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Abstract Objective: To define the optimal dosage regimen of teicoplanin that ensures early
therapeutically relevant trough concentrations (Cmin) [>10 mg/L at 24 hours and
possibly close to 20 mg/L at 48 hours] in patients with acute leukaemia who
develop febrile neutropenia after chemotherapy.

Design: Prospective observational pharmacokinetic study.

Participants: Adult patients (n = 33) with normal renal function previously
treated with antineoplastic chemotherapy because of acute lymphocytic or acute
nonlymphocytic leukaemia, and subsequently developing febrile neutropenia
treated with empirical antimicrobial therapy.

Design: First, the standard dosage group (n = 11) was administered standard
loading and maintenance doses of teicoplanin (400mg every 12 hours for three
doses followed by 400mg once daily). Blood samples were collected at defined
times as part of routine monitoring and assessed for teicoplanin plasma concentra-
tion by fluorescence polarisation immunoassay. Secondly, the high dosage group
(n = 22) received a high loading regimen (800 + 400mg 12 hours apart on day 1,
600 + 400mg 12 hours apart on day 2) followed by a high maintenance regimen
(400mg every 12 hours) from day 3 on.

Results: In the standard dosage group, no patient had the recommended teico-
planin Cmin of ™0 mg/L within the first 72 hours, and only five of the 11 patients
(45%) had a Cmin of ™0 mg/L after 120 hours. No patient had a Cmin of ™20 mg/
L. In the high dosage group, teicoplanin Cmin averaged ™ 0 mg/L within 24 hours,
and this value was achieved within 48 hours in all but one patient. Of note, Cmin at
72 hours exceeded 20 mg/L in ten of the 22 patients (45%). No patient experi-
enced significant impairment of renal function.

Conclusions: In this patient group, therapeutically relevant Cmin may be achieved
very early in the treatment period with loading doses of 12 mg/kg and 6 mg/kg 12
hours apart on day 1, and 9 mg/kg and 6 mg/kg 12 hours apart on day 2, regardless
of renal function. Subsequently, in patients with normal renal function a mainten-
ance dosage of 6 mg/kg every 12 hours may be helpful in ensuring Cmin close to
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20 mg/L. Assessment of Cmin after 4872 hours may be useful to individualise
teicoplanin therapy. Factors increasing volume of distribution and/or renal clear-
ance of teicoplanin (fluid load, hypoalbuminaemia, leukaemic status) may explain

the need for higher dosages.

Patients with haematological malignancies are
immunocompromised hosts with a high risk of de-
veloping life-threatening bacterial infections. In the
last 20 years, the aetiology of bacterial infections in
haematological patients has changed substantially,
with Gram-positive micro-organisms progressively
increasing and exceeding Gram-negative bacteria,
which were the most frequently involved agents in
the late 1980s.1! This upward trend of Gram-posi-
tive bacteria may be related to several factors, in-
cluding: (i) antimicrobial prophylaxis with oral
fluoroquinolones;?! (i) the wide empirical use
during the nadir of the neutropenic period of
third-generation cephalosporins directed against
Gram-negative organisms; and (iii) the frequent use
of indwelling central venous catheters.!

For Gram-positive bacteremia in neutropenic
haematological patients, a major role for a
glycopeptide (teicoplanin or vancomycin) in the
antimicrobial regimen, as either first- or second-line
therapy, has been advocated by several authors.[*
Since meticillin-resistant staphylococci may be re-
sponsible for increased infection-related mortality
rate in haematological patients,’>”] undertreatment
with teicoplanin may be of great concern in this
setting. Additionally, several antibacterials are
known to present unusual pharmacokinetic beha-
viour in haematological patients. Higher than expec-
ted dosages of both aminoglycosides!®!'!! and cef-
tazidime,!'?! mainly due to increased volume of dis-
tribution and/or renal clearance, were needed to
ensure therapeutic concentrations of these hydro-
philic antibacterials in febrile neutropenic patients.
Similar results were also observed with the glyco-
peptides. De Gatta et al.l'3] showed that higher dos-
ages of vancomycin were needed for the treatment
of febrile neutropenic patients. Likewise, in a popu-
lation pharmacokinetic study, Lortholary and co-
workers!!Y estimated that 62% of patients with
haematological malignancies receiving standard
dosages of teicoplanin had trough concentrations
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(Cmin) at 48 hours of <10 mg/L, mainly as a result of
increased renal clearance.

