Cancer Chemother Pharmacol (1986) 18: 261-264

'C ancer
hemotherapy and
'P harmacology

© Springer-Verlag 1986

Bioavailability of ifosfamide in patients with bronchial carcinoma

T. Cerny', J. M. Margison?, N. Thatcher', and P. M. Wilkinson®

'Departments of Medical Oncology and *Clinical Pharmacology, Christie Hospital and Holt Radium Institute,

Manchester M20 9BX, UK

Summary. The pharmacokinetics of ifosfamide (I) were de-
termined in ten patients with bronchogenic carcinoma. In
seven patients, doses of 1 and 2 g (I) were given both as a
bolus orally and later intravenously and were well tolerat-
ed. A further three patients received 5 g (I) as a single oral
dose but in two this produced reversible CNS toxicity and
severe vomiting. The area under the curve (AUC, pg.h.17")
for the 1-g dose was the same following oral and 1. v. treat-
ment and this was also true for the 2-g doses. There was a
proportionate increase in the AUC for the 5-g oral dose,
indicating 100% bioavailability at all three dose levels. We
conclude that doses up to 2 g by mouth represent a well-
tolerated alternative route of administration.

Introduction

The oxazaphosphorine ifosfamide (I) is a tautomer of the
well-known alkylating agent cyclophosphamide (C). Ifos-
famide shows considerably less bone marrow toxicity than
(C) and may therefore be a more suitable agent for combi-
nation chemotherapy. There has been renewed interest in
(D) in view of the fact that the dose-limiting urotoxicity can
be overcome by Mesna [2]. Preliminary reports suggest that
(D) is active in several (C)-resistant tumours and should
therefore be regarded as a new and distinctive oxazaphos-
phorine derivative [4, 5, 12]. Whilst the putative lack of
complete cross resistance with (C) remains unproven [for
review see 1] the metabolic pathway of (I) activation is
probably different.

There are recent reports describing reversible CNS tox-
icity with higher doses of (I), but there is no clear evidence
as to whether this is due to (I) itself or to possible metabo-
lites of Mesna. However, the fact that neurotoxicity was al-
so noted in earlier reports [3] without administration of
Mesna makes the latter possibility unlikely.

To date, (I) has been given i. v. together with Mesna,
either alone or in combination with other agents, for a
number of solid tumours. This treatment requires hospital-
isation, and there are clearly certain advantages to oral
treatment providing satisfactory bioavailability can be
proven [9]. We therefore examined the kinetics of (I) from
an oral formulation and compared this to the same dose
given i. v.

* T. Cerny is the recipient of an EORTC Research Fellowship
Offprint requests to: T. Cerny

Patients, material and methods

Ten patients with previously untreated bronchogenic car-
cinoma were studied; details are given in Table 1. Before
inclusion, a Karnofsky Performance Score [6] of more
than 50 was required and verbal information consent ob-
tained.

The mean age of the patients was 64.5 years (range
54-73) and they consisted of four females and six males.

Drug administration. All (1) was prepared as a powder in
gelatine capsules (500 mg) by Dr. M. Spring (Department
of Pharmacy, Manchester University). The powder was a
gift from Boehringer Ingelheim, Berkshire, UK. For intra-
venous use ifosfamide BP was given and prepared in the
normal manner.

All patients fasted for at least 2 h before oral adminis-
tration and the capsules were given as a bolus dose with
100 ml water. The i. v. dose was given 4 days before or 4
days after the oral dose. All patients also received i.v.
Mesna at the same dose as (I) for 24 h and the fluid intake
of 2 litres was maintained over this time period. Other
drugs were given as necessary. Patients were carefully
monitored for side effects during this period. Serial serum
and urine samples were collected during the first 48 h after
administration and stored at —20 °C prior to assay.

Ifosfamide assay. All samples were assayed by a reverse
HPLG method developed in this laboratory using UV de-
tection at 190 nm [8]. The calibration curve was linear
throughout the dose range encountered and the coefficient
of variation of the assay was 5.4%.

Kinetic analysis. For the i. v. profile the serum concentra-
tion time curve was analysed by a non-iterative computer
programme based on a two-compartment open model. The
intercept values. and rate constants were used to calculate
the half-time, clearance, volume of distribution and the
dispositional rate constants between compartments. The
area under the curve (AUC) was calculated by extrapolat-
ing to infinity.

