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Abstract

Oral chemotherapy agents have been animportant component of the treatment
of leukaemiafor many years. Obstacles such aspoor or erratic bioavailability and
noncompliance have often limited the utility of oral agents in the treatment of
leukaemia. However, recent evaluations of new or existing oral agents have ex-
panded the clinician’s options and understanding of the use of these drugsin the
treatment of leukaemia. One major advance is the use of tretinoin (al-trans
retinoic acid) in the treatment of acute promyelocytic leukaemia (APL).
Tretinoin, an oral vitamin A derivative that reverses abnormal differentiation in
APL isnow an essential component of first-linetherapy for APL, replacing stand-
ard intravenous chemotherapy induction regimens. Other advances include an
increased understanding of the pharmacokinetic and pharmacodynamic profile
of oral chemotherapy agents such as etoposide and high dose busulfan, allowing
for modifications or individualisation of administration regimens to enhance ef-
ficacy or minimisetoxicity. Evaluations of noncompliancewith oral agentsinthe
treatment of leukaemia have also provided the clinician with important informa-

tion on how this obstacle to oral therapy may be overcome or minimised.

Oral chemotherapy agents have been an essen-
tial component of the treatment of leukaemia, par-
ticularly chronic leukaemias, for many years. Oral
agents such as busulfan, hydroxycarbamide (hy-
droxyurea), chlorambucil, and prednisone have
long been used as standard treatments for chronic
myel ogenous leukaemia (CML) and chronic lym-
phocytic leukaemia (CLL). During the past several
years, there has been a renewed interest in the use
and development of oral chemotherapy agents in
thetreatment of leukaemia. Theoral agent tretinoin
(al-trans retinoic acid) has markedly changed the
clinician’s approach to the treatment of acute pro-
myelocytic leukaemia (APL). Orally administered
tretinoin is now part of first-line induction therapy

for this subclass of acute myelogenous leukaemia
(AML).

Other evidence of arenewed interest in the use
of oral chemotherapy is the increased volume of
clinical trials with orally administered agents. Re-
cent investigations have attempted the following:
to better define the pharmacokinetic and pharma-
codynamic profiles of various chemotherapy
agents after oral administration; to understand the
issues surrounding, and improve upon, patient
compliancewith orally administered agents; and to
explore new oral formulations with the aim of im-
proving efficacy and/or decreasing toxicity. Nu-
merous factors have influenced this renewed inter-
est in oral chemotherapy, but major factorsinclude
potential pharmacoeconomic advantages of oral
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agents over intravenous agents and potentially
enhanced quality of life. Table I lists various ora
chemotherapy agents, their application in the
treatment of leukaemia, and recent investigations
of the use of these agents to treat these diseases.

1. Advantages and Disadvantages of
Oral Chemotherapy Agents

Just asthe clinician must consider certain issues
when prescribing intravenous therapy, such as ap-
propriate scheduling based on pharmacokinetic
and pharmacodynamic properties and obtainingin-
travenous access, other issues such as bioavail abil-
ity and compliance must also be considered when
prescribing oral therapy aspart of cancer treatment.
Pharmacokinetic variations of oral agents, particu-
larly with respect to bioavailability, have histori-
cally limited the application of these agents in
cancer patients. Erratic absorption occurswith nu-
merous commonly used drugs. The bioavailability
profiles of drugs such asaciclovir and cyclosporin,
which are often unpredictable in the general pa-
tient population, may be even more erratic in can-
cer patients.[*2 Such drugs may require periods of
intravenous administration in order to ensure that
plasma concentrations are sufficient to achieve the
desired therapeutic effect.[

Table I. Oral agents for treatment of leukaemia

In general, intestinal absorption and entero-
hepatic metabolism pathways control the degree of
bioavailability of an oral agent.®! In cancer pa-
tients, the pharmacokinetic profile of etoposide
demonstratesthe variability of absorption that may
be seen with oral chemotherapy agents and must be
considered when prescribing oral agents to treat
leukaemia. For example, etoposide exhibits satura-
ble absorption, a property that can influence the
degree of absorption and may influence the ex-
pected outcome observed at various doses. At
lower dosages of oral etoposide (100 mg/day), bio-
availability is approximately 75%; at higher dos-
ages (400 mg/day), thisdecreasesto approximately
45%.1 A linear increasein bioavail ability hasbeen
described for doses up to 200mg, with saturable
absorption kinetics observed at higher doses.[®!
Thus, it is most likely that higher doses of oral
etoposide will not provide additional benefit
compared with lower doses because of the rel-
atively similar patient exposures between doses.
Absorption may also be limited by variations in
the stability of oral agents at gastric or intestinal
pH, which should be considered when prescribing
oral agentsto cancer patients.