Additionally, in a retrospective study!'> involv-
ing more than 200 critically ill patients, we have
recently shown that the lack of appropriate loading
may be a major cause of significant underexposure
to teicoplanin (Cmin < 10 mg/L) early in the treat-
ment period in severely ill patients, this probably
being a cause of clinical failure for teicoplanin ther-
apy. Of note, this delay in achieving a therapeuti-
cally relevant Cmin of teicoplanin might be of major
concern when using standard doses in patients with
acute leukaemia, since the potentially increased vol-
ume of distribution and/or renal clearance might
contribute to lowering Cmin.

Although a teicoplanin Cmin of 10 mg/L is gener-
ally accepted as the standard of care, particularly for
combination therapy, a Cmin of >20 mg/L is cur-
rently recommended for some settings, namely for
teicoplanin monotherapy!'®! and/or for the treatment
of Staphylococcus aureus endocarditis and bone or
prosthetic infections.!"”-2% In a retrospective study,
MacGowan et al.?'?21 showed that favourable clin-
ical outcome of S. aureus-related deep infections
treated with teicoplanin was associated with Cmin
values of >20 mg/L. Recently, Weinbrein and
Struthers,?*! commenting on the possible causes of
the emergence during teicoplanin therapy of meticil-
lin-resistant S. aureus with reduced susceptibility,
proposed that higher than currently recommended
dosages of teicoplanin, targeted to a Cmin of 20
mg/L, might be beneficial for the treatment of S.
aureus septicaemia, particularly when less suscep-
tible micro-organisms with a minimum inhibitory
concentration (MIC) close to the breakpoint for
teicoplanin may be involved.

Accordingly, considering the worrying emer-
gence in patients with acute leukaemia of coagu-
lase-negative staphylococci with reduced suscepti-
bility to teicoplanin,?*?" we believe that this higher
threshold for teicoplanin might be also beneficial for
this special population, when multiresistant,
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Gram-positive-related, deep-seated infections due to
S. aureus and/or to other micro-organisms with re-
duced susceptibility may be the concern.

Finally, patients with acute leukaemia, due to
their immunosuppressed status, probably need
higher dosages of teicoplanin for successful out-
come,!'¥ as suggested also by experimental animal
data showing that teicoplanin dosages required to
protect mice challenged with S. haemolyticus were
4-fold higher in immunocompromised than in nor-
mal animals.?8!

On these bases, we planned a pharmacokinetic
study to define the appropriate dosage regimen that
ensures early therapeutically relevant Cmin of teico-
planin in patients with acute leukaemia.

Patients and Methods

Patients

This study was carried out in haematological
patients previously treated with antineoplastic
chemotherapy because of acute lymphocytic or
acute nonlymphocytic leukaemia. Patients were eli-
gible for empirical antimicrobial therapy if they had
a severe neutropenia with a cell count <100/mm3
and an expected duration of >5 days, and had a fever
of unknown origin >38.5UC on one occasion or
>38UC on at least two occasions. Criteria for inclu-
sion of anti-Gram-positive coverage with teico-
planin in the first-line broad spectrum combination
therapy were: (i) previous prophylaxis with a fluoro-
quinolone;?! (ii) presence of central venous
catheterisation;?! and/or (iii) grade 3 or 4 muco-
sitis.[®l All patients were administered teicoplanin
therapy for the first 72 hours. Afterwards, if Gram-
positive bacteria susceptible to teicoplanin were iso-
lated from normally sterile sites and/or a deferves-
cence was documented within 72 hours, teicoplanin
therapy was continued for at least 8 days. On the
other hand, whenever Gram-negative bacteria and/
or yeasts and/or moulds were isolated, teicoplanin
therapy was withdrawn. The study was approved by
a review board and informed consent was obtained
from each patient.
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Study Design

Considering that appropriate loading doses are
mandatory to enable early optimal exposure (Cmin >
10 mg/L) with teicoplanin,!'*!321 and that Cpin >20
mg/L have been advocated with the intent of ensur-
ing successful treatment of Gram-positive-related
sepsis with teicoplanin!'619-20.2223281 and of prevent-
ing the emergence of breakthrough resistance for S.
aureus in severely ill patients,'”)) the objectives of
our study were to identify what loading dosages of
teicoplanin may enable early therapeutically rele-
vant Cmin exceeding 10 mg/L and approaching 20
mg/L in acute leukaemic patients, and what main-
tenance doses must subsequently be administered in
patients with normal renal function to maintain these
concentrations.

