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Purpose. We present the case of a 56-year-old man with stage IV sarcoid-
osis on veno-venous extracorporeal membrane oxygenation (VV-ECMO)
support for the management of respiratory failure receiving treatment with
isavuconazole for invasive aspergillosis.

Summary. VV-ECMO is an increasingly utilized life support therapy for
patients with cardiac and/or respiratory failure, but its impact on medica-
tion dosing is poorly understood. In our patient with invasive Aspergillus
infection receiving VV-ECMO, because of difficulty achieving therapeutic
serum concentrations of voriconazole, we administered isavuconazole
372 mg intravenously (IV) every 8 hours for 6 doses followed by 372 mg
IV once daily. Isavuconazole has a favorable pharmacokinetic and safety
profile compared to other azole antifungal agents, but its high protein
binding and lipophilicity raise concerns about drug sequestration in the
VV-ECMO circuit. To optimize the efficacy and safety of this treatment, the
isavuconazole trough concentration was measured at days 5 and 17, at
which time it was 1.7 and 0.7 pg/mL, respectively. The dose was subse-
quently increased to 744 mg IV once daily, and serum trough concentra-
tions were measured 5 and 8 days after dose adjustment, corresponding
to 3.7 and 2.9 pg/mL, respectively. To our knowledge, this is the third re-
port to describe inadequate isavuconazole trough concentrations during
VV-ECMO support when utilizing standard doses.

Conclusion. In the case described here, standard-dose isavuconazole
(872 mg every 8 hours for 6 doses followed by 372 mg daily) did not
achieve target trough concentrations in a patient receiving concomitant
ECMO support.
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xtracorporeal membrane oxygenation  circuit and components.! Moreover,

(ECMO) is an increasingly utilized
life support therapy for patients with car-
diac and/or respiratory failure. Despite
increasing use, the impact of ECMO
on medication dosing remains poorly
understood. Critically ill patients re-
ceiving ECMO support are subject to sig-
nificant alterations in pharmacokinetics,
including increases in the volume of dis-
tribution (V,), changes to drug clearance,
and drug sequestration within the ECMO
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critical illness may induce additional
pharmacokinetic changes, including al-
tered protein binding and impaired organ
function, leading to further complica-
tions in patient care. The cumulative im-
pact of both ECMO and critical illness on
pharmacokinetics in individual patients
makes optimization of drug dosing in this
setting extremely challenging.
Isavuconazole is a second-gene-
ration triazole antifungal, approved
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for patients 18 years and older for the
treatment of invasive aspergillosis and
invasive mucormycosis. Compared
to alternative azole antifungal agents,
isavuconazole has more stable pharma-
cokinetics and an improved safety pro-
file, with minimal incidence of adverse
Important pharmacokinetic
characteristics of isavuconazole in-
clude its high bioavailability (98%),
high protein binding (>99%), and high
lipophilicity (logP = 3.6), resulting in
extensive drug distribution to tissues
(V,=450L).2*Isavuconazole is supplied

events.

as isavuconazonium sulfate, a highly
water-soluble prodrug that is con-
verted to the lipophilic isavuconazole
in the systemic circulation. Concerns
about drug sequestration within the
ECMO circuit arise when using medi-
cations with high protein binding and
lipophilicity; therefore, this concept
warrants further investigation with re-
gard to isavuconazole. Previous data
on isavuconazole treatment in patients
receiving ECMO support consist of 2
reports describing difficulty reaching
therapeutic concentrations, potentially
as a result of drug sequestration.** The
current case report adds additional in-
formation supporting the use of thera-
peutic drug monitoring in a patient
on veno-venous ECMO (VV-ECMO)
being treated for an aspergilloma with
isavuconazole.

Case report

A 56-year-old Hispanic man (58 kg;
body mass index, 20.3 kg/m?) with a past
medical history of anxiety and stage IV
sarcoidosis receiving chronic steroid
therapy underwent upper lobectomy
of the right lung 3 years before admis-
sion for the management of symptom-
despite
voriconazole therapy. The surgery was

atic aspergilloma chronic
complicated by a bronchopleural fis-
tula that required surgical management
(bronchoplasty with a muscle flap and
endobronchial stent) 2 months later.
Unfortunately, the bronchopleural fis-
tula recurred approximately 3 months
before admission, and the patient
was brought to our hospital for an

Eloesser flap procedure to manage his
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KEY POINTS

e Drug sequestration, increases
in volume of distribution, and
altered metabolism of medi-
cations occur with extracor-
poreal membrane oxygenation
(ECMO) support and may lead
to unpredictable serum con-
centrations of antimicrobial
agents.

