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Abstract

Background—Cyclophosphamide is an alkylating chemotherapeutic drug administered 1V or
PO. Itis currently assumed that exposure to the active metabolite, 4-hydroxycyclophosphamide
(4-OHCP), is the same with either route of administration.

Objectives—To characterize the pharmacokinetics of cyclophosphamide and 4-OHCP in dogs
with lymphoma when administered PO or IV.

Animals—Sixteen client-owned dogs with substage A lymphoma were enrolled in the study.
Eight dogs received cyclophosphamide 1V and 8 received it PO.

Methods—Prospective randomized clinical trial was performed. Blood was collected from each
dog at specific time points after administration of cyclophosphamide. The serum was evaluated for
the concentration of cyclophosphamide and 4-OHCP with mass spectrometry and liquid
chromatography.

Results—Drug exposure to cyclophosphamide measured by area under the curve (AUC)q_inf iS
significantly higher after intravenous administration (7.14 + 3.77 pg/h/mL) compared with
exposure after oral administration (P-value < .05). No difference in drug exposure to 4-OHCP was
detected after IV (1.66 £ 0.36 pug/h/mL) or PO (1.42 + 0.64 ug/h/mL) administered
cyclophosphamide.

Conclusions and Clinical Importance—Drug exposure to the active metabolite 4-OHCP is
equivalent after administration of cyclophosphamide either PO or IV.

Keywords
Chemotherapy; Liquid chromatography; Mass spectrometry; Pharmacokinetics

Cyclophosphamide is an alkylating chemotherapeutic drug commonly used in veterinary
oncology. It is administered as an intravenous bolus or given PO, often in conjunction with
other chemotherapy drugs for use in multidrug protocols. It is used for the treatment of a
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variety of malignancies. Cyclophosphamide is an oxazaphosphorine prodrug and must
undergo activation to form 4-hydroxycyclophosphamide (4-OHCP) before exerting a
cytotoxic effect.1~> Biotransformation of cyclophosphamide occurs in the liver via the
cytochrome (CYP) P450 system.1:3 In humans, studies indicate that up to 70% of
administered cyclophosphamide is metabolized to 4-OHCP.# Multiple CYP450 enzymes
have been implicated in the mediation of this reaction and include CYP2B6, CYP2C9,
CYP2C19, CYP3A4, and CYP3A5.367

After hydroxylation of cyclophosphamide, 4-OHCP is in equilibrium with its tautomeric
form, aldophosphamide. 1:58 It is not possible to distinguish 4-OHCP and aldophosphamide
with commonly used assays; thus in the literature, 4-OHCP often refers to the combination
of both metabolites.! 4-OHCP is able to pass through cellular membranes and thus rapidly
enters cells.2:2 Within the cell, 4-OHCP rapidly decomposes to phosphoramide mustard and
acrolein.128 Phosphoramide mustard is the ultimate cytotoxic metabolite of
cyclophosphamide, resulting in cross linkage of DNA.12 Thus the systemic concentration of
4-OHCP is thought to represent the intracellular cytotoxically active state of
cyclophosphamide.!

4-OHCP is unstable and is rapidly metabolized within the cell, which has historically made
quantification difficult. 1-58 A simple method to quantify 4-OHCP in red blood cells and
plasma involves direct stabilization with semicarbazide hydrochloride (SCZ).1 The
concentration of 4-OHCP in plasma and red blood cells is the same, indicating measurement
of 4-OHCP in the blood can be used as a surrogate marker of intracellular concentration.!

Cyclophosphamide is commercially available in formulations for intravenous and oral
administration. Studies in mice and humans indicate that 4-OHCP and phosphoramide
mustard are available in equal quantities when administered PO or IV, suggesting that
intravenous and oral routes can be used interchangeably in the clinical setting.®

In veterinary medicine, it is assumed that the concentration of the active metabolites is the
same with either route of administration although no pharmacokinetic studies have been
done in the dog. The decision to administer cyclophosphamide PO or IV is often based on
clinician or owner preference. The objective of this prospective study was to characterize the
pharmacokinetics of cyclophosphamide and 4-OHCP in the plasma of dogs with lymphoma
when administered PO or IV.

We also speculated that a significant difference would be present for drug exposure of
cyclophosphamide as measured by area under the curve (AUC) when administered IV or PO
to the same population of dogs. This had also previously been established within the human
population by Struck et al.?

Materials and Methods

This was a randomized prospective study. Before starting the study, the protocol was
approved by the Institutional Animal Care and Use Committee and written client consent
was obtained before dog enroliment. A total of 16 dogs diagnosed with lymphoma that were
treatment naive were enrolled. Criteria for inclusion were dogs with substage A lymphoma,
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body weight >10 kg, alkaline phosphatase, alanine transferase, and total bilirubin values
within the reference range, and no previous history of chemotherapy treatment. Dogs were
excluded if they had already been treated with or had received corticosteroids within 30 days
of presentation, or were receiving phenobarbitone.

Dogs were randomly assigned to receive cyclophosphamide either PO? or IV at a dose of
250 mg/mZ. Intravenous cyclophosphamide was administered as a slow bolus infusion over
10 minutes. The oral dose was rounded to the nearest 25mg tablet and administered at a
single time point. All dogs received furosemide (1 mg/kg) subcutaneously immediately
before treatment. Whole blood was collected at the following time points, 0, 15, 30, 60
minutes after administration, and then 2, 4, 6, 8, and 24 hours.

After the 24-hour time point collection and study completion, dogs were then treated with a
variety of different chemotherapy protocols as selected by the owners. These included 15 or
19-week CHOP (cyclophosphamide, doxorubicin, vincristine, prednisone), single agent
doxorubicin, CCNU and L-asparaginase or prednisone alone. As part of the 15-week CHOP
protocol, 4 dogs received a dose of vinciristine 24 hours after the initial dose of
cyclophosphamide. The remaining 12 dogs did not receive additional chemotherapy, with
the exception of prednisone, until 1 week after cyclophosphamide administration. Toxicity
and tumor response were assessed at 1-week postcyclophosphamide administration.
Hematologic toxicosis was graded according to VCOG-CTCAE.10

Synthetic, “preactivated” (preoxidized) precursor to the cyclophosphamide metabolite 4-
OHCP, 4-hydroperoxycyclophosphamide (4-OOHCP; purity 98%) was purchased from IIT
GmbH/ NIOMECH.® Cyclophosphamide monohydrate, hexamethylphosphoramide (internal
standard [1S]), SCZ, and all other reagents (methanol, acetonitrile, and ammonium
hydroxide) used were analytical grade purchased from Sigma-AIdrich.O|

Sample Handling

The method for sample handling used was described by Huitema et al, 1 and is briefly
explained here. Whole blood was collected from dogs and placed into sodium heparin tubes
at the assigned time points. The sample was immediately placed on ice and centrifuged at
2,500 x g for 10 minutes at —4°C. One milliliter of plasma was placed into a 10mL
polypropylene tube with 100 pL of 2M SCZ in order to trap the 4-OHCP in the stable form.
The sample was then vortexed for 30 seconds and stored at —80°C until analysis. Samples
were stored for between 2 weeks and 8 months before analysis. Huitema et al® determined
that the samples were stable when stored for up to 12 months.

Standard dilutions of free cyclophosphamide and 4-OOHCP were prepared in water at 10
and 1 mg/mL, respectively, and each were added immediately to naive dog plasma to result

aCytoxan, Bristol-Myers Squibb Company, Princeton, NJ
Cytoxan, Baxter Healthcare Corporation, Deerfield, IL
CBielefeld, Germany

dgy Louis, MO
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in a standard curve ranging from 12.5 to 5,000 ng/mL. 4-OOHCP spontaneously converts to
4-OHCP in aqueous solutions which was trapped upon the addition of 2M SCZ to produce
semicarbizide derivative of 4-OHCP (4-OHCP-SCZ) and vortexed for 30 seconds.10
Samples were aliquoted and stored at —80°C until analysis.

On the day of sample analysis, dog and standard curve samples were thawed, 100 uL of each
was added to a microcentrifuge tube containing 25 ng of IS (10 pL or 2.5 pg/mL solution)
and vortexed briefly. Proteins were then precipitated with the addition of 300 pL of 1: 1 (v :
v) methanol : acetonitrile and brief mixing. Samples were then centrifuged at approximately
21,000 x g for 15 minutes, 50 pL of supernatant was then added to 400 uL of 1mM
ammonium hydroxide (pH 10.1), mixed and transferred to HPLC vials.