I ntestinal metabolic pathways such astheintes-
tinal cytochrome P450 (CY P) system, particularly

Oral agent Clinical applications Recent investigations and advances

Tretinoin Acute promyelocytic leukaemia Superior outcome when compared with intravenous chemotherapy; now
considered standard first-line therapy

Busulfan BMT (high dose) Alterations in pharmacokinetic and pharmacodynamic profile evaluated;
administration strategy modified on the basis of age and, potentially,
individual exposure

Chlorambucil Chronic lymphocytic leukaemia Recently compared to purine analogues as first-line or salvage therapy

Cladribine Chronic lymphocytic leukaemia Oral route of administration recently evaluated as first-line therapy

Etoposide Acute myelogenous leukaemia Etoposide phosphate formulation associated with higher bioavailability than

Hydroxycarbamide
(hydroxyurea)
Idarubicin
Mercaptopurine

Methotrexate

Thioguanine

Chronic myelogenous leukaemia
Acute myelogenous leukaemia
Acute lymphocytic leukaemia
Acute lymphocytic leukaemia

Acute lymphocytic leukaemia

conventional formulation

Associated with superior outcome when used as pre-BMT therapy
compared with busulfan pre-BMT therapy

When combined with oral etoposide, may provide treatment alternative for
elderly patients ineligible for aggressive intravenous induction therapy
Compliance monitoring and improvement strategies under evaluation;
evening administration schedule preferred

Oral route preferred for prolonged maintenance therapy; evening
administration schedule preferred

Compliance monitoring and improvement strategies under investigation

BMT = bone marrow transplantation.
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CY P3A4, may also influencethe bioavailability of
orally administered drugs. Oral chemotherapy
agents metabolised viathe CY P system are subject
to drug interactions that may significantly influ-
ence bioavailability and potential responseto ther-
apy. CYP3A4 isthe major component of the intes-
tinal P450 system and hasbeen documented to play
a role in the altered absorption of various drugs
used in cancer patients.[¥! Noted examples of this
interaction aretheability of CY Penzymeinducers,
such as rifampicin (rifampin), to decrease the ab-
sorption of cyclosporin, and of inhibitors, such as
fluconazole, to increase the absorption of cyclo-
sporin.[671 Such interactions can be clinically sig-
nificant, requiring therapeutic drug monitoring and
dose modifications. Etoposide is also metabolised
by the CYP3A4 system. When etoposide is co-
administered orally with ketoconazole, aCY P3A4
inhibitor, the area under the plasma concentration-
time curve (AUC) for etoposide is reported to in-
crease by 44%, demonstrating enhanced absorp-
tion due to blocked intestinal metabolism of
etoposide.8!

I'n addition to the pharmacokinetic and pharma-
codynamic properties of oral chemotherapy agents,
other less tangible properties may also substan-
tially influence the applicability of these agents.
Compliance with orally prescribed regimens has
been studied in various cancer patient popul ations.
In 12 patientswith small cell lung cancer who were
receiving low dose oral etoposide on an outpatient
basis, the overall compliance rate for the 25 treat-
ment periods was found to be 93%.[9! Noncompli-
ance among paediatric patientswith acute lympho-
cyticleukaemia(ALL) hasbeen notedto beashigh
as 30%, and may be a substantial contributing fac-
tor to late rel apses observedin this disease.[19 New
approaches such as electronic monitoring of pill
taking have been used to document and improve
compliance with oral agents.[*1-13] Other strategies
documented to enhance compliance with oral
agents include patient education, pill-taking exer-
cises, and psychological support.[10.14]

When selecting treatment for cancer patients,
pharmacoeconomic issues should a so be addressed
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if oral or intravenous routes of administration are
considered. Pharmacoeconomic eval uations of this
issue have been conducted in populations other
than cancer patients. In acomparison of oral versus
intravenousganciclovir in AIDSpatients, themean
total cost of therapy for oral administration was
approximately one-third less than the cost of intra-
venous therapy, which included the cost of admin-
istration time, infusion pumps, and central venous
catheter placement and management.[*5 Similar
cost savings could be envisioned in cancer patient
populations, particularly if the patient could avoid
hospitalisation or long clinic visits for administra-
tion of intravenous therapy. Of course, before sub-
stituting the oral route of administration for the
intravenous route on the basis of cost savings,
possible effects on efficacy, toxicity, and quality
of life should be considered.

