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ABSTRACT Therapeutic drug monitoring (TDM) has been recommended in guide-
lines for patients receiving posaconazole oral suspension, but its utility in patients
receiving posaconazole tablet, which has an improved bioavailability, remains un-
clear. We used state transition models with first-order Monte Carlo microsimulation
to re-examine the posaconazole exposure-response relationships reported in two
phase III clinical trials (prophylaxis with posaconazole oral suspension, models 1 and
2) and a third multicenter observational TDM study (model 3). We simulated the im-
pact of TDM-guided interventions to improve initial average posaconazole concen-
trations (Cavg) to reduce clinical failure (in models 1 and 2) and breakthrough inva-
sive fungal disease (bIFD) in model 3. Simulations were then repeated using
posaconazole tablet Cavg distributions in place of the oral suspension formulation. In
all three models with posaconazole oral suspension, TDM interventions associated
with maximal improvement in posaconazole Cavg reduced absolute rates of sub-
therapeutic exposures (Cavg � 700 ng/ml) by 25% to 49%. Predicted reductions in
absolute clinical failure rates were 11% in model 1 and 6.5% in model 2 and a
12.6% reduction in bIFD in model 3. With the tablet formulation, maximally effective
TDM interventions reduced subtherapeutic exposures by approximately 5% in all
three models and absolute clinical failure rates by 3.9% in model 1 and 1.6% in
model 2; there was a 1.6% reduction in bIFD in model 3. Our modeling suggests
that routine TDM during prophylaxis with posaconazole tablets may have limited
clinical utility unless populations with higher prevalence (�10%) of subtherapeutic
exposures can be identified based on clinical risk factors.
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Posaconazole is a broad-spectrum triazole antifungal widely used for the prophylaxis
or salvage treatment of invasive fungal disease (IFD). Posaconazole was originally

licensed in 2005 as an oral suspension administered three or four times daily with food
(preferably a high-fat meal) to ensure adequate absorption (1–3). However, these
dosing requirements can be problematic in patients undergoing treatment for hema-
tological malignancies. In particular, chemotherapy-associated gastrointestinal dysfunc-
tion, acid suppression therapy, and poor appetite may reduce the bioavailability of
posaconazole oral suspension, resulting in substantial variability in systemic drug
exposures (4, 5). Given the high mortality and the adverse impact of IFDs on subse-
quent chemotherapy or transplantation timing (6, 7), routine therapeutic drug moni-
toring (TDM) has been advocated to identify patients who require either dosage
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adjustment or a switch to an alternative systemic antifungal agent to reduce the risk of
breakthrough IFD (bIFD).

A justification for routine TDM during posaconazole prophylaxis is supported by
analysis of two pivotal posaconazole oral suspension prophylaxis trials that identified a
relationship between posaconazole exposures (assessed by average plasma posacona-
zole concentrations [Cavg]) and the probability of clinical failure defined using a
five-point composite endpoint (8). In these analyses, the probability of clinical failure
increased when the posaconazole plasma Cavg fell below 700 ng/ml, a target that was
not achieved in nearly 50% of patients. Accordingly, a TDM-guided dosing algorithm
was proposed for patients with plasma concentrations less than 700 ng/ml, where
patients below this target are administered higher posaconazole doses or are switched
to an alternative antifungal.

These TDM recommendations were later challenged, because the five-point com-
posite endpoint was not part of the original trial design and no correlation was evident
between posaconazole serum Cavg and the low rates of bIFD observed in the studies (9).
Nevertheless, a separate open-label study of posaconazole salvage therapy for invasive
aspergillosis (10) and a multicenter TDM observational study during posaconazole (with
oral suspension) prophylaxis and treatment (11) both supported evidence of an
exposure-response relationship for posaconazole. As a result, TDM has been “margin-
ally” recommended for patients receiving posaconazole prophylaxis in recent treat-
ment guidelines (7, 12) due to the lack of clear and established evidence that TDM-
guided interventions reduce the risk of bIFD.