For the oral curve a linear regression analysis of the
terminal phase was used to determine the half-time and
clearance. The AUC was calculated by the trapezoidal rule
but extrapolated to infinity for comparability.
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Table 1. Patient characteristics

Patient Age Sex KPS Histological Type and Stage Creatinine Liver Other
(years) clearance function abnormalities
(ml/min)

I. S. L. 66 M 70 Squamous cell type with soft 98 Normal None
tissue metastases

2. R.E 75 F 70 Extensive disease SCLC 69 Normal Coronary heart

disease, dysphagia

3. D.J 56 M 80 Anaplastic Ca of lung with 138 Normal None
bone metastases

4. R.F 56 M 60 Poorly diff. squamous cell Ca, 91 Normal Hypercalcaemia
bilateral lung, bony metastases

5. P.H 54 M 70 Poorly differentiated, Ca of lung 108 Normal None
with chest wall involvement

6. CH 59 F 60 Squamous cell of tung invading 92 Moderately Dysphagia
oesophagus impaired (alcohol)

7. D.B 63 M 50 Squamous cell Ca with extensive 75 Severely impaired, None
liver involvement jaundiced

8. HM. 72 F 80 SCLC with extensive disease 104 Normal Inappropriate ADH

9. H.S. 71 F 70 SCLC with extensive liver 104 Moderately None
metastases impaired

10. P.E. 73 M 70 SCLC (“relapse” after lobectomy) 77 Normal Inappropriate ADH

SCLC, small cell lung cancer; KPS, Karnofsky Performance Score [6]

Results

The results are summarised in Table 2 and shown in
Figs. 1-4. The AUC was the same for both the oral and the
1. v. dose, indicating 100% bioavailability; this applied for
both the 1- and 2-g doses. The mean ratio of the AUC for
i. v. and AUC for oral application was 0.905 for the 1-g
and 1.070 for the 2-g dose level. For those patients who re-
ceived 5 g orally, the AUC showed the predicted linear in-
crease, again suggesting 100% (I) bioavailability. However,
in these cases the i. v. dose was not given because of poor
tolerance and toxicity of the oral regime.

Toxicity

The doses of 1 and 2 g by mouth and i. v. were well tolerat-
ed. All patients received Mesna at the same dose as (I),
and no signs or symptoms of urotoxicity or CNS toxicity

were noted at any time during the study period (see
Table 3).
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The haematological toxicity was mild, and in no in-
stance was a nadir white cell count of less than 3.0 x 10°/1i-
tre noted. Haemoglobin and platelets showed no signifi-
cant change from the pre-treatment values. Of three pa-
tients who received 5 g orally, all showed CNS toxicity
and two developed somnolence and confusion in addition
to their vomiting. This occured 5-6 h after administration
and could not be controlled satisfactorily by anti-emetics.
In view of this no further studies were undertaken with this
dose and it is not possible to comment on haematological
toxicity.

Discussion

This study demonstrates that oral (I) is well tolerated in
doses of 1 and 2 g, with 100% bioavailability. It is interest-
ing to note that similar findings are obtained in those pa-
tients with liver involvement from their tumour. However,
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Fig. 1a, b. Concentration/time curve (mean +/— SEM) in six patients receiving 1 g ifosfamide i. v. (a) and orally (b)
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Table 2. Pharmacokinetic parameters of ifosfamide

Single dose of Ka | ST kis2 v, Vgsarea Vgsteadystate V, T/, TU,8 Clg ] AUC (0 to o)

(0 @) B @) O ) o m (h) (ml-min—1) (mg-h-1-1)

lg iv. - 0190 230 1.69 18.70  30.49 30.00 11.28  0.150 5.92 59.46 294.20
SD 0.048 1.41 0.75 6.30 7.40 7.40 420 0.073 1.15 6.40 29.82
SEM 0.020  0.57 0.30 2.57 3.00 3.00 .70 0.030 0.47 2.60 12.17

1g p.o. - - - . - - - - - 5.33 45.33 266.30
SD - - - - - - - - 1.26 6.67 12.02
SEM - - - - - - - - 0.51 2.72 4.90

2g Lv. 0.213 2.26 1.34 20.24  33.01 32.27 12.02 0.18 5.29 72.07 478.20
SD 0.170  1.06 6.50 6.50 5.80 5.80 9.60 0.18 0.73 7.90 34.86
SEM 0.070  0.47 2.90 2.94 2.60 2.60 420 0.08 0.27 3.50 13.17

2g p.o. - - - - - - - = 5.33 50.17 511.80
SD - - - - - - - - 0.96 13.09 83.97
SEM - - - - - - - - 0.36 4.95 31.73

5g p.o. - - - - - - - - 4.07 61.33 1229.70
SD - - - - - - - - 0.40 21.34 156.20
SEM - - - - - - - - 0.23 12.32 90.10

SD, standard deviation; SEM, standard error of mean; AUC, area under curve; k, elimination constant; k,.;, transfer constant from
peripheral to central compartment; k. ,, transfer constant from central to peripheral compartment; V, volume of central compartment
(V)), volume of peripheral compartment (V,) and apparent volume of distribution (V4 area); T!/,, half-life of distribution phase () and
elimination phase (8); Cl,,, total body clearance