Patient preference and quality of life must also
be considered when selecting the route of admin-
istration for a particular patient’s therapy. In a
study addressing patient preference in treatment
options of advanced malignancies, >90% of pa-
tients stated they would prefer oral over intrave-
nous administration if the 2 routes were similar in
efficacy and onset of response.[!8] Convenience,
patient control over their own environment, and
lack of need for intravenous access all contributed
to this preference. In addition, in the setting of pal-
liative therapy, orally administered drugs that en-
hance or help maintain quality of life will most
often provide the best option for patients.

2. Current Status of Oral
Treatment of AML

In general, therole of oral chemotherapy in the
treatment of AML hasbeen limited. Agentssuch as
etoposide may be administered oraly for paliative
therapy in multiply-relapsed or refractory patients,
or in those unable to tolerate aggressive intrave-
nous regimens. Hydroxycarbamide may be used in
patients who present with leucocytosis to initially
decrease the white blood cell count and reduce the
|eukaemic burden. More recently, the introduction
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Table Il. Use of tretinoin either alone or in combination with chemotherapy for induction of response in newly diagnosed acute promyelocytic

leukaemia
Reference No. of patients Total CR Tretinoin alone Tretinoin +
(%) (%) chemotherapy? (%)
Huang et al. 29 16 16 (100) 16 (100)
Fenaux et al.l?% 26 25 (96) 14 (54) 11 (42)
Fenaux et al.l?Y 54 49 (91) 14 (26) 35 (65)
Kanamaru et al.l3d 109 97 (89) 25 (23) 72 (66)
Avvisati et al.[] 20 18 (90) 18 (90)
Mandelli et al.[34] 240 229 (95) 229 (95)
Tallman et al.[3%] 172 124 (72) 124 (27)

a \Values reflect percentage of total number of patients receiving tretinoin.

CR = complete response.

of the oral differentiating agent tretinoin has
changed the approach to treatment of APL.

2.1 Use of Tretinoin in the Treatment of APL

Advances in clinical research have rarely im-
pacted on patient care as quickly or assignificantly
as the use of oral tretinoin for the treatment of pa-
tients with APL.[17] With the use of tretinoin, tu-
mour cells undergo maturation as patients achieve
a complete response (CR), thus avoiding treat-
ment-related complications of coagulopathy and
prolonged marrow aplasia. During the past decade,
its mechanism of action has been described and an
appropriate dose has been determined; however,
the most effective administration schedule for
tretinoin, combinations with cytotoxic chemother-
apy, and potential role in consolidation and/or
maintenance therapy have yet to be determined.

APL isadistinct subtype of AML characterised
by aspecifict(15:17) balanced chromosomal trans-
location.[18] At the molecular level, the t(15:17)
translocation results in the fusion of genes encod-
ing the retinoic acid receptor (RAR-alpha) and the
promyelocytic leukaemia (PML).[2®1 A hybrid
PML-RAR-apha mRNA is produced and trans-
lated into achimeric protein, which is presumed to
beinvolved in the pathogenesis of APL .[20

Clinicaly, APL is characterised by 2 morpho-
logically distinct forms. The more common hyper-
granular form of APL isusually associated with |eu-
copenia. A more aggressive form is described as the
microgranular variant (M3v) and is characterised