Against this backdrop, a new extended release tablet formulation of posaconazole
with improved bioavailability and pharmacokinetic exposure (and later an intravenous
formulation in a number of countries) was introduced in 2014. In phase III studies, the
tablet formulation achieved steady-state plasma trough concentrations (Cmin) of
�700 ng/ml in 90% of patients, with 5% of patients at �500 ng/ml and 5% of patients
between 500 and 700 ng/ml (14). These results were confirmed in subsequent retro-
spective observational studies (15, 16). However, evidence from other observational
studies suggest that subsets of patients with risk factors for poor absorption (e.g., poor
appetite, proton pump inhibitors, and diarrhea) and high body mass (�90 kg) may still
be at risk for low systemic exposures (17–19). Given a lack of definitive evidence about
the benefits of TDM-guided interventions, it is important to identify clinical scenarios
where TDM for patients receiving posaconazole prophylaxis with the tablet formulation
is most likely to be useful.

We sought to explore how differences among posaconazole formulations and the
prevalence of subtherapeutic exposures may influence the effectiveness of TDM for
patients receiving posaconazole prophylaxis. We developed state transition models
with first-order Monte Carlo microsimulation to re-examine posaconazole exposure-
response outcomes observed in the original pivotal phase III studies of posaconazole
prophylaxis (8) as well as in a retrospective multicenter observational study of po-
saconazole TDM (11). We then incorporated theoretical TDM-guided interventions with
varied effectiveness at improving posaconazole exposures (average concentrations
[Cavg]) to explore how routine TDM might impact the probability of composite clinical
failure or bIFD in patients receiving the oral suspension and the tablet formulations.

RESULTS
Impact of TDM on clinical failure of posaconazole for IFD prophylaxis during

acute myelogenous leukemia or myelodysplastic syndrome induction chemother-
apy. In model 1, a 10,000-patient simulation performed without TDM-guided interven-
tions predicted that 50.3% of patients would remain in the bottom two quartiles of
posaconazole exposure (Cavg � 490 ng/ml) with an overall mean clinical failure of
41.2% � 1.6% (Fig. 1a). This is qualitatively similar to the 49.8% of patients reported
with posaconazole Cavg of �490 ng/ml and the 41.4% composite failure rate reported
in the prior analysis by Jang et al. (8). To explore the potential impact of TDM-guided
interventions, we then simulated three levels of improvement in posaconazole Cavg
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following TDM screening in subsequent models (Table 1). Minimally, moderately, and
maximally effective TDM-guided interventions were set to reduce the percentage of
patients remaining in the lowest quartile of posaconazole exposure from 25% to 15%,
5%, and 0%, respectively. However, during modeling, we also assumed that the
probability of an intervention triggered by TDM would decrease with increasing initial
posaconazole Cavg, with 100% of patients having an intervention at the lowest expo-
sures (quartile 1), 80% of patients at quartile 2, 50% of patients at quartile 3, and 0%
undergoing a TDM-guided intervention at the highest posaconazole exposure (quartile
4). Based on these assumptions, simulation at the lowest level of TDM effectiveness
reduced the number of patients in the lowest two quartiles of posaconazole exposure
from 50.3% to 45% and the predicted mean clinical failure rate from 41.2% � 1.6% to
36.5% � 1.3% (Fig. 1a). Moderately and highly effective TDM interventions reduced the
percentages of patients in the lowest two quartiles of posaconazole exposures (Cavg �

612 ng/ml) by 12% and 23.3%, respectively, with corresponding decreases in the mean
clinical failure rates to 34.6% and 30.2%, respectively. Hence, a maximally effective
TDM-triggered intervention was associated with an 11% absolute reduction in clinical
failure rates among patients receiving posaconazole suspension in model 1.

FIG 1 Model 1-predicted effect of TDM in patients undergoing remission-induction chemotherapy for AML/MDS.
The effects of TDM-guided interventions with varied effectiveness are shown for quartiles of systemic posaconazole
exposures (stacked bar graphs, left y axis) versus the average predicted probability � standard deviation of clinical
failure (plotted lines, right y axis) in patients receiving posaconazole suspension (a) or the extended-release tablet
formulation (b).