Standard Dosage Group

In Italy, as in many other countries, the licensed
dosage of teicoplanin for severe infections in pa-
tients with normal renal function is three loading
doses of 6 mg/kg every 12 hours followed by a
maintenance dose of 6 mg/kg every 24 hours, irre-
spective of the underlying disease. Consistently, in
the first part of the study (carried out at the Division
of Haematology of Bolzano General Hospital), in
order to assess the exposure ensured by this standard
dosage regimen of teicoplanin, a group of leukaemic
patients with normal renal function (n = 11) was
administered standard loading and maintenance
doses of teicoplanin (400mg every 12 hours for
three doses followed by 400mg once daily. The
administration procedure was intravenous infusion
over 15 minutes) [figure 1].

Exclusion criteria were: age >75 years; creatinine
clearance (CLcRr) estimated on the basis of the
Cockcroft and Gault formula®”! <50 mL/min; pres-
ence of extensive pleural, pericardic or peritoneal
effusions; previous teicoplanin therapy in the former
14 days. Blood samples for therapeutic drug moni-
toring (TDM) of plasma concentrations were col-
lected at the following defined times: 1 hour after
the first dose to assess peak plasma concentration
(Cmax), and at 12, 24, 48,72, 96, 120 and 144 hours
to assess Cmin. Since standard teicoplanin doses
were not expected to induce overexposure in pa-
tients with normal renal function,!'” in order to
better appreciate the Cmin achievable at or near
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Fig. 1. Dosage regimen of teicoplanin during the first 3 days of
therapy in the standard (n = 11) and the high (n = 22) dosage
groups, respectively.

steady state with this standard regimen, no dosage
adjustment based on TDM results was performed in
this group.

High Dosage Group

Because with the standard teicoplanin regimen
no patient appeared to have adequate Cmin values
(see the Results section), the second part of the study
was subsequently carried out at the Division of
Hematology of the Udine University Hospital.

To define the new dosage regimen, sparse data
obtained from the multiple-trough sampling of the
standard dosage group were used to estimate the
population pharmacokinetic parameters of teico-
planin by means of P-Pharm version 5.1 software
(Innaphase, Champs sur Marne, France). Akaike’s
information criterion™! was used to discriminate
among models and a two-compartment open model
with first-order elimination was chosen. The esti-
mated parameters (table I) suggested that in patients
with acute leukaemia, similar to the findings of
Lortholary et al.'"¥ in a previous population pharma-
cokinetic study, both clearance and volume of distri-
bution show very high interindividual variability
and may be increased.

Accordingly, two loading doses of 12 mg/kg
every 12 hours were estimated as appropriate to
achieve teicoplanin Cmin values exceeding 10 mg/L
and approaching 20 mg/L early in the treatment
course. However, although teicoplanin is only mod-
erately nephrotoxic, the drug burden of these pa-
tients often includes several nephrotoxic drugs such
as amphotericin and aminoglycosides and, in order
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to limit further toxicity and to meet clinicians’ wish-
es, a more conservative combination of loading
doses was chosen (800 + 400mg 12 hours apart on
day 1, and 600 + 400mg 12 hours apart on day 2;
figure 1) in this second group of leukaemic patients
(n = 22).

Subsequently, from day 3 on, considering the
higher clearance of teicoplanin and the larger inter-
individual variability estimated in our haematologi-
cal patients (0.86 L/h, coefficient of variation [CV]
of 38%) than in healthy volunteers (0.73 L/h, CV of
11%),'4 higher maintenance doses of 400mg every
12 hours were administered in order to ensure sus-
tained Cmin values close to 20 mg/L.

The 2 : 1 sample size of the high dosage (test)
group and the standard dosage (control) group (n =
22 vs 11) was chosen considering that sparse data
about Cmin in haematological patients treated with
standard doses of teicoplanin have recently become
available in the literature!'*?°! and that in this way
much more information would be gathered for the
high dosage group. Despite the theoretically long
elimination half-life of teicoplanin due to its high
plasma protein binding,®? the total daily dosage of
teicoplanin was divided into two doses with the
intent of ensuring the highest possible Cmin, since
the frequent hypoalbuminaemia of leukaemic pa-
tients'*}! may be responsible for both a more rapid
distribution and a higher clearance of teicoplanin.

Exclusion criteria and teicoplanin sampling times
were the same as for the standard dosage group, but
in this group adjustment of teicoplanin therapy
according to the TDM results was allowed from
day 3 on with the purpose of maintaining the desired
Cmin between 20 and 30 mg/L.

This approach was based on previous clinical
findings,?>?¥ but it was also consistent with the

Table I. Population pharmacokinetic parameters in neutropenic

patients. Data are expressed as means (% coefficient of variation)

CL (L/h) Ve (L) k12 (h*) ka1 (ht) Reference

0.86 (38) 7.31 (16) 1.21 (20) 0.07 (43) Present
study

0.88 (43) 5.75 (33) 1.08 (34) 0.14 (30) Lortholary
et al.l4l

CL = total body clearance; k12 = transfer rate constant from central
to peripheral compartment; k21 = transfer rate constant from
peripheral to central compartment; V¢ = volume of distribution of the
central compartment.
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principles of pharmacodynamics. Teicoplanin is a
time-dependent bactericidal antibacterial whose
efficacy is mainly related to the time during which
plasma concentrations persist above the MIC for the
bacterial aetiological agent (time > MIC).[34

To evaluate the influence of teicoplanin therapy
on renal function, at baseline and then daily, an
assessment of serum creatinine concentration was
performed, and CLcRr was estimated on the basis of
the Cockeroft and Gault formula.®” Significant re-
duction in renal function was defined as an increase
in serum creatinine of ™).5 mg/dL or a reduction of
CLcRr by <30 mL/min.

Analytical Procedures

After centrifugation, plasma samples were stored
frozen at 80 UC and subsequently analysed at the
Institute of Clinical Pharmacology and Toxicology
of the University of Udine by means of a fluores-
cence polarisation immunoassay (FPIA) [Opus Di-
agnostics, Fort Lee, NJ, USA] using a TDx analyser
(Abbott, Rome, Italy).?33¢1 The interday and in-
traday CVs of the assay were less than 10%.

Statistical Analysis

The Kolmogorov-Smirnov test was performed to
assess whether data were normally or non-normally
distributed. Accordingly, descriptive data were ex-
pressed as mean  SD or as median and range.
Statistical analysis comparing data between groups
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were performed using a parametric (unpaired Stu-
dent’s t-test) or a nonparametric test (Mann-
Whitney Rank Sum Test) for normally or non-nor-
mally distributed data, respectively, by means of
SigmaStat software (SPSS Science Software
GmbH, Erkrath, Germany). A value of p < 0.05 was
required to achieve statistical significance.

Results

The characteristics of the 33 leukaemic patients
involved in this study, 11 in the standard dosage
group and 22 in the high dosage group, respectively,
are shown in table II. No statistically significant
differences in age, sex, bodyweight and al-
buminaemia occurred between the two groups,
whereas significantly lower serum creatinine con-
centrations, and consequently higher estimated
CLcR, were observed either at baseline or in the
following days in the high than in the standard
dosage group.

Hypoalbuminaemia (defined as albuminaemia
<3.5 g/dL) was present in 68% and 63% of patients
in the high and in the standard dosage groups, re-
spectively. Intravenous fluid load averaged 1800
and 2700 mL/day in the high and in the standard
dosage groups, respectively, this difference being
mainly due to the higher number of patients receiv-
ing total parenteral nutrition in the latter group.