Table 3. Toxicity of ifosfamide

Patient Nausea and vomiting CNS toxicity Haematotoxicity
1gp.o. 1giv. 2gp.o. 2giv 5gp.o.
1. S. L. Grade 0 0 0 0 n.d.
2. R.E. Grade 0 0 2 2 n.d.
3. D.J. Grade 0 0 0 0 n.d.
4. R.F. Grade 0 0 0 0 n.d. Grade 0 Grade 0
5. P.H. Grade 0 0 0 0 n.d.
6. C.H. Grade 22 2 2 2 n.d.
7. D.B. n.d. n.d. 0 0 n.d.
8. H.M.» n.d. n.d. n.d. n.d. Grade 4 Grade 3 -
encephalopathic
9. H.S.b n.d. n.d. n.d. n.d. Grade 4 Grade 3 -
encephalopathic
10. P.E.® n.d. n.d. n.d. n.d. Grade 3 Grade 2 -

modorate dizziness

Results expressed in terms of WHO toxicity grade [10]

n.d., not done

@ This patient showed nausea and vomiting for several weeks combined with dysphagia (coesophageal tumour involvement)
b These patients also received 800 mg etoposide, therefore the haematological toxicity could not be assessed
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Fig. 2a, b. Concentration/time curve (mean +/—~ SEM) in seven patients receiving 2 g ifosfamide i. v. (a) and orally (b)



264

SERUM CONCENTRATION (ug/ml)
150~
wlo @ ©

50-| &)

TIME (HOUAS)

Fig. 3. Concentration/time curve (mean +/— SEM) in three pa-
tients receiving 5 g ifosfamide orally
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Fig. 4a, b. Comparison of concentration/time curves (means) of
1 g (a) and 2 g (b) ifosfamide given i. v. and orally

since it is only possible to estimate the parent compound
with the analytical method employed here, no comment
can be made concerning possible variation in metabolism
between those patients with normal liver function and
those with liver metastases. Further investigations of the
metabolites will be required to elucidate this point.

The decay of i. v. (I) was a first-order process and there
was no evidence of saturable metabolism, even with doses
up to 5 g. We have previously reported that with (C) there
is no evidence of saturation of metabolism even with doses
of up to 8 g [13]. The terminal half-life of (I) showed a con-
sistent decrease with an increase in body clearance, sug-
gesting a dose-dependent inducible metabolism.

In conclusion, oral (I) in doses of up to 2 g now re-
quires evaluation in clinical studies, as several reports sug-
gest that fractionated doses may have a better therapeutic
index [7, 11].

Acknowledgement. We thank the staff of Ward 12 at Christie Hos-
pital for their help.

References

1. Brade WP, Herdrich K, Varini M (1985) Ifosfamide — phar-
macology, safety and therapeutic potential. Cancer Treat Rev
12: 1-47

2. Brock N (1980) Konzeption und Wirkmechanismus von
Uromitexan (Mesna) Beitr Onkol 5: 1-12

3. Craeven PJ, Allen LM, Cohen MH, Nelson RL (1976) Studies
on the clinical pharmacology and toxicology of ifosfamide
(NSC 109724). Cancer Treat Rep 60: 445-449

4. Goldin A, Venditti JM, Kline I, Wodinsky I, Little AD,
Schabel FM (1977) Preclinical investigations with ifosfamide
in relation to cyclophosphamide. Proc Int Holoxan Sympo-
sium, Diisseldorf: 19-28

5. Goldin A (1982) Ifosfamide in experimental systems. Semin
Oncol 9 [Suppl 1]: 14-23

6. Karnofsky DA, Abelmann WH, Craver LF, Burshenal JH
(1948) The use of the nitrogen mustards in the palliative treat-
ment of carcinoma. Cancer 1: 634-656

7. Klein H, Dias P, Christian E, Coerper C (1984) Therapeutic
effects of single-push or fractionated injections or continous
infusion of oxazaphosphorine (cyclophosphamide, ifosfa-
mide, ASTA Z 7557). Cancer 54: 1193-1203

8. Margison JM, Cerny T, Thatcher N, Wilkinson PM (1986) A
simple quantitative HPLC assay for ifosfamide in biological
fluids. Bromed Chromat 1 (3) (in press)

9. McNiel NO and Morgan LR (1981) The bioavailability of or-
al and intravenous ifosfamide in the treatment of broncho-
genic carcinoma. Int J Clin Pharmacol Toxicol 19: 490-493

10. Miller AB, Hoogstraten B, Staquet M, Winkler A (1981) Re-
porting results of cancer treatment. Cancer 47: 207-214

11. Morgan LR, Harrison EF, Hawke JE, Hunter HL, Costanzi
JJ, Plotkin D, Tucker WG, Worrall PM (1982) Toxicity of
single- v.s. fractionated-dose Ifosfamide in non-small cell
lung cancer: a multi-center study. Semin Oncol 9 (Suppl. 1):
66-70

12. Seeber S, Niederle N, Osicka N, Osicka R, Schuette J (1984)
Experimentelle und klinische Untersuchungen zur Wirksam-
keit von Ifosfamide bei refraktiren Neoplasien. Tumor Diag-
nost Ther 5: 39-43

13. Wilkinson PM, O’Neill PA, Thatcher N, Lucas SB (1983)
Pharmacokinetics of high-dose cyclophosphamide in patients
with metastatic bronchogenic carcinoma. Cancer Chemother
Pharmacol 11: 196—199

Réceived March 11, 1986/ Accepted July 23, 1986