TABLE 1 Initial model assumptions on effectiveness of TDM interventions in AML/MDS population in model 1

Quartile
Posaconazole exposure
(ng/ml) (median [range])

% of patients remaining in quartile after TDM intervention

No TDM
Minimally
effective

Moderately
effective

Maximally
effective

Oral suspension
Quartile 1 206 (90–322) 25 15 5 0
Quartile 2 406 (323–90) 25 30 25 15
Quartile 3 612 (491–734) 25 30 40 55
Quartile 4 1,467 (735–2,200) 25 25 30 30

Tablet
Quartile 1 206 (90–322) 5 2.5 0 0
Quartile 2 406 (323–490) 5 7.5 5 0
Quartile 3 612 (491–734) 60 60 65 60
Quartile 4 1,467 (735–2200) 30 30 30 40
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When posaconazole tablet Cavg distributions were substituted in the model for the
oral suspension (Fig. 1b), the percentage of patients with Cavg of �612 ng/ml was
reduced from 10% with no TDM to 2% with maximally effective TDM-guided interven-
tions. Therefore, a maximally effective TDM-triggered intervention was associated with
a 3.4% absolute reduction in clinical failure among patients receiving posaconazole
tablets in model 1.

Impact of TDM on clinical failure of posaconazole for IFD prophylaxis during
GVHD. In model 2, a 10,000-patient simulation was performed without TDM of patients
receiving posaconazole prophylaxis with the oral suspension formulation during im-
munosuppressive therapy for graft versus host disease (GVHD). For patients who did
not undergo TDM, 50% of patients remained in the bottom two quartiles of posacona-
zole exposures with a predicted clinical failure rate of 25.0% � 0.8% (Fig. 2b). Minimally
effective TDM-guided interventions reduced the lowest two quartiles of posaconazole
exposures (�915 ng/ml) from 50% to 46% and the mean clinical failure to 23.5% �

0.6%. Highly effective TDM interventions reduced the percentage of patients in the
lowest two quartiles of posaconazole Cavg to 26% with corresponding estimated clinical
failure rate of 19.5% � 1.3%. Hence, a maximally effective TDM-triggered intervention
was associated with a 6.5% absolute reduction of clinical failure among patients
receiving posaconazole suspension in model 2.

When posaconazole tablet Cavg were substituted for the oral suspension in the
model, the percentage of patients with Cavg of �915 ng/ml was reduced from 10% with
no TDM to 5% with a maximally effective TDM-guided intervention. These pharmaco-
kinetic changes were associated with a 1.3% absolute reduction in clinical failure rates
among patients receiving posaconazole tablets.

Impact of TDM on bIFD during posaconazole prophylaxis. Without TDM-guided
interventions, our simulations indicated that patients receiving posaconazole suspen-
sion would exhibit a mean rate of bIFD of 17.1% � 1.3% and posaconazole Cavg of
470 ng/ml, with 84% and 65% of patients below the 700 ng/ml and 500 mg/ml targets,
respectively, similar to the results of the TDM study used to parametrize the model (Fig.
3a). With minimally effective TDM-based intervention, the percentages of patients
below 700 and 500 ng/ml targets were reduced to 72% and 49%, respectively, with
associated rates of bIFD reduced to 12.6% � 1.4%. With moderately and maximally

FIG 2 Model 2-predicted effects of TDM in patients receiving posaconazole prophylaxis during GVHD. The effects
of TDM-guided interventions with varied effectiveness are shown for quartiles of systemic posaconazole exposures
(stacked bar graphs, left y axis) versus the average predicted probability � standard deviation of clinical failure
(plotted lines, right y axis) in patients receiving posaconazole suspension (a) or the extended-release tablet
formulation (b).
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effective TDM intervention, percentages of patients remaining below 700 and
500 ng/ml thresholds were reduced to 57% and 25%, respectively, and 35% and 9%,
respectively, with a corresponding estimated rate of bIFD of 4.4% � 0.02%. Hence, a
maximally effective TDM-triggered intervention in model 3 resulted in 12.7% absolute
reduction of bIFD among patients receiving posaconazole suspension.