0 Adis International Limited. All rights reserved.

by significant hyperleucocytosis and scantly gran-
ulated blasts with bilobed nuclei. This latter form
accounts for 25 to 30% of newly diagnosed APL .[21]
APL typically presents with a life-threatening co-
agulopathy, which usually worsens with cytotoxic
therapy. In the past, with standard induction regi-
mens the incidence of early haemorrhagic deaths
was 10 to 20%.12224 |n patients with the M3y, the
risk of early haemorrhagic death isincreased. Even
though APL tendsto be very sensitiveto chemother-
apy, especially the anthracyclines daunorubicin
and idarubicin, the overall CR rate has not improv-
ed, primarily because of treatment-related deaths
associated with the haemorrhagic diathesis.
Retinoids derived from retinol (vitamin A) are
regulators of cell proliferation, differentiation and
embryonal morphogenesis.[?®! Interestingly, the
use of the retinol derivative tretinoin was shown
initially toinduce CR in patientswith resistant and
refractory APL and, more recently, in patientswith
newly diagnosed APL (table I1).[26-28]
Theseclinical resultswerefirst demonstrated in
China but have since been confirmed by severa
other groups.!26! Moreover, both invitro andin vivo
data indicate that the induction of CR by tretinoin
is associated with the differentiation of immature
neoplastic promyelocytes into mature granulo-
cytes, followed by the normal reconstitution of the
bone marrow and peripheral blood counts, as the
patient achieves CR.[26:27:38] |n addition, tretinoin
rapidly improvestheunderlying coagul opathy and
does not induce bone marrow aplasia, thereby
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reducing the incidence of fatal bleeding and sepsis
in the treatment of APL. Initially, various oral
doses ranging from 10 to 100 mg/m? of body-sur-
face area were used; no particular dose-effect cor-
relation was seen. Most clinical trials now use a
dose of 45 mg/m?, administered orally oncedaily or
in 2 equally divided doses.[29-35]

Two recent randomised trials in patients with
newly diagnosed APL confirmed the beneficial
role of tretinoin compared with cytotoxic chemo-
therapy for induction of remission. Fenaux et al .31
published results from amulticentre Europeantrial
in which 102 patients with APL were randomised
to receive tretinoin followed by daunorubicin and
cytarabine (ara-C) versus daunorubicin and
cytarabine alone. Once CR was achieved, 2 addi-
tional cycles of chemotherapy were administered.
Nosignificant differenceintheoverall CRratewas
observed (91% with tretinoin versus81% with che-
motherapy). There was a significant reduction in
the duration of coagul opathy in thetretinoin group,
and a significant improvement in disease-free
survival in patientsreceiving tretinoin fol lowed by
chemotherapy (79 vs 50%, p = 0.001). In another
trial, 346 patients were randomly assigned to re-
ceive either tretinoin or the combination of dauno-
rubicin and cytarabine as induction therapy.[35! Pa-
tients who achieved CR received 2 cycles of
consolidation, and those who continued to be in
remission following consolidation were rando-
mised to maintenance treatment with tretinoin or
to observation. The results of this study demon-
strated that tretinoin, given as either induction or
maintenance therapy, resulted in an improved
disease-free survival compared with cytotoxic che-
motherapy alone. Tretinoin given during induction
therapy did not improvetherate of CR or decrease
the early mortality, but its use did reduce the like-
lihood of relapse. The rate of CR with tretinoin in
this study (72%) was lower than the 91% rate re-
ported in the trial published by Fenaux et al.;[31
however, in that trial most patients assigned to
tretinoin also received standard chemotherapy to
control hyperleucocytosis and achieve CR.[313%]

0 Adis International Limited. All rights reserved.

Inthe early trialswith tretinoin and in thetrials
described above, hyperleucocytosis accompanied
by a‘tretinoin syndrome’ (characterised by fevers,
respiratory distress, radiographic infiltrates, pleu-
ra effusions, and weight gain) was seen in 10 to
25% of patients.[37] Clinical manifestations of the
leucocytosis and the syndrome were prevented by
treatment with full doses of chemotherapy and, in
some cases, use of dexamethasone.

Between 20 and 75% of patients treated with
tretinoin may require chemotherapy during induc-
tion therapy (table I1). In a pilot trial, 25 of 26
patients achieved CR with tretinoin; however, 11
of these patients required the addition of 3 days of
daunorubicin and 7 days of cytarabine (‘3 + 7’
course) when hyperleucocytosis emerged to pre-
vent leucostasis.[3% In arandomised trial in which
54 patients were allocated to the tretinoin group,
49 (91%) achieved CR.I31 However, only 14 (26%)
patientsachieved CR with tretinoin alone; 35 (65%
of the total) required tretinoin plus daunorubicin
and cytarabine. Kanamaru et al.[32 reported on a
multicentre trial where 109 patients with newly
diagnosed APL were treated with tretinoin. If pa-
tients had leucocyte counts >3 x 10%L or if the
peripheral counts began to rise on tretinoin treat-
ment, daunorubicin and cytarabine were added.
Overall, 97 (89%) achieved a CR; however, 72
(66% of the total) required the addition of chemo-
therapy to achieve a response.

The results of these trials suggest that the com-
bination of tretinoin and chemotherapy improves
the overall prognosis of this disease. Even before
the use of oral tretinoin, significant sensitivity of
APL to anthracycline drugs had already been es-
tablished. This sensitivity has been confirmed by a
retrospective analysis of the Southwest Oncology
Group, which demonstrated that increased doses
of daunorubicin led to improved disease-free
survival .[38 To improvethe‘ quality’ of the CR, 20
consecutive patients with newly diagnosed APL
weretreated by Avvisati et al .I3% with tretinoin and
idarubicin. After a median of 36 days, 18 of 20
patients achieved CR; the remaining 2 died on
days 12 and 34 from myocardial infarction and

Drugs 1999: 58 Suppl. 3
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from haemoptysis, respectively. The tretinoin syn-
drome was observed in only 2 patients, both of
whom recovered with appropriate treatment.
Mandelli et al.[34 recently reported on 274 patients
receiving this combination regimen of tretinoin
and idarubicin. At the time of analysis, 240 of the
253 patients were evaluable. Of these, 229 (95%)
had achieved ahaematol ogical response and 11 (5%)
had died of early complications. Of the 240 evalu-
able patients, only 6 (2.5%) had developed the
tretinoin syndrome.

It isnow clear that, in patientswith newly diag-
nosed APL, tretinoin appears to be the single most
effective agent. However, when it is used alone,
there appearsto be arelatively high risk of hyper-
leucocytosis and occurrence of the tretinoin syn-
drome as well as a significant relapse rate. There-
fore, patients should receivetretinoin for induction
therapy concurrently with chemotherapy, specific-
ally ananthracycline, either with the administration
of tretinoin or as soon asthewhite blood cell count
begins to increase. Consolidation chemotherapy
with an anthracycline appears to decrease the over-
all relapserate. Whether cytarabine adds any ad-
ditional benefit to an anthracycline alone needs
further evaluation. The role for tretinoin as mainte-
nance therapy needs further investigation, espe-
cially since acquired resistanceto tretinoin appears
to occur. Continuous daily treatment with tretinoin
is associated with a marked decrease in plasma
drug concentrations.

2.2 Treatment of the Elderly Patient with AML

Another area of recent investigation into the use
of oral chemotherapy agentsin AML isfor elderly
patients who may not be candidates for intensive
intravenous regimens. A regimen combining oral
idarubicin 30 mg/m?2 and oral etoposide 80 mg/m?
for 3 consecutivedaysfor 1to4 cycleswasrecently
evaluated in 28 elderly patients considered unsuit-
ablefor standard intensiveinduction treatments.[39
CR was achieved in 36% of patients, with a me-
dian survival of 9 months in those achieving a
CR. Theregimenwaswell tolerated and associated
with only minor nonhaematol ogical toxicity. After

0 Adis International Limited. All rights reserved.

administration of the first course in the hospital,
40% of subsequent courses were administered on
atotally outpatient basis. On the basis of these data
describing a well tolerated and effective oral regi-
men for elderly patients with AML, additional in-
vestigations were undertaken to study the phar-
macokinetics of oral idarubicin in an attempt to
develop a model that could enhance clinical out-
come or limit toxicity.l“?! A pharmacokinetic study
in 9 patients demonstrated substantial interpatient
variation in absorption, resulting in awide range of
observed AUCs for idarubicin and its main meta-
bolite, idarubicinol. More importantly, the study
demonstrated a good correlation between the 24-
hour trough concentration and AUC. Thus, the 24-
hour trough concentration could serve as a quick
and easy estimate of individual patient absorption
and potentially serve as a monitoring parameter to
individualise therapy. Other agents being evalu-
ated in the elderly AML population include new
oral formulations of cytarabine and combinations
of subcutaneous cytarabine with oral thioguanine
that can be safely administered in the outpatient
setting.[41-43]