Mean total teicoplanin dosages administered in
the high and the standard dosage group, respec-

Table Il. Patient characteristics at baseline. Data are expressed as means § SD

Parameter Standard dosage (n = 11) High dosage (n = 22) p-Value
Age (years) 45 B3 11 48 B 15 0.591
Sex (male/female) 6/5 12/10

Weight (kg) 67.3 B 14.4 68.0 B 13.5 0.900
Albuminaemia (g/dL) 3.3B 0.6 32p04 0.585
Serum creatinine (mg/dL) 0.96 B 0.22 0.67 B 0.19 <0.001
CLcr (mL/min/kg) 1.34 3 0.28 1.92 § 0.65 0.008
Body temperature (UC) 38.38 1.1 38.2B 0.5 0.136
Underlying disease 3 ALL, 8 ANLL 4 ALL, 18 ANLL

Days with teicoplanin therapy 8 (8-9)2 6 (3-11)2 0.001

Concomitant antibacterials

7 piperacillin/tazobactam + amikacin; 3

22 ceftazidime

ceftazidime + amikacin; 1 meropenem +

amikacin

a Median and range.

ALL = acute lymphocytic leukaemia; ANLL = acute nonlymphocytic leukaemia; CLcR = estimated creatinine clearance by means of the

Cockcroft and Gault formula.
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tively, were 18.4 and 12.5 mg/kg on day 1, 15.3 and
6.2 mg/kg on day 2, and 12.6 and 6.2 mg/kg/day
during the maintenance period. The median days of
teicoplanin therapy for the high and the standard
dosage groups, respectively, were 6 and 8.

Mean B SD teicoplanin Cmax observed after the
first dose, and Cmin observed during the overall
treatment period in the two study arms, are shown in
figure 2. At all TDM sampling times, teicoplanin
plasma concentrations were significantly higher (p <
0.001) in the high than in the standard dosage group.
In the standard dosage group, despite the lower
average CLCR, no patient presented with Cmin of
™0 mg/L within the first 72 hours, and only 5 out of
11 (45%) exceeded this recommended threshold
after 120 hours. The difference in mean estimated
CLcRr between the standard and the high dosage
groups could make comparison of these results diffi-
cult. However, since the patients in the standard
dosage group had lower CLcR, they would be ex-
pected to have slower elimination of teicoplanin.
Despite this, most of them (10 out of 11) did not
exceed the Cmin threshold of 10 mg/L after 96 hours
of repeated administration. This suggest that in the
presence of higher CLcR, as observed in the high
dosage group, Cmin values with standard dosages

Pea et al.

would have been even lower, further supporting the
necessity for higher teicoplanin dosages.

In the high dosage group, teicoplanin Cmin aver-
aged ™0 mg/L within 24 hours (the percentage of
patients with Cmin ™10 mg/L was 18.2% [4/22] after
the first loading dose and increased to 59.1% [13/22]
after the second loading dose), and this value was
achieved in all but one patient within 48 hours. In
the high dosage group, Cmin at 72 hours exceeded 20
mg/L in 45.4% of cases (10/22). In patients having a
Cmin at 72 hours of <20 mg/L and continuing with
teicoplanin therapy (6/22), the daily maintenance
dosage was increased to 500 or 600mg twice daily
(corresponding to 13.16 and 18.75 mg/kg/day), so
that Cmin exceeded 20 mg/L in 50% (8/16) and 90%
(9/10) of cases at 96 and 120 hours, respectively. On
the other hand, in one patient, mainly due to a low
bodyweight (47kg), the 400mg twice daily mainten-
ance dosage of teicoplanin caused a Cmin of 31.6
mg/L, so that the maintenance dosage was reduced
to 300mg twice daily (corresponding to a reduction
in dosage from 17.0 to 12.8 mg/kg/day), with the
intent of enabling appropriate comparison of her
teicoplanin Cmin with those of the other patients
continuing to receive twice daily administration be-
cause of hypoalbuminaemic status.
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Fig. 2. Plasma teicoplanin concentrations during the overall treatment period in the standard and the high dosage groups. Values are
means B SD. The horizontal broken lines show the minimum recommended trough concentration (Cmin) for the standard of care (10 mg/L)
and the suggested Cmin for immunocompromised hosts (20 mg/L). * indicates a statistically significant difference (p < 0.001); 1 indicates

peak concentration at 1 hour after the first dose.
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A moderate to good inverse linear relationship
between teicoplanin Cmin and estimated CLcR was
observed at all the TDM sampling times in both
groups (r between 0.48 and 0.67), no clear relation-
ship between teicoplanin Cmin and either al-
buminaemia or fluid load was found.