When posaconazole tablet Cavg distributions were substituted in the model for the
oral suspension (Fig. 3b), the percentages of patients below the target posaconazole
Cavg thresholds of 700 and 500 ng/ml who did not undergo TDM decreased to 10.5%
and 7%, respectively, with an estimated bIFD rate of 2.1% � 0.2%. With minimally
effective TDM-based intervention, the percentages of patients below 700 and
500 ng/ml targets were reduced to 3.6% and 2.1%, respectively, with predicted rates of
bIFD reduced to 0.8% � 0.05%. With maximally effective TDM intervention, the
percentages of patients below 700 and 500 ng/ml were further reduced to 2% and 1%,
respectively, with an estimated bIFD of 0.4% � 0.04% or a 1.6% absolute decrease in
bIFD among patients receiving posaconazole tablets.

Sensitivity analysis for models 1 and 2. In a sensitivity analysis, performed for
models 1 and 2, varying the rates of posaconazole Cavg in the bottom two quartiles of
exposure from 0% to 50% for both acute myelogenous leukemia or myelodysplastic
syndrome (AML/MDS) and acute GVHD (aGVHD)/allogeneic hematopoietic stem cell
transplantation (allo-HSCT) populations (Fig. 4) resulted in a diminishing overall TDM
effectiveness as the prevalence of posaconazole “subtherapeutic” exposures decreased,
with clinical failure rates largely converging irrespective of TDM-guided intervention
effectiveness at a prevalence of less than 10%. We also separately explored how
changes in intervention rates (0% to 100%) following a TDM result could affect
predicted rates of clinical failure at each quartile of posaconazole exposure (data not
shown). Across all three models, higher intervention rates were associated with reduced
rates of clinical failure in patients at the lowest posaconazole exposures (quartile 1),
with less impact in patients in quartile 2, and minimal impact on model-predicted
clinical failure for patients in quartiles 3 and 4.

DISCUSSION

No prospective randomized study has evaluated the effectiveness of TDM-guided
interventions in patients receiving posaconazole prophylaxis (5, 20). We used state
transition models based on individual patient-level Monte Carlo simulation to re-
examine outcomes related to posaconazole exposures that were reported in pivotal
clinical trials and a retrospective, multicenter observational study. We then modeled

FIG 3 Model-predicted effects of TDM-guided interventions in patients receiving posaconazole prophylaxis with
suspension (a) and tablet formulations (b) using real-life observational data.
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interventions of varied effectiveness based on hypothetical TDM-guided interventions
and compared how changes in posaconazole exposures achieved with the oral sus-
pension and tablet formulations influenced the TDM effectiveness with respect to
clinical failure and bIFD.

The main finding from our modeling is that TDM-guided interventions demon-
strated clinical benefit in reducing clinical failure rates or bIFD provided they were
applied in a population with sufficiently high pretest probability of subtherapeutic
exposures. In the two models based on the analysis of phase III trials of posaconazole
oral suspension (8), this inflection point occurred when the prevalence of patients in
the bottom two quartiles of posaconazole Cavg exceeded 10%, with greater impact on
reducing clinical failure rates when the prevalence exceeded 30%. When the prevalence
approaches 50%, as reported in patients with hematological malignancies receiving
posaconazole oral suspension, maximally effective TDM-guided interventions reduced
the absolute risk of clinical failure by 11% in patients with AML/MDS and 6.5% in
patients with GVHD. Hence, averages of 18 (AML/MDS) and 36 (GVHD) patients receiv-
ing posaconazole oral suspension would need to be screened by TDM at this preva-
lence threshold to potentially detect/prevent one clinical failure. However, if the
prevalence of subtherapeutic posaconazole exposures approaches 10% (as reported in
the phase III studies with the tablet formulation), the numbers needed to screen would
increase to 90 (AML/MDS) and 182 (GVHD) patients assuming maximally effective
TDM-guided interventions.