3. Current Status of Oral
Treatment of ALL

Oral mercaptopurine, thioguanine, and metho-
trexate are standard agents used in the treatment of
ALL, particularly in the paediatric population re-
ceiving prolonged regimens and not undergoing
transplantation. Recent investigations to enhance
oral therapy have focused on the issues of compli-
ance, schedule, and comparisons with intravenous
routes of administration. Because patients with
ALL, including the paediatric population, require
prolonged treatment with oral agents, noncompli-
ance may have a substantial impact on outcome.
Rates of noncompliance with oral medications in
children with ALL vary from areported 2 to 30%,
asevidenced by no to minimal measurable mercap-
topurine metabolites noted in several studies.[*1:44]
Another evaluation found that 33% of patientstook
less than 90% of their prescribed regimen, accord-
ing to electronic measurements of compliance.[11:44
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In addition, these data indicate a trend towards a
higher compliance rate with evening administra-
tion.[!! Lilleyman and Lennard!% suggest that
children undergoing ALL maintenance treatment
with oral mercaptopurine and methotrexate may be
best served by regular measurement of antimetab-
olite drug concentrations to monitor compliance.
Such an approach would allow intervention to
improve compliance and attempt to decrease late
relapses.

Other investigations into oral therapy in ALL
have al so addressed the schedul e of administration
of medications, particularly ora mercaptopurine
and methotrexate. A recent study evaluated theim-
pact of morning versus evening administration of
mercaptopurine and methotrexate, and the effect of
coadministration of these drugs with food on re-
lapsein children with ALL .13 Multivariate analy-
sis demonstrated that patients receiving these
drugs on an evening administration schedule fared
better, with a higher probability of event-free sur-
vival. Coadministration with food had no impact
onrelapse. Also, an inferior outcome was noted in
patients with lower concentrations of intracellular
cytotoxic metabolites, although the value of indi-
vidual dose adjustment based on these concentra-
tions remains unknown.

With respect to methotrexate, several studies
have attempted to define the preferred route of ad-
ministration during intensification, consolidation,
and maintenance regimens for ALL. For intensifi-
cation, Mahoney et al.l*¢! reported that intermedi-
ate dose intravenous methotrexate is superior to
low dose oral methotrexate for prevention of re-
lapse. For consolidation and maintenance, how-
ever, studies suggest that low dose oral regimens
are as effective as intermediate dose intravenous
regimens.[47:48l

4. Current Status of Oral
Treatment of CML

Hydroxycarbamide and busulfan represent the
historical treatment standardsfor initial therapy for
CML. These regimens are rarely curative but pro-
vide good symptom and blood count control. More
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recently, interferon-a (IFNa), administered subcu-
taneously, has replaced these oral agents as first-
line non-transplant therapy for most young pa-
tients or elderly patients with good performance
status. Some data suggest that prolonged IFNa
treatment prior to transplantation may adversely
affect the outcome of allogeneic unrelated donor
transplantation.[?] Thus, there may be renewed in-
terest in the use of these oral agents for patients
who are likely to have such transplants. In this re-
spect, it is important to review data outlining the
outcome following allogeneic transplantation
based on pre-transplant hydroxycarbamide versus
busulfan.l5% While overall response rates were
similar with these 2 agents, transplant-related
toxicity wassignificantly higher in patientsreceiv-
ing pre-transplant busulfan. Hydroxycarbamide is
thus the preferred agent for initial control of CML
in patients considered to be poor candidates for
first-line interferon.

5. Current Status of Oral
Treatment of CLL

The combination of chlorambucil and pred-
nisone, both administered orally, has been the
standard of care for many years when treating ad-
vanced-stage or symptomatic CLL. During the past
few years, many clinicians have explored a more
aggressive approach to the treatment of CLL, with
use of intravenously administered purine ana-
logues such as fludarabine or cladribine for first-
line treatment or treatment of refractory disease.
While comparative data suggest that purine ana-
logues are superior or at least equal in efficacy
to conventional chlorambucil and prednisone,
these regimens generally require several days of
short or continuous intravenous infusions.
Given theindolent course of CLL and the primar-
ily elderly population with this disease, interest
in developing an oral purine analogue regimen
(specifically cladribine) prompted a pharmacoki-
netic study to evaluate its bioavailability.[51 An
absolute bioavailability of 37 to 50% was observ-
ed in pharmacokinetic studies for cladribine, with
linear, predictable absorption and disposition
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characteristics, suggesting the oral route of admin-
istration warranted further investigation. In pre-
viously untreated CLL patients, oral cladribine for
5 consecutive days every month resulted in CR and
partial response rates of 38 and 37%, respectively,
and an overall survival rate of 82% at 2 years.[52
While these response data were acceptable and at
least comparable to those with other regimens, se-
rious infectious toxicity occurred in one-third of
patients. Such rates of infection may affect quality
of life, particularly when this type of regimen is
administered for prolonged periods of time. Given
the correlation observed between cladribine AUC
and the degree of neutropenia, Liliemark et al.[53
developed and evaluated a limited sampling strat-
egy for estimation of cladribine AUC. Such strate-
gies may eventually allow for individualisation of
the cladribine dose, thuslimiting treatment compli-
cations such as infections.