Mass Spectrometry and Liquid Chromatography Conditions

Positive ion electrospray ionization mass spectra were obtained with a MDS Sciex 3,200 Q-
TRAP triple quadrupole mass spectrometer € with a turbo ionspray source interfaced to a
Shimadzu Prominence HPLC systemf and a CTC Analytics HTC PAL System
autosampler.9 Samples were chromatographed with an Alltech Hypersil ODS (C18) 3U; 150
x 4.6mmh protected by a Security-Guard C18 cartridge (4 x 2.0mm 1.D)! maintained at
room temperature. An isocratic mobile phase consisting of 55% 10mM ammonium
hydroxide (pH 10.1) and 45% acetonitrile was used at a flow rate of 800 pL/min. Sample
injection volume was 25 pL, and the analysis run time was 10 minutes. Mass spectrometer
compound specific settings were optimized to monitor the transitions.!

Analytes were quantified by IS reference monitoring of the ion transitions m/z261.2 —
140.2 for cyclophosphamide, m/z 334.3 — 221.2 for the semicarbizide derivative of 4-
OHCP (4-OHCP-SCZ), and m/z 180.0 — 135.0 for the IS. The mass spectrometer settings
were optimized as follows: turbo ionspray temperature, 550°C; ion spray voltage, 3,500 V;
declustering potential, 21V (CP), 46V (4-OHCP-SCZ) and 21V (IS); entrance potential, 4V
for all 3 analytes; collision energy (CE), 17V (CP), 28V (4-OHCP-SCZ) and 10V (1S);
collision cell entrance potential, 16V (CP and 4-OHCP-SCZ) and 15.2V (IS); collision cell
exit potential, 4.5V (CP), 2.3V (4-OHCP-SCZ) and 3.0V (IS); curtain gas, N, (CUR), 45
units; collision gas, N, (CAD), 3; nebulizer as, Ny, 75 units; and auxiliary gas, N, 60 units.

Statistical Analysis

Pharmacokinetic parameters for both cyclophosphamide and 4-OHCP were examined and
compared between the groups. These parameters were calculated by noncompartmental
analysis and included maximum concentration (Cpax), Clearance, AUCq_ing, half life (t1/o)),
time to maximum concentration (Tmax). AUCq_inf and Crhax corrected for dose were also
included in the analysis. All parameters are accompanied by standard deviation. The 2
groups were compared using Mann-Whitney analysis. Values were considered significantly
different if the P-value was <.05.

€Applied Biosystems Inc, Foster City, CA

Shimadzu Prominence HPLC system, Columbia, MD
91_eap Technologies, Carrboro, NC

_hGrace Davison Discovery Sciences, Deerfield, IL
IPhenomenex, Torrance, CA

J Vet Intern Med. Author manuscript; available in PMC 2015 February 17.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Warry et al.

Results

Page 5

Sixteen dogs were enrolled in the study. Eight dogs received cyclophosphamide PO, and 8
IV. For those that received the drug PO the median dose was 272 mg/m? with a range of
250-325 mg/m2.

The AUCq_jns is significantly higher when cyclophosphamide was administered 1V, 7.14 +
3.77 pug/h/ mL, versus 1.85 + 2.58 pg/h/mL (Table 1, Fig 1A). As expected the AUCq_jnf
corrected for dose also demonstrated a statistically significant difference between the
intravenous (29.30 * 15.37 ng/h/mL/mg) and oral (7.18 £ 10.43 ng/h/mL/mg). The Cyax Of
intravenous cyclophosphamide was reached immediately after administration, and then
decreased steadily over time. After oral administration, Cp,ax Was reached at approximately
0.78 hours (x 0.394), and then decreased more slowly in comparison with intravenous
administration. The Cyax Of cyclophosphamide after intravenous administration was
significantly higher, 20.49 + 12.95 versus 1.16 + 1.08 pg/mL, than the oral group. The Cuax
corrected for dose was also significantly higher within the intravenous group (82.61 + 42.53
ng/mL/mg) compared with the oral group (4.54 + 7.23 ng/mL/mg). No difference was
observed in the terminal half life with either route of administration.

As expected, drug exposure as measured by AUCq_ins for 4-OHCP was not significantly
different when administered IV (1.66 £ 0.36 pg/h/mL) or PO (1.42 + 0.64 ug/h/ mL).
Analysis of AUCq_jns corrected for dose was also performed, and no difference was
appreciated between the intravenous (7.60 £ 4.18 ng/h/mL/mg) or oral (5.38 £ 2.63
ng/h/mL/mg) group. This indicates that regardless of the route of administration, exposure to
the active metabolite of cyclophosphamide is equivalent. The pharmacokinetic values
measured for 4-OHCP are presented in Table 2 and Figure 1B.