¢ |savuconazole’s high
lipophilicity and high protein
binding are predictors of drug
sequestration in patients re-
ceiving concomitant ECMO
support.

¢ |savuconazole does not rou-
tinely require therapeutic drug
monitoring; however, the effect
of ECMO on its pharmacokin-
etics has not been established.
Therefore, therapeutic drug
monitoring may assist in op-
timizing pharmacokinetic and
pharmacodynamic targets.

persistent bronchopleural fistula and
right pneumothorax. Following the
procedure, bronchial and pleural fluid
cultures grew Aspergillus fumigatus, for
which voriconazole 240 mg (4 mg/kg)
intravenously (IV) every 12 hours was
initiated. Because of his progressively
worsening hypoxia and increased work
to breathe despite the use of high-flow

nasal cannula with an oxygen rate of
40 L/min, the patient was intubated on
postoperative day 7. Arterial blood gases
were assessed following intubation with
ventilator settings of 100% for the frac-
tion of inspired oxygen (FiO,) and 7.5 cm
H,0 for positive end expiratory pressure
together with inhaled epoprostenol
therapy. This assessment revealed a
pH of 7.47, a partial oxygen pressure
of 54 mm Hg, a partial carbon dioxide
pressure of 51 mm Hg, and oxygen sat-
uration of 80%. Additional strategies to
optimize ventilator support were limited
due to persistent pneumothorax. Given
these limitations and the rapid progres-
sion of respiratory decompensation, the
decision was made to place the patient
on VV-ECMO for additional lung sup-
port several hours after intubation.

The VV-ECMO circuit comprised
P.h.i.s.i.o.-coated polyvinylchloride
perfusion tubing (LivaNova USA, Inc.,
Arvada, CO) and a Rotaflow centrifugal
pump with a Quadrox-iD adult oxygen-
ator (Maquet Getinge Group, Rastatt,
Germany). Initial VV-ECMO settings
included the following: pump flow rate,
4 L/min; pump speed, 3,000 rotations/
min; blender FiO,, 100%; and sweep,
2 L/min. No additional pertinent ther-
apies, including renal replacement
therapies and/or CytoSorbents tech-
nologies (CytoSorbents, Monmouth
Junction, NJ), were utilized during the
admission. Following VV-ECMO ini-
tiation, the steady-state voriconazole
trough concentration was assessed on
day 14 of treatment, corresponding
to 0.4 pg/mL (Figure 1). Because of

Figure 1. Clinical time course. ECMO indicates extracorporeal membrane oxy-
genation; ISV, isavuconazole; VV-ECMO, veno-venous extracorporeal membrane
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difficulties achieving therapeutic serum
concentrations of voriconazole, therapy
was changed to isavuconazole 372 mg
IV every 8 hours for 6 doses followed by
372mgIVoncedaily. Isavuconazole was
chosen over amphotericin B because of
its more favorable adverse event pro-
file in the treatment of invasive infec-
tions with long durations of therapy.
Given the patient’s severity of illness,
the likelihood of VV-ECMO circuit se-
questration of isavuconazole based on
its physicochemical properties, and
the intent to optimize isavuconazole’s
concentration-dependent  antifungal
activity, therapeutic drug monitoring
of isavuconazole was performed. All
samples were drawn from a central
venous catheter in a consistent manner
and were sent to a reference laboratory
(Burofins Viracor, Inc., Lee’s Summit,
MO) and analyzed using liquid chro-
matography followed by tandem mass
spectrometry.

On the basis of previous data, a
goal trough concentration of 2 to 4 pg/
mL was established.*® Before and
during isavuconazole treatment, hep-
atic function remained within normal
limits. The baseline serum creatinine
level was 0.6 mg/dL, and the creatinine
level remained stable for the dur-
ation of treatment with isavuconazole.
Additional pertinent laboratory values
included a serum albumin concen-
tration that was consistently less than
1.5 mg/dL. Throughout treatment with
isavuconazole, no known or poten-
tial drug interactions were identified,
including interactions affecting cyto-
chrome P-450 and/or p-glycoprotein.
On day 5 of isavuconazole therapy,
a serum trough concentration was
obtained with a measure of 1.7 pg/
mL. No dose adjustment was made
following the initial measurement.
A repeat isavuconazole trough con-
centration measurement was per-
formed 12 days after determination of
the initial level with a result of 0.7 pg/
mL. Notably, the VV-ECMO circuit
was exchanged approximately 7 days
before the follow-up measurement of
serum concentration due to the pres-
ence of blood clots within the circuit

and a subsequent decline in the func-
tion of the membrane oxygenator. In
response to the subtherapeutic con-
centration, the isavuconazole dose
was increased to 744 mg IV once daily,
and a serum trough concentration was
measured 5 days after dose adjust-
ment. Following the dose increase, the
serum trough concentration increased
to 3.7 pg/mL. Another serum trough
level was obtained 8 days after the
dose increase, with the concentration
remaining therapeutic at 2.9 pg/mL.
For the remainder of treatment with
isavuconazole, there were no observed
adverse effects associated with the dose
increase, including gastrointestinal ef-
fects or shortened QTc interval. A com-
plete timeline outlining dosing and
therapeutic drug monitoring results is
shown in Figure 1.

Despite advanced surgical
medical therapies, the patient con-
tinued to worsen, with hypoxic respira-
tory failure in the setting of maximal
support with mechanical ventila-
tion through a tracheostomy site and
VV-ECMO. He developed several
complications of therapy, including
septic shock, thrombocytopenia, and
ischemic limbs. Supportive care meas-
ures including VV-ECMO were con-
tinued until a decision was made by
the patient’s family to pursue comfort-
directed measures. Fifty-three days fol-
lowing admission, the patient died from
complications of respiratory failure.

and

Discussion

To our knowledge, this is the third
report describing altered isavuconazole
serum concentrations during ECMO
support and subsequent dose ad-

justments. Despite isavuconazole’s
improved pharmacokinetic profile
compared to alternate antifungal

agents, we found a significant decrease
in isavuconazole serum concentrations
during VV-ECMO therapy. Utilizing
the standard loading and mainten-
ance dose (372 mg IV every 8 hours for
6 doses, followed by 372 mg IV once
daily), we were unable to achieve ad-
equate serum trough concentrations.
Although data specific to isavuconazole
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in VV-ECMO are minimal, reports
examining similar azole antifungal
agents are consistent with our find-
ings. Previous studies examining the
impact of ECMO on voriconazole have
found significant drug loss due to se-
questration, with an estimated 45% to
70% lost depending on circuit size.**
The effect of ECMO on posaconazole
is poorly understood, as ex vivo studies
have shown drug loss of up to 63% over
24 hours, while case series and reports
have identified more variable effects
ranging from no to slight alterations in
serum trough values."

It is well understood that high
protein binding and lipophilicity are
important physiochemical proper-
ties that predict drug loss within an
ECMO circuit.'>"* As with voriconazole
and posaconazole, key pharmaco-
kinetic properties of isavuconazole
include its high protein binding
and high lipophilicity. Compared
to voriconazole, isavuconazole has
a higher protein-binding capacity
(58% vs 99%) and greater lipophilicity
(logP = 2.1 vs 3.6).* On the basis of
these properties, particularly in com-
parison to agents known to be im-
pacted by ECMO therapy, the potential
for sequestration of isavuconazole and
subsequent reduction in serum drug
concentrations is high. In our case,
standard dosing of isavuconazole re-
sulted in significantly lower trough con-
centrations than expected. Increasing
the dose to twice the standard mainten-
ance dose (744 mg/day) was necessary
to achieve trough values of 2 to 4 pg/mL.
This finding is consistent with previous
reports of isavuconazole therapeutic
drug monitoring during concomi-
tant ECMO support. In both reports,
use of standard-dose isavuconazole
during concomitant ECMO therapy
resulted in comparatively lower
serum trough values, including po-
tentially subtherapeutic values.*>” In
a mixed cohort of patients reported
by Zurl and colleagues,” patients re-
ceiving extracorporeal therapies were
found to have lower serum trough
values than those not receiving extra-
therapies.

corporeal Extracorporeal
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therapies used in this cohort included
ECMO, continuous renal replacement
therapy, and CytoSorbents technolo-
gies.® Additionally, in a case report
presented by Zhao and colleagues,*
use of standard-dose isavuconazole
for treatment of blastomycosis re-
sulted in an initial isavuconazole
trough concentration of 1.9 pg/mL.
As in our report, the patient required
an increased isavuconazole dose and
was administered 372 mg twice daily
to achieve trough levels of 4.1 pg/mL
and 4.7 pug/mL. While the dose ad-
justment strategy was different in this
previous case (doubling the frequency
rather than the dose) than in our case,
the outcomes were similar in that both
regimens achieved a trough concen-
tration within the range supported for
therapeutic efficacy. These case reports
together highlight the potential import-
ance of therapeutic drug monitoring for
isavuconazole in this complex patient
population.

Our patient case provides insightinto
the appropriate timing of therapeutic
drug monitoring in patients receiving
isavuconazole while on ECMO. In our
case, the initial isavuconazole trough
concentration was 1.7 pg/mL, which
was subtherapeutic based on our estab-
lished goal of 2 to 4 pg/mL, but within
the margin of error that did not warrant
a dose adjustment. Following a circuit
exchange, the isavuconazole trough
concentration declined markedly to
0.7 pg/mL. Adsorption of drug following
ECMO circuit exchange has been de-
scribed previously with voriconazole
and may result in reduced serum
concentrations until the membrane
oxygenator is saturated.' Following sat-
uration of the membrane oxygenator,
significant increases in serum concen-
tration may occuy, illustrating the need
for follow-up monitoring. In a case de-
scribed by Spriet and colleagues,' use
of voriconazole during ECMO support
led to initial subtherapeutic concen-
trations followed by supratherapeutic
values after presumed saturation of the
membrane oxygenator. Given this ob-
servation, it may be prudent to evaluate
isavuconazole trough values with the
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initial dose, when the ECMO circuit
is exchanged, and following any dose
adjustments.”

In previous literature, steady-state
trough concentrations are achieved
on day 3 following loading doses and
day 14 when no loading dose is util-
ized.”® Therapeutic drug monitoring
of isavuconazole to optimize efficacy
and safety is not routinely recom-
mended, resulting in a lack of clearly
defined goal serum concentrations. In
our patient, we targeted a goal serum
trough concentration of 2 to 4 pg/mL
based on reports from clinical trials
and postmarketing experience with
literature
suggests that most patients maintain
a therapeutic level between 2 and
4 pg/mL,%® with an upper limit set at
5 pg/mL to minimize gastrointestinal

isavuconazole. Previous

adverse effects.!’ A study examining
plasma concentrations in 283 sam-
ples from real-world patients receiving
isavuconazole within the SECURE trials
found mean plasma concentrations
of 2.98 and 3.30 pg/mL in phase 1 and
phase 3 trials, respectively, although it
should be noted that neither study in-
cluded patients who were unlikely to
survive 30 days or those on mechanical
ventilation.®” Borman and colleagues®
found similar results using data from
multiple laboratories in the United
Kingdom to assess trough levels in 150
samples. In their study, most patients
(41.3%) were reported to have levels
of 2 to 4 pg/mL.? Because of the pre-
dictability of isavuconazole pharma-
cokinetics in both clinical trials and
real-world patients, routine monitoring
is unlikely to be useful.** However, our
report suggests the utility of therapeutic
drug monitoring in critically ill patients
on ECMO due to considerable pharma-
cokinetic changes.

The data presented within this case
report are not without limitations. First,
given the long half-life of isavuconazole
(~130 hours), steady-state serum con-
centrations may not be reached until
several weeks after the initiation of
therapy. The loading dose of 372 mg
every 8 hours for 6 doses provides a
way to attain steady state more quickly;
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however, the exact time at which
steady-state equilibrium is reached,
particularly during ECMO support, is
unknown.? In this patient, we obtained
follow-up serum concentrations at
5 and 8 days after dose adjustment.
Given the extremely long half-life of
the drug, this may have been too early
to capture further accumulation within
the patient or further sequestration
within the ECMO circuit. Additionally,
we did notreload the patient at the time
of the dose increase. As in the standard
dosing regimen, providing a loading
regimen of isavuconazole for the first
48 hours following the dose adjustment
may have allowed quicker achievement
of steady-state trough values.

Conclusion

In the described here,
standard-dose isavuconazole (372 mg
every 8 hours for 6 doses followed by
372 mg daily) did not achieve target
trough concentrations in a patient re-
ceiving concomitant ECMO support.

case
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