6. Current Status of Oral Chemotherapy
in Blood and Bone Marrow
Transplantation

High dose ora busulfan is a commonly used
component of the transplant preparative regimens
administered to patients with haematologica ma-
lignancies undergoing autologous or alogeneic
blood or marrow transplantation. Currently, busul-
fan is marketed only as an oral formulation in the
US, although intravenous formulations are under
development. Oral administration of high dose bu-
sulfan represents a unique dilemma, requiring an
understanding of its pharmacokinetic and pharma-
codynamic profiles, both of which have recently
been explored extensively. After high dose admin-
istration, busulfan disposition exhibits wide in-
trapatient and interpatient variability dueto anum-
ber of factors, including age, hepatic function,
circadian variations, and drug interactions.[35455]

When high fixed doses of busulfan were used,
particularly in children receiving doses on an
mg/kg basis, wide interpatient variability in both
response and toxicity has been reported.[56.57]
Investigation into this phenomenon revealed that
infants and young children handle high dose
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busulfan differently and more unpredictably than
adultsreceiving similar doses.[56:57] |[n many cases,
children were exposed to less drug than adults
given similar doses, because of the more rapid
clearance in children. On the basis of these data,
high dose busulfan in children wasinvestigated us-
ing an mg/m? approach to administration, specific-
ally, 40 mg/m? every 6 hoursfor atotal of 16 doses
rather than 1 mg/kg every 6 hours for 16 doses.[58]
This administration strategy resulted in higher ex-
posures to busulfan than when administered on an
mg/kg basis, and also in exposures similar to those
observed in adults with acceptable toxicity.[58 An-
other new administration strategy for high dose bu-
sulfan in children is the administration of higher
single daily doses rather than 4 divided doses per
day.!5¥ Thisadministration strategy produced total
busulfan exposures similar to those seen in adults.
In the future, such an administration strategy may
facilitate the delivery of high dose busulfan on an
outpatient basisto selected patients.

The disposition of high dose busulfan after oral
administration has al so been extensively studied in
adults.[5+6% |n addition to observations of wide
interpatient variability and, to a lesser degree, in-
trapatient variability, some studies in adults also
suggest acorrelation between toxicity [particularly
hepatic veno-occlusive disease (VOD)] and in-
creased busulfan exposure as measured by the
AUC.[60-63] Decreased busulfan exposure, as mea-
sured by the AUC or steady-state concentration,
has also been associated with an increased risk of
graft rejection and relapse.l5264 Such data have
prompted some centres to incorporate indivi-
dualised administration of high dose busulfan based
on pharmacokinetic monitoring of the AUC. While
the clinical benefit of such an individualised ad-
ministration approach is debatable,[566] Grochow
et al. did report a decreased incidence of VOD in
patients receiving individually adjusted doses of
high dose busulfan targeted to achieve a desired
AUC.I87 Although monitoring of busulfan plasma
concentrations is not the standard of care in all
transplant centres, it does represent the potential of
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such an approach when using oral chemotherapy
agents.

7. Conclusion

Even though recent advances have expanded

the role of oral chemotherapy agents in the treat-
ment of leukaemia, continued investigations into
how to enhancethe applicability of oral therapy are
warranted. To minimise therisk of relapse, further
definition of the duration and schedule of tretinoin
asfirst-linetherapy for APL isalso needed. Pharma-
coeconomic and quality-of-life evaluations will
also be essential to help further delineate the most
appropriate role of oral therapy in the treatment of
leukaemia.
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