As with cyclophosphamide, the Cyax 0f 4-OHCP was significantly higher, 2.79 £ 1.34
ug/mL, and the time to achieve this concentration (Tmax), 0.22 £ 0.09 hour, was significantly
shorter for the intravenous group. The Cyax for the oral group was reached approximately at
1.25 £ 0.65 hours after administration. However, as opposed to the intravenous group, the
concentration of 4-OHCP was sustained for a longer period of time (Fig 1B). The
concentration of 4-OHCP in the intravenous group declined steadily after Cyax Was also
corrected for dose (Crax/dose), and a statistically significant difference was detected
between the intravenous (10.3 £ 5.1 ng/mL/mg) and oral (4.6 + 3.3 ng/mL/mg) groups.
Despite the significant difference between AUC_jns of cyclophosphamide in the different
groups, drug exposure to the active metabolite was ultimately the same. Drug exposure, as
measured by AUCq_jns, to 4-OHCP (1.66 £ 0.36 pg/h/ mL) in the intravenous group was
approximately 5-fold less than exposure to cyclophosphamide (7.14 £ 3.77 pg/ h/mL).
Within the oral group, the exposure to 4-OHCP and cyclophosphamide was similar.

Interanimal variability was observed with regards to cyclophosphamide within the 2 groups.
Greater variability in pharmacokinetic parameters was seen within the oral group. Individual
differences to cyclophosphamide exposure, as measured by AUCq_jnf, within the
intravenous groups was approximately 5.6-fold (range 151-842 pg/h/mL), compared with
20-fold (range 23.9- 487 ug/h/mL) within the oral group. Substantial variation was also
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observed with regards to Crhax. Variability within the intravenous group was approximately
5.6-fold (range 8,020-45,000 ng/mL), compared with 46-fold difference for the oral group
(range 119-5,470 ng/mL). No variability with regards to Ty, Was observed within the
intravenous group; however, an 8-fold difference was observed for the oral group (range 30—
240 minutes). Variability within the intravenous and oral groups was also observed for the
pharmacokinetic parameters of 4-OHCP. However, unlike cyclophosphamide, the degree of
interanimal variability between the groups was similar. Variability for drug exposure was
approximately 1.8-fold for the intravenous (range 67.7-125.6 pg/h/mL), and 3.3-fold for the
oral group (range 41.6-138.3 pug/h/mL). Interanimal variability for Cp,,x was 8.3-fold in the
intravenous group (range 619-5,180 ng/mL) and 7.2-fold for the oral (range 340-2,450 ng/
mL). Variability for Ty, Was 2.5-fold for the intravenous group (range 10-25 minutes) and
4-fold for the oral group (range 30-120 minutes).

One week after drug administration, the dogs were reexamined and a CBC was performed.
Seven of the 8 dogs in the intravenous group were re-evaluated at this time. Five dogs were
in a partial remission (72%), 1 was in a complete remission (14%), and 1 dog had
progressive disease (14%). The overall response rate for dogs in the intravenous group was
85%. All 8 dogs enrolled in the oral group were available for re-evaluation. Six dogs were in
a partial remission (75%), and 2 dogs had a complete remission (25%). The overall response
rate for the oral groups was 100%.

No episodes of sterile hemorrhagic cystitis (SHC) were reported after administration of
cyclophosphamide at any time during treatment.

After administration of cyclophosphamide, dogs received a variety of chemotherapy
protocols. These included; CCNU and L-asparaginase, 19-week multidrug CHOP protocol,
15-week multidrug CHOP protocol, COP, or single agent doxorubicin. Three dogs who
received the 15-week CHOP protocol were administered vincristine (0.7 mg/m2, 1V) 24
hours after cyclophosphamide at the completion of the study.

Four dogs developed hematological toxicoses 7 days after cyclophosphamide
administration. Two dogs associated with the oral and 2 with the intravenous administration.
Two episodes of grade 3 neutropenia were reported, 1 in each group. Both of these dogs had
been administered vincristine 24 hours after cyclophosphamide, as part of the 15-week
CHOP protocol. A single episode of grade 2 and grade 1 neutropenia were reported among
the oral and intravenous group, respectively. No episodes of gastrointestinal toxicoses were
reported.