Although model 3 was based on retrospective “real-life” data and was developed
using different methodology and study endpoints, the findings were qualitatively
similar to those of model 1 and model 2. At maximal TDM-guided intervention
effectiveness, the percentage of patients below posaconazole Cavg of 700 ng/ml was
reduced by 49% and the absolute rate of bIFD was reduced by 12.6%. However, when
posaconazole Cavg distributions achieved with the tablet were substituted in the model,
the absolute difference in the rates of bIFD between non-TDM versus maximally
effective TDM-guided interventions was only 1.5%. Hence, if the prevalence of sub-
therapeutic posaconazole exposures in patients receiving prophylaxis with posacona-
zole tablets was less than 10%, nearly 667 patients would need to undergo TDM
screening to potentially prevent 1 case of bIFD.

The prevalence of patients with posaconazole Cavg or trough concentrations (Cmin)
of �700 ng/ml reported in observational TDM studies with posaconazole tablets varies
widely. A number of early observational studies reported that between 0% and 10% of

FIG 4 Sensitivity analysis of mean clinical response rates per prevalence of subtherapeutic exposures for both
AML/MDS (model 1) (a) and GVHD (b).
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patients did not achieve Cavg or Cmin above 700 ng/ml (21–29), similar to the phase III
posaconazole registration trials (14, 30). Other studies have reported rates of posacona-
zole Cmin below 700 ng/ml, ranging from 10% to 20% of patients (16, 19, 31, 32). One
study reported that nearly one-third of patients with hematological malignancies
receiving the tablet formulation did not achieve target exposures (17). Diarrhea and
weight (�90 kg) were associated with a lower probability of achieving posaconazole
Cmin of �700 ng/ml in one observational study (17). Notably, rates of bIFD, which
were reported in six studies, ranged between 0% and 6.75%. However, these bIFD
rates were not correlated with posaconazole plasma exposures. This is not surpris-
ing, as our models suggested that more than 600 patients may need to be
monitored to identify a few patients with clinical failures linked to subtherapeutic
posaconazole exposures. These findings indicate that rational selective TDM strat-
egies (33), which target subpopulations at higher risk for subtherapeutic exposures
(�30% risk), may be of benefit for such monitoring to be clinically useful in patients
receiving posaconazole tablets.

As with almost all decision analytic modeling studies, there are potential limitations
with our analysis. First, several components of the composite endpoint for clinical
failure of the posaconazole suspension (i.e., deaths from all causes, discontinuation of
study drugs during the primary time period, patients lost to follow-up) derived from the
study by Jang et al. (8) have no direct link to posaconazole plasma concentrations and
likely represent an overestimation of the negative impact of low posaconazole serum
concentrations (9). Second, to simplify the modeling process, we assumed that patients
who do not undergo TDM would not have improvements in posaconazole Cavg

before the transition probability to clinical failure or success was calculated. Simi-
larly, we assumed that patients undergoing a TDM-guided intervention would not
transition to lower posaconazole Cavg following an intervention. These assumptions
may potentially bias the model results in favor of showing a benefit with TDM.
These decisions were undertaken to reduce model complexity or “transition state
explosion” and aid model symmetry (34). Our modeling strategies and ability to
introduce additional levels of uncertainty or variation in the posaconazole
exposure-response relationships analyzed in the model were also limited by the
available (published) data. Third, we made assumptions about the effectiveness of
TDM-guided interventions in the absence of published data regarding TDM “effi-
cacy” or typical TDM-triggered clinical intervention rates during posaconazole
prophylaxis. To address some of the uncertainly, we compared various degrees of
effectiveness and intervention rates over a range of prevalence of subtherapeutic
posaconazole exposures. Therefore, we do not believe overall results will change if
model assumptions are realistically altered.

Finally, it is important to highlight that our analysis specifically focused on the
impact of TDM in patients receiving posaconazole for IFD prophylaxis with the oral
suspension or tablet formulation. In settings which were not considered in our present
analysis, such as documented fungal disease, suspected clinical failure, unexplained
toxicity, or drug interactions, the rationale for TDM may differ.

Notwithstanding the caveats, we have demonstrated that state transition models
based on individual patient-level Monte Carlo simulation can be used to re-examine the
impact of TDM-guided interventions, with posaconazole oral suspension and tablet
formulations, on clinical failure and bIFD reported in pivotal clinical trials and a
retrospective observational study. Through our modeling, we also shed light on the
effectiveness of TDM when the prevalence of subtherapeutic exposures varies. Our
models suggest that at a high prevalence of subtherapeutic exposures (�30%),
routine TDM could potentially reduce the absolute risk of clinical failure or bIFD by
5% to 12% in patients receiving posaconazole prophylaxis depending on the
effectiveness of TDM-triggered interventions. However, at low prevalence of sub-
therapeutic exposures typically observed with posaconazole tablets (�10%), rou-
tine TDM during prophylaxis would only marginally reduce the absolute risk of
clinical failure and bIFD unless such testing could be targeted to patients with
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clinical risk factors that predispose them to a higher prevalence of subtherapeutic
exposures. We believe these findings can aid the design of future prospective
studies and also inform the weighting of potential cost vis-à-vis benefits of routine
TDM for patients receiving posaconazole prophylaxis.

MATERIALS AND METHODS
Overview of data sources. Model 1 was based on exposure-response analysis performed by Jang et

al. (8) for a phase III trial of posaconazole oral suspension prophylaxis in patients undergoing remission-
induction chemotherapy for acute myelogenous leukemia or myelodysplastic syndrome (AML/MDS) (35).
Plasma posaconazole concentrations were measured 1 and 3 h after the first dose on day 8 and during
the first episode of evaluation for a possible bIFD. An average posaconazole plasma concentration
(Cavg) was then calculated for each patient based on the fact that plasma concentrations of
posaconazole are relatively constant at steady state (achieved at 7 to 10 days) (36). The exposure-
response relationship was analyzed by a logistic regression using Cavg as a continuous variable and
the clinical failure as binary variable (yes or no) defined to meet one of any of the following five
endpoints: (i) the occurrence of proven or probable IFDs, (ii) the need to administer �5 days of
empirical treatment with a systemic antifungal drug other than the study drug during the primary
time period, (iii) deaths from all causes, (iv) discontinuation of study drugs during the primary time
period, i.e., the subjects were not followed for the period’s entire duration, or (v) patients lost to
follow-up. The overall rate of clinical failure was 41.5%.

Model 2 was based on the analysis by Jang et al. (8) of a second phase III trial of posaconazole
oral suspension prophylaxis for patients receiving immunosuppressive therapy for acute graft versus
host disease (aGVHD) following allogeneic hematopoietic stem cell transplantation (HSCT) (37). In
both studies, patient posaconazole Cavg were calculated from multiple sampling time points. In
particular, plasma posaconazole concentrations were measured after dosing on day 2, at weeks 2,
4, 8, and 12, and either on the last day of treatment or at week 16 (often one sampling per visit),
and patients were divided into four quartile ranges of drug exposure. Although the distribution of
posaconazole Cavg and rates of clinical failure differed between the two trials (Table 2), the
probability of composite clinical failure was estimated by logistic regression and reported for each
quartile (Fig. 5a).

Model 3 was based on retrospective multicenter study of posaconazole TDM performed in six
Australian hospitals from 2008 to 2010 (11). In this study, 84% of patients exhibited median
posaconazole concentrations lower than 700 ng/ml (Fig. 5b). A subset of adult patients 18 years or
older receiving posaconazole prophylaxis (n � 72) with the oral suspension formulation (200 mg
three to four times daily) who had at least one steady-state posaconazole concentration were
analyzed for a risk of bIFD defined according to the 2008 guidelines from the European Organization
for Research and Treatment of Cancer/Invasive Fungal Infections Cooperative Group and the
National Institute of Allergy and Infectious Diseases Mycoses Study Group (EORTC/MSG) Consensus
Group (38).