Interestingly, despite the administration of high
loading doses, one patient in the high dosage group
presenting with high estimated CLcRr of between
140 and 172 mL/min, hypoalbuminaemia of 2.6
g/dL and receiving a high daily intravenous fluid
load of 15002000mL, at the end of the loading
period had very low teicoplanin Cmin (7.6 mg/L at
48 hours) which increased to therapeutically rele-
vant concentrations (17.5 mg/L at 120 hours) only
after increasing the maintenance dosage up to
600mg twice daily for 3 days (corresponding to a
dosage of 18.8 mg/kg/day). This suggests that the
interindividual pharmacokinetic variability of teico-
planin in this special population could not always be
efficaciously predicted.

No patient in the standard or high dosage groups
experienced significant renal impairment during or
after teicoplanin treatment (figure 3). An appropri-
ate evaluation of haematological adverse effects
(drug-related thrombocytopenia) was not possible
because of the particular setting of the studied popu-
lation (presence of severe pancytopenia related to
the antineoplastic chemotherapy).

Discussion

Our findings suggest that in patients with acute
leukaemia higher than currently recommended load-
ing doses of teicoplanin may be appropriate in order
to enable early therapeutically relevant Cmin. Subse-
quently, in patients with normal renal function,
higher maintenance dosages should be administered
to maintain highly effective Cmin.

The results of the standard dosage group suggest
that the standard regimen of teicoplanin will lead to
much lower concentrations in patients with acute
leukaemia than in healthy volunteers.’” Interest-
ingly, comparing concentrations obtained after the
first 400mg intravenous dose in our patients with
those found after a single 400mg intravenous dose in
our previous study in healthy volunteers,38! even
though the two groups were comparable in terms of

© 2004 Adis Data Information BV. All rights reserved.
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Fig. 3. Trend of estimated creatinine clearance (CLcR) on the basis
of the Cockcroft and Gault formula during the overall treatment
period in the standard and the high dosage groups. Values are
means 3 SD.

bodyweight and estimated CLcR, 12-hour Cpin was
significantly lower in acute leukaemic patients (4.3
B 1.2 versus 7.1 B 1.8, p < 0.001). The findings of
increased population-estimated volume of distribu-
tion and clearance of teicoplanin in the standard
dosage group are in agreement with no patient hav-
ing the recommended Cmin (10 mg/L) in the first 72
hours and are consistent with the suggestions of
other authors that the licensed dosages of teico-
planin might be underestimated for this special pop-
ulation. In 11 neutropenic patients administered
standard loading doses of teicoplanin, Gimenez and
coworkers®”! showed that Cmin at 48 hours ranged
between 5.6 and 13.1 mg/L, and concluded that
higher loading doses of teicoplanin should be ad-
ministered. Likewise, in a population pharmacokin-
etic study carried out in patients with haematologi-
cal malignancies, Lortholary et al.l'¥ estimated that
a prolonged loading period (400mg every 12 hours
for at least four doses) would have probably result in
Cmin at 48 hours of >10 mg/L in most of the patients.
Of note, our study included only patients with acute
leukaemia whereas these two other studies consid-
ered more heterogeneous populations with various
haematological malignancies (lymphomas and mul-
tiple myeloma, other than leukaemia). This may
possibly explain some differences with our findings,
for example the fact that Cmin at 48 hours was <10

Clin Pharmacokinet 2004; 43 (6)
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mg/L in 100% of our patients versus 62% of those in
Lortholary et al.l'¥