Discussion

We did not detect a significant difference in the availability of the active metabolite, 4-
OHCP when cyclophosphamide is administered 1V or PO to dogs; however, a significant
decrease in drug exposure as measured by the AUCq_jns for cyclophosphamide occurs with
the oral administration. This finding supports the human literature, and it is likely that oral
and intravenous cyclophosphamide can be used interchangeably with the same exposure of
active metabolite being achieved in dogs with lymphoma.®

J Vet Intern Med. Author manuscript; available in PMC 2015 February 17.
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When administered PO the bioavailability of cyclophosphamide is estimated at ~25% from
the results of this study. This is likely because of differences in absorption through the
gastrointestinal tract, and first-pass elimination through the liver.1:211.12 Ag
cyclophosphamide is metabolized to 4-OHCP in the liver, only a small percentage will reach
the systemic circulation for sampling. Thus exposure to cyclophosphamide when
administered PO reflects the portion of the prodrug not converted to the active metabolite by
the liver.

In contrast, the exposure to cyclophosphamide when administered IV is significantly higher
(P < .05) as there is no first-pass elimination through the liver, and sampling reflects
exposure before metabolism in the liver.2:13 However, despite the higher exposure to the
prodrug, exposure to the active metabolite is not statistically different from that achieved
with oral dosing. This difference in exposure to the prodrug is attributed to a combination of
excretion of prodrug unchanged in the urine, and absorption or distribution to organs other
than the liver not allowing for metabolic activation. 13414 |t has been established that
within the human population approximately 25% of cyclophosphamide after intravenous
administration is excreted unchanged in urine.* Unfortunately, this information is not
currently available for dogs and was not examined in this study; however, it is assumed to be
similar.

CYP P450 is predominantly responsible for phase 1 metabolism in the liver, as is the case
with cyclophosphamide. 6:7:13-16 The genetic polymorphisms in certain CYP P450
isozymes, including CYP2B6, CYP2C9, CYP2C19, CYP3A4, and CYP3Ab5, can contribute
to the interanimal variability commonly seen among dogs receiving
cyclophosphamide.®7:14-16 |n some cases, these polymorphisms were found to be predictors
for intoxication and clinical response.6:7:14.17

Given the importance of CYP P450 isozymes in hepatic drug metabolism, concurrent liver
disease and the effect, if any, it has on cyclophosphamide warrants further investigation. To
assist in controlling for some interanimal variability, we only enrolled dogs with liver
parameters, including total bilirubin, within the normal reference range. These inclusion
criteria have been used in studies of cyclophosphamide pharmacokinetics in humans. 2

Interpatient variability among the human population receiving cyclophosphamide has also
been associated with sex, age, ethnicity, and the administration of concurrent
medications.* 14 Environmental factors such as the influence of diets, are yet to be
evaluated. Recognition of interanimal variability has resulted in individual dose adjustments
in the aim of tailoring therapy to maximize efficacy and minimize severity of
toxicoses.246.7.12.14.18 | addition to interanimal variability, intra-animal variability occurs
over time within some individuals, indicating that dose adaptations made during the
treatment course might be warranted to reduce toxicity and maximize efficacy.2:12

In our study, the focus was not on establishing the causes of interanimal variability within
the canine population. In an attempt to minimize interanimal variability, we only enrolled
dogs greater than 10 kg, dogs were not permitted to have received prednisone or
dexamethasone 30 days before administration of cyclophosphamide, and dogs receiving

J Vet Intern Med. Author manuscript; available in PMC 2015 February 17.
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drugs known to be inducers of hepatic microsomal mixed function oxygenase activity were
excluded.1® Additional chemotherapeutic drugs were not administered until the study was
completed to prevent unknown pharmacokinetic interactions.12

We observed variability between dogs within both groups in relation to cyclophosphamide
and 4-OHCP. Greater variability was observed for cyclophosphamide within the oral group.
The increased variability within the oral group is likely associated with environmental
factors such as diet, as well as individual differences in gastrointestinal absorption of the
prodrug, and individual differences in metabolism.13 Variability between the groups for the
measured pharmacokinetic values of 4-OHCP was similar. The reason for interanimal
variability within the canine population remains unknown.

A significantly shorter time to Cp,ax 0Ff 4-OHCP was seen in the intravenous group. This is
expected as absorption of the prodrug after intravenous administration is not a factor
compared with the oral route.13 A significantly increased Cpay of 4-OHCP was also
achieved in the intravenous group. However, after Cqax the concentration of 4-OHCP in the
plasma decreased more rapidly in the IV than the oral group. Again this is likely attributed
to the slower rate of absorption from the gastrointestinal tract, and subsequently a greater
amount of cyclophosphamide was available for conversion to 4-OHCP over time. It is
unknown if the more sustained higher concentration of 4-OHCP with oral administration is
beneficial over that observed in the intravenous group.