Modeling. Three separate models were developed to correspond to the three sources of posacona-
zole exposure-response data (8). Specifically, state transition first-order Monte Carlo individual-based
microsimulation models were developed to simulate the posaconazole exposure-response relationships
in two phase III clinical trials and a third multicenter observational TDM study using Tree Age Pro
Healthcare 2019, R1 software (Tree Age Software, Williamston, MA). We followed the principles outlines
by the ISPOR-SMDM Modeling Task Force (39). The principal strategy compared in each model was the

TABLE 2 Relationship between quartiles of posaconazole Cavg and probability of clinical
failure in models 1 and 2

Quartile
Posaconazole exposure
(ng/ml) (median [range])a

Probability of transition
to clinical failure (%)

Model 1: Prophylaxis during AML/MDS
induction chemotherapy (n � 215
patients)

Quartile 1 206 (90–322) 55
Quartile 2 736 (558–915) 37b

Quartile 3 1,239 (915–1,563) 33
Quartile 4 2,607 (1,564–3,650) 28

Model 2: Prophylaxis during GVHD
(n � 252 patients)

Quartile 1 289 (21.5–557) 44
Quartile 2 406 (323–490) 21
Quartile 3 612 (491–733) 18
Quartile 4 1,467 (734–2,200) 18

aDistributions of posaconazole plasma concentrations in both studies were derived from pharmacokinetic/
pharmacodynamic analysis by Jang et al. (8).

bCalculated from logistic regression results.
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effect of TDM-guided intervention(s) on rates of clinical failure during posaconazole prophylaxis during
induction chemotherapy for AML/MDS (model 1) or with immunosuppressive therapy for GVHD (model
2). In both models 1 and 2, simulated patients enter the model and are assigned to a TDM strategy
(yes/no) (Fig. 5a). The patient is then randomly assigned to a quartile of posaconazole Cavg based on the
probability distributions reported by Jang et al. (8) for their respective patient population. For patients
who do not undergo TDM, the probability of transitioning to clinical failure was then calculated based
on the relationship of posaconazole Cavg and clinical failure defined by a logistic regression analysis
(Table 2). As each patient passes through the model, trackers are used after each branch to count the
fraction of patients who remain or transition to a higher posaconazole Cavg quartile and ultimately
transition to either clinical success or failure before exiting the model.

For patients assigned to the TDM arm, the initial quartile of posaconazole Cavg was assigned
randomly as described above but TDM was assumed to trigger a nonspecified intervention (e.g., dose
increase, optimization of gastrointestinal [GI] absorption parameters, discontinuation of interacting drug,
etc.) that is associated with a given probability of transitioning to a higher Cavg quartile. We also assumed
that TDM-triggered interventions would only improve posaconazole Cavg based on prespecified catego-
ries of intervention effectiveness and that the probability of an intervention to improve posaconazole
Cavg would vary depending on the initial quartile of posaconazole Cavg identified through TDM. For
purposes of mode development, we empirically specified that 100% of patients at the lowest quartile of
posaconazole exposures progressed to TDM-triggered intervention versus 80% in patients in quartile 2,
50% in quartile 3, and 0% in quartile 4.

No prospective data describing the effectiveness of TDM-guided interventions for posaconazole are
available. We therefore analyzed both models 1 and 2 using three different scenarios of TDM-triggered
effectiveness (Tables 1 and 3): (i) a minimally effective intervention where the percentage of patients in
the lowest posaconazole Cavg quartile is reduced from 25% to 15%; (ii) moderately effective intervention
where the percentage of patients in the lowest posaconazole Cavg quartile is reduced from 25% to 5%;
and (iii) a maximally effective intervention with no patients remaining in the lowest posaconazole Cavg

quartile.
To explore how substitution of the delayed-release tablet formulation would influence the effective-

ness of TDM-guided interventions defined above, microsimulations were repeated as described above
except that the posaconazole Cavg distribution for the tablet formulation (14) was substituted for
posaconazole oral suspension Cavg.

FIG 5 General model structure for TDM trial simulations. (a) Decision analytical model based on phase III clinical
trials of posaconazole prophylaxis in patients with AML/MDS (model 1) (35) or GVHD (model 2) (37). (b) Decision
analytical model based on a prospective multicenter observational study of posaconazole TDM (model 3) (11).
Details on the models are provided in Materials and Methods.
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Model 3 was constructed using median posaconazole oral suspension pharmacokinetic data (11). A
data set of posaconazole (here reported as Cavg for consistency) was generated by digitized analysis of
the original manuscript figure (DigitizeIt, Braunschweig, Germany) and fit to a model with a log-normal
distribution. As each simulated patient entered the model, they were assigned a specific TDM strategy
(Fig. 5b) and initially randomly sampled based on a log normal distribution of posaconazole Cavg (11). In
patients who do not undergo TDM, the transition probability of progressing to bIFD was defined by the
logit function �0.005� � 0.421, where � is the initially assigned posaconazole concentration (ng/ml).
Predicted probabilities are then calculated from the natural antilog of the logit.

In patients who undergo TDM, an intervention was triggered if the randomly selected posaconazole
Cavg was less than 700 ng/ml. Minimally, moderately, and maximally effective TDM interventions were
then simulated by changes in the log normal distribution of posaconazole Cavg after interventions that
were randomly resampled to arrive at a new posaconazole Cavg (Table 4). As each patient passed through
the model, trackers were similarly used to count the percentages of patients with posaconazole Cavg of
�500 and �700 ng/ml who arrived at the state of bIFD. A 10,000-patient first-order Monte Carlo
microsimulation in the non-TDM arm of the model resulted in posaconazole Cavg distribution and rate of
bIFD (17%) analogous to that reported in 72 patients by Dolton et al. (11).

To explore how the use of the delayed-release tablet formulation would influence the effectiveness
of TDM-guided interventions in model 2, we repeated the simulations as described above except that the
log normal distribution of posaconazole Cavg observed with the oral suspension formulation was
replaced with a Cavg distribution reported in phase III studies representative of the tablet formulation
(Table 4) (14).

Sensitivity analysis. Sensitivity analyses were performed over a range of AML/MDS (model 1) and
GVHD (model 2) patients with various prevalences (0% to 50%) of posaconazole Cavg in the bottom
two quartiles of exposure at each of the three levels of TDM-guided intervention effectiveness.
Results were then plotted to identify a possible inflection point of subtherapeutic prevalence where
TDM-guided interventions converge. A one-way sensitivity analysis was also performed separately at
each quartile of posaconazole exposure to examine how changes in intervention rates (0% to 100%)
following a TDM result could independently affect predicted rates of clinical failure. For each model,
10,000-patient first-order Monte Carlo microsimulations were repeated ten times to assess the

TABLE 3 Initial assumptions on effectiveness of TDM interventions in GVHD population for model 2

Quartile
Posaconazole exposure
(ng/ml) (median [range])

% of patients remaining in quartiles of posaconazole exposure after TDM
intervention

No TDMa

Minimally
effective

Moderately
effective

Maximally
effective

Oral suspension
Quartile 1 289 (21.5–557) 25 15 5 0
Quartile 2 736 (557–915) 25 30 25 15
Quartile 3 1,239 (915–1,563) 25 30 40 55
Quartile 4 2,607 (1,563–3,650) 25 25 30 30

Tablet
Quartile 1 289 (21.5–557) 5 2.5 0 0
Quartile 2 736 (557–915) 5 7.5 5 0
Quartile 3 1,239 (915–1,563) 60 60 65 60
Quartile 4 2,607 (1,563–3,650) 30 30 30 40

aDistribution of posaconazole plasma concentrations were derived from pharmacokinetic/pharmacodynamic analysis by Jang et al. (8) and Cornely et al. (14).

TABLE 4 Posaconazole serum distributions utilized for model 3

Assumed effectiveness

Posaconazole Cavg (ng/ml)

Mean

Percentile

2.5 10 90

Oral suspension
No TDM 467 136 196 812
Minimally effective 579 169 251 1,007
Moderately effective 698 304 398 1,059
Maximally effective 851 407 512 1,245

Tablet
No TDM 1,773 507 732 3,110
Minimally effective 1,822 644 872 3,113
Moderately effective 1,777 766 986 3,296
Maximally effective 1,792 1,046 1,233 2,381
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stability of results. Aggregate results were then presented as mean rates of clinical failure or bIFD
with standard deviations.
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