Although most of the severe bacterial infec-
tions responsible for mortality in haematological
patients are wusually due to Gram-negative
micro-organisms,3%4% several studies reported that
S. viridans,*!1 meticillin-resistant S. aureus”! and
coagulase-negative staphylococci? may be asso-
ciated with significant mortality rate in this popula-
tion. Underexposure to antimicrobials in the first
days of therapy may be a factor affecting successful
antibacterial treatment of multiresistant Gram-posi-
tive-related infections.[>*#?1 In critically ill patients,
breakthrough resistance to glycopeptides during
treatment has been reported,>*4 and also in pa-
tients with haematological malignancies the emer-
gence of coagulase-negative staphylococci resistant
more frequently to teicoplanin than to vancomycin
has increasingly been pointed out.?+26461 Of note,
for micro-organisms presenting with an MIC close
to the breakpoints of susceptibility,’?3! the situation
may be critical since relatively low plasma concen-
trations of teicoplanin (in terms of actual free Cmin >
MIC), by exposure to subinhibitory concentrations,
might produce selective pressure for the emergence
of intermediate susceptible strains.[>*#?1 Accord-
ingly, MacGowan et al.?!??] showed that the per-
centage of successful outcome for teicoplanin ther-
apy greatly increased when Cmin of >20 mg/L was
ensured in critically ill patients. Thus, our choice of
teicoplanin Cmin > 10 mg/L and close to 20 mg/L
early in the treatment of these severely immuno-
compromised hosts may be beneficial from either a
clinical or a pharmacological point of view.

The findings in the high dosage group suggest
that in most patients with acute leukaemia and nor-
mal renal function a more aggressive regimen of
teicoplanin (average loading doses of 12.2 and 6.1
mg/kg 12 hours apart on day 1, and of 9.2 and 6.1
mg/kg 12 hours apart on day 2, followed by a daily
maintenance dosage of 6.1 mg/kg every 12 hours)
may enable effective Cmin values just exceeding 10
mg/L at 24 hours and approaching 20 mg/L at 72
hours.

Several factors causing an increase of either vol-
ume of distribution or renal clearance of teicoplanin
may explain the need for an increased dosage of
teicoplanin in patients with acute leukaemia. First,
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these patients are frequently administered a high
fluid load by means of saline infusions and/or paren-
teral nutrition, leading to haemodilution and/or an
expansion of the extracellular fluid. Consequently,
in such conditions an increase in volume of distribu-
tion may be expected, particularly for those drugs
presenting with a limited extracellular distribution,
for example the hydrophilic antibacterials such as
aminoglycosides, -lactams and glycopeptides. In a
study carried out in critically ill adult patients,”!
mainly because of an expansion of extracellular
water caused by parenteral nutrition and/or fluid
therapy, the volume of distribution of gentamicin
was shown to be increased, this leading the authors
to conclude that higher doses of gentamicin are
needed for patients on total parenteral nutrition.
Likewise, a marked increase in volume of distribu-
tion in patients with haematological malignancies
was also found for amikacin/® and meropenem.*8!
Consistently, in both our study arms, an increased
volume of distribution of teicoplanin might have
occurred due to the high fluid load administered to
all of the patients during the overall treatment.

Secondly, leukaemic patients are frequently hy-
poalbuminaemic,33! this increasing the unbound
fraction of teicoplanin and enabling both a more
rapid distribution and an enhanced renal clear-
ance.[*>?% In a renal transplant patient undergoing
continuous veno-venous haemofiltration, we have
recently shown that hypoalbuminaemia significantly
affected both distribution and elimination of teico-
planin.B" In a recent population pharmacokinetic
study on amikacin,!'! despite the negligible plasma
protein binding, hypoalbuminaemia was proven to
be one of the most important covariates explaining
the interindividual pharmacokinetic variability in
patients with haematological malignancies. Consist-
ently, in both of our study groups, about two-thirds
of the patients were hypoalbuminaemic.

Thirdly, several authors have shown that renal
clearance of hydrophilic antibacterials may be sub-
stantially enhanced in patients with haematological
malignancies. Fernandez De Gatta et al.l'3 showed
that in patients with haematological malignancies
and normal renal function, due to an enhanced renal
elimination of vancomycin, higher dosages (38 mg/
kg/day) should be administered to guarantee thera-
peutic concentrations. Similar results were found by

Clin Pharmacokinet 2004; 43 (6)



Teicoplanin in Acute Leukaemia

other authors in both adultP? and paediatrict?
haematological patients. Zeitany et al.l''l highlight-
ed that in patients with acute leukaemia the percent-
age of bone marrow blast cells at the time of diag-
nosis significantly correlated with increased clear-
ance of amikacin and that the required dosage to
maintain therapeutic concentrations of amikacin,
averaging 27.5 mg/kg/day, was almost doubled in
these patients compared with healthy volunteers.
Likewise, in patients with acute myeloblastic leu-
kaemia, Romano and coworkers!!? found that ami-
kacin clearance was increased, and that the simulta-
neous presence of hypoalbuminaemia required a
more than 2-fold increase in the total daily dosage to
enable optimal therapy with amikacin in these pa-
tients. Interestingly, these two latter studies on
aminoglycoside pharmacokinetics suggest that acute
leukaemia may induce some pathophysiological fac-
tor responsible for enhanced renal clearance of hy-
drophilic antibacterials. Among the possible expla-
nations, we hypothesise that in these patients, at
least early in the post-chemotherapy period, the
enhanced renal clearance might be due to an in-
creased glomerular filtration rate counteracting the
huge renal load of protein-derived cellular cat-
abolites derived from lysis of circulating cells. This
may be consistent with protein load being shown to
increase both renal blood flow and glomerular filtra-
tion rate in humans.’* Other authors have suggested
that the enhanced renal clearance observed in febrile
neutropenic patients might be caused by fever and/
or by the acute infectious disease, and not by the
leukaemic status.[*8! However, the heterogeneity of
the enrolled populations in these studies, including
patients with leukaemia, multiple myeloma and non-
Hodgkin’s lymphoma, might represent a con-
founding factor and explain some of the differences
in our findings.

From a safety standpoint, no patient in either the
standard or the high dosage groups experienced a
significant impairment of renal function during or
after teicoplanin treatment. This is consistent with
teicoplanin being a well tolerated glycopeptide,
particularly at the renal level.['3-5-58]

We recognise that our work has some limitations.
First of all, patients were not randomly assigned to
the two study arms, but they were enrolled during
two subsequent periods at different sites. Secondly,
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since this was an observational study based on TDM
results, extensive assessment of most classic phar-
macokinetic parameters of teicoplanin was not car-
ried out. Finally, the small number of patients ob-
served did not enable a pharmacodynamic evalua-
tion, even if this is a major endpoint of our
forthcoming studies. Apart from these limitations,
the findings generally support our conclusions.

Conclusions

At the end of the loading period in the high
dosage group, we observed an average Cmin at 48
hours of 16.2 mg/L after total daily loading doses of
18.4 mg/kg on day 1 and 15.3 mg/kg on day 2. Our
findings suggest that, in patients with acute leukae-
mia, therapeutically relevant Cmin values, exceeding
10 mg/L and close to 20 mg/L, may be achieved
very early in the treatment period if, in the first 2
days of therapy, higher than presently recommended
loading doses of teicoplanin are administered, re-
gardless of renal function, to all patients. The sug-
gested loading regimen is 12 mg/kg and 6 mg/kg 12
hours apart on day 1, and 9 mg/kg and 6 mg/kg 12
hours apart on day 2. Subsequently, from day 3 on,
in patients with normal renal function, continuing
with maintenance doses of 6 mg/kg every 12 hours
may be helpful in ensuring a Cmin close to 20 mg/L.
Assessing Cmin after 4872 hours may be useful for
the purpose of tailoring teicoplanin therapy to the
individual patient. Given the high renal clearance
and the frequent hypoalbuminaemia of this special
population, administration every 12 hours may be
helpful, from a pharmacokinetic point of view, in
maintaining adequate Cmin for the entire dosage
interval.

Further clinical studies are warranted to assess
the pharmacodynamics of this enhanced regimen of
teicoplanin and to confirm its potential benefit in
preventing the worrying emergence of staphylococ-
ci with reduced susceptibility to teicoplanin in pa-
tients with acute leukaemia.

We should emphasise that this teicoplanin regi-
men has been assessed for patients with acute leu-
kaemia, and might not be suitable for patients with
other haematological malignancies, such as multiple
myeloma, lymphomas or myelodysplastic syn-
dromes, due to the possible presence of quite differ-
ent pathophysiological conditions. In general, to
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ensure appropriate therapy, a population-tailored
regimen should be defined for each single subpopu-
lation of critically ill patients according to the spe-
cial features of the particular underlying disease or
pathophysiological condition. Subsequently, TDM
may be helpful to ensure adequate plasma concen-
trations in the individual patient.
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