We did not observe any substantial difference in overall response rate or episodes of
hematological toxicity between the 2 groups. However, our study was not adequately
powered to make any direct conclusions regarding the risk of toxicoses associated with the
different routes of administration, and not all dogs received the same chemotherapy protocol
before assessment of toxicity. No episodes of SHC were reported among the study
population after the administration of cyclophosphamide. To help prevent uroepithelial
toxicity associated with cyclophosphamide all dogs were treated with furosemide
administered before cyclophosphamide, received the medication in the morning, were
encouraged to drink fresh water, and were taken outside frequently to encourage
urination.12:20 Dogs receiving cyclophosphamide 1V have an increased risk for developing
SHC, which is reduced with the administration of furosemide.31221.22 The frequency of
SHC after oral administration is reported less in the literature, and usually associated with
long-term treatment.12 It has been suggested that the occurrence of SHC associated with oral
cyclophosphamide can be further reduced by dividing the dose over a 3-4 day period.20

In this study, we focused on determining if the concentration of active metabolite, 4-OHCP,
and thus the cytotoxic capability of the parent drug cyclophosphamide were the same if
administered PO or I1V. To accomplish this, we administered the total oral
cyclophosphamide dose at a single time point. At this time, it is unknown what effect of
dividing the oral dose over a 3—4 day period has on pharmacokinetic or pharmacodynamic
parameters when compared with bolus administration via the intravenous route.

In conclusion, dog exposure to the active metabolite of cyclophosphamide, 4-OHCP, is the
same in dogs with lymphoma when administered PO or IV. A significant difference in

J Vet Intern Med. Author manuscript; available in PMC 2015 February 17.
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posure to the prodrug is observed. This data suggests that oral and intravenous
ministration of cyclophosphamide can be used interchangeably with the same exposure of

active metabolite being achieved in dogs with lymphoma.

Abbreviations

AUC area under the curve
Crax maximum concentration
CHOP cyclophosphamide, doxorubicin, vincristine, prednisone
COP cyclophosphamide, vincristine, prednisone
CYP cytochrome
4-OHCP Q4-hydroxycyclophosphamide
SCz semicarbazide hydrochloride
SHC sterile hemorrhagic cystitis
Tmax time to maximum concentration
VCOG-CTCAE Veterinary Co-operative Oncology Group-common terminology
criteria for adverse events
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Plasma concentration versus time curves for cyclophosphamide and 4-OHCP. (A) Plasma
concentration of cyclophosphamide when administered PO or 1V to dogs with substage A
lymphoma. (B) Plasma concentration for 4-OHCP when administered PO or IV to dogs with

substage A lymphoma.
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Pharmacokinetic parameters of cyclophosphamide following IV or oral dosing in dogs.

Table 1

PK Parameter@ Units v Oral
AUCq_inf pg/h/mL 7.14+3.77 1.85+ 258"
Crnax Hg/mL 2049+1295 1 4g+180"
tyoh hour 0.53 +0.12 0.78 +0.39
CL (CLg0r CLoya) L/h 4254 +22.38 327.66 +206.94
Tnax hour — 1.81+1.07
AUC/dose ng/h/imL/mg  29.30+15.37 718+ 10.43"
Crax/dose ng/mL/mg  82.61 +42.53 454 +7.23°

Pharmacokinetic parameters accompanied by standard deviation.

a .
PK parameters were calculated by noncompartmental analysis.

*
Significantly different (P < .05) from IV dosing parameter as determined by Mann-Whitney analysis.
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Table 2

Pharmacokinetic parameters of 4-OH-cyclophosphamide following IV or oral dosing in dogs.

PK Parameter@ Units v Oral
AUCq_,inf pg/h/mL  1.66+0.36 1.42+0.64
Crnex Hg/mL 2792134 1914080
typh hour 0.67+045 0.59+0.29
Tnax hour 022+0.09 1954065
AUC/dose ng/h/mL/mg 7.60+4.18 5.38+2.63
Chnax/dose ng/mL/mg  10.3+5.1 46+33"

Pharmacokinetic parameters accompanied by standard deviation.
aPK parameters were calculated by noncompartmental analysis.

Significantly different (P < .05) from IV dosing parameter as determined by Mann-Whitney analysis.
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