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ABSTRACT A diagnostic-driven (DD) treatment strategy has proven successful for treating
invasive fungal infections (IFIs) caused by Aspergillus. However, uptake of this treatment strat-
egy is not fully embraced. This study compares the economic and clinical impact of DD and
empirical-treatment (ET) strategies used within hospitals. Methods: a decision-analytic model
was developed to compare costs and clinical outcomes associated with ET or a DD strategy
of identifying infections caused by Aspergillus via galactomannan-antigen testing or Aspergillus
polymerase chain reaction (PCR) in neutropenic patients with unexplained fever. Patients
were treated prophylactically with antifungal treatments as seen in United Kingdom (UK) hos-
pitals. The IFI incidence, response, mortality, resource use, and adverse events were obtained
from meta-analyses and other clinical studies. Analyses were performed from the U.K. hospital
perspective, and costs were obtained from standard costing sources. Although diagnostic-
testing costs increased, total cost and length of stay were reduced by £1,121 and 1.54 days
when treating via a DD strategy. Intensive care and general ward days accounted for . 40%
of total costs and . 58% of the cost reduction came from reduced antifungal costs. Treating
with a DD strategy reduced the number of patients being treated with antifungal agents
while survival was increased. Thus, a DD strategy was cost savings (-£136,787 cost per death
avoided) compared with an ET strategy. Conclusion: this study suggests that incorporating a
DD strategy as the preferred treatment protocol may be a cost-saving and clinically improved
treatment strategy for managing neutropenic patients with unexplained fever.

IMPORTANCE Patients at risk of invasive fungal infections (IFIs), such as Aspergillus
spp., tend to be immunocompromised and usually take several medications which
may generate many side effects. Prescribing is further complicated by comorbidities,
drug interactions and challenges accessing diagnostics. Therefore, adding another
agent may be neither straightforward nor the best option for these types of patients.
A diagnostic-driven (DD) treatment strategy has proven successful for treating IFIs.
However, uptake of this treatment strategy is not fully embraced in clinical practice
perhaps because this strategy is thought to be more costly and/or to result in higher
mortality relative to treating empirically. We developed a decision-analytic model to
examine the impact of these 2 strategies on costs and health outcomes. This study
indicates that incorporating a DD strategy as the preferred treatment protocol may
be a cost-saving and clinically improved treatment strategy for managing neutro-
penic patients with unexplained fever.
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Aspergillosis, an invasive fungal infection (IFI) caused by the Aspergillus spp., is an
infection with a high mortality in severely immunocompromised patients (1–3).

The annual incidence has been found to range from 0.2 to 8.0% in various risk groups
in the United Kingdom (UK) (4).

Patients are typically treated empirically with antifungal agents. In some cases, pro-
phylaxis treatment is used. However, treatments are limited to those agents that are
indicated for empirical use, meaning agents that are most effective in treating
Aspergillus may not be used initially. In addition, patients at risk already tend to be on
a large number of pharmacological agents where adding another agent may not be
the best option for the patient.

A diagnostic-driven (DD) treatment strategy has proven successful for treating IFIs
caused by Aspergillus in hematology patients (5–9). A DD strategy is one in which patients
are tested and receive a positive test for infection with various fungal pathogens. Once the
pathogen is identified, treatment can then be determined, and the best agent selected.
However, treating via this approach is often thought of as being more costly because the
use of expensive diagnostics is incurred and treating via empirical-treatment (ET) is thought
to result in lower mortality because infections are less likely to be missed. Some hospitals
which have adopted a DD strategy commence antifungals empirically and then review
them once diagnostic tests are back.

Economic evaluations of the DD treatment strategy have been published that show
that this treatment approach is both less costly and more effective (5–12). However,
uptake of this treatment strategy is still not fully embraced despite growth in the pop-
ulation at risk, more appropriate treatment options becoming available, and real-world
data to support a better understanding of the potential benefits from a reduced reli-
ance on empirical treatment. This study compares the economic and clinical impact of
DD and ET strategies used within a hospital while considering a more comprehensive
treatment pathway, broader choice of antifungal treatments and their clinical risks and
benefits, real-world resource use, and a broader set of outcomes.

RESULTS

Out of 1,000 at-risk patients, 41 IFIs were estimated to occur; 109 IFIs would have
occurred without prophylaxis. Use of a DD strategy was estimated to identify and treat
33 of those cases, whereas ET would have likely identified 10 cases. However, 57
patients would have been treated via ET.

Although increased costs occurred due to diagnostic testing for the DD strategy,
per-patient costs related to antifungal agent use were higher in patients receiving ET
and average patient total costs were reduced (£20,230 for DD versus £21,351 for ET).
Days in the intensive care unit (ICU) and general ward accounted for . 40% of the
total costs and . 58% of the cost reduction came from reduced antifungal costs.
Given that survival among patients was similar (90.32% for DD and 89.50% for ET), a
DD strategy was a cost-saving (less costly and more effective at -£136,787 per death
avoided) strategy. Base-case results are presented in Table 1.

Sensitivity analysis. One-way sensitivity analysis (Fig. 1) found the difference in
total costs were most sensitive to changes in the relative increase in the number
of patients treated empirically versus the DD strategy, such that ET became less
costly when fewer patients were treated unnecessarily. The cost of treating via ET
approached the cost of treating via a DD strategy when ET causes treatment of
less than 1.5 times more patients.

Results were also sensitive to changes in the day at which switching occurs due to
nonresponse to liposomal amphotericin B when treating empirically. In this situation,
the sooner patients treated with ET could switch to caspofungin, the lower an ET
patient’s costs became because patients were switched to a cheaper drug. This led us
to perform a scenario analysis in which we compared the DD strategy with an ET strat-
egy in which all patients were treated with caspofungin as a first-line antifungal agent.
Although the cost of first-line caspofungin treatment was lower, ET with caspofungin

Diagnostic-Driven Strategy Economic Evaluation Microbiology Spectrum

May/June 2022 Volume 10 Issue 3 10.1128/spectrum.00425-22 2

D
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//j

ou
rn

al
s.

as
m

.o
rg

/jo
ur

na
l/s

pe
ct

ru
m

 o
n 

18
 A

ug
us

t 2
02

2 
by

 1
39

.2
22

.1
20

.1
29

.

https://journals.asm.org/journal/spectrum
https://doi.org/10.1128/spectrum.00425-22


was more costly (;£2,000) because caspofungin is not as efficacious. Changes in all
other parameters within their plausible ranges (Fig. 1) did not affect the results in that
the DD strategy remained less costly than the ET.

Probabilistic sensitivity analysis (Fig. 2) showed that the DD strategy is less costly
86.17% of the time. The simulations support the conclusion that the DD strategy and
the ET strategy have similar survival where 53.42% of the time survival is slightly better

TABLE 1 Base-case resultsa

Model outcomes
Diagnostic-driven
strategy

Empirical-treatment
strategy

Incremental
difference

Outcomes per 1,000 at-risk patients
Total invasive fungal infections that exist 41 41 0.00
Total patients treated 33 57 223.27
Total invasive fungal infections treated 33 33 0.00
Patients treated when invasive fungal infections exists and has been diagnosed 33 10 23.32

Total costs (per patient) £20,230 £21,351 2£1,121
Antifungal and associated costs £6,836 £7,517 2£441
ICU costs £607 £662 2£55
General ward costs £7,627 £8,239 2£612
Other medical costs £5,160 £4,933 2£680

Total LOS (per patient) 19.13 20.68 21.54
ICU days 0.40 0.44 20.04
General ward days 18.73 20.24 21.50

No. of patients dead (per 1,000 at-risk patients) 5.48 5.94 20.46
Probability of survival 90.32% 89.50% 0.82%
No. needed to treat 122
aICU = intensive care unit; LOS = length of stay.

FIG 1 Impact on the difference in total cost when changing parameters one at a time.
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for patients treated via the DD strategy. The DD strategy was dominant 50.6% of the
time, and the incremental cost per death avoided was cost-effective at £30,000 or less
82.22% of the time. However, these results should be interpreted with caution as the
two approaches have similar survival. As a result, a good portion of the simulations fall
within the third quadrant (35.57%) where the DD strategy is less costly and less
effective.

DISCUSSION

Although a DD strategy increases costs due to performing additional diagnostics
upfront, a DD strategy reduces spending on antifungal agents. Further, overall costs
are not increased and may even be slightly lower due to avoiding unnecessary treat-
ment with costly antifungal agents. Given that this population of patients is already on
a large number of pharmaceutical agents, a DD strategy could also reduce the pharma-
ceutical burden and possibly lead to fewer adverse events and drug-drug interactions
that may not have been able to be fully accounted for within this analysis.

Along with this beneficial economic impact, patient survival seems to be similar among
patients treated with DD and ET because patients are better selected for treatment (i.e.,
patients with infection receive more efficacious agents while avoiding unnecessary

FIG 2 Probabilistic sensitivity analysis. A: Scatter plot. B: Cost-effectiveness acceptability curve.
Dotted diagonal line represents an incremental cost per death avoided of £30,000. Black square
represents the deterministic result.
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treatment), which is consistent with the clinical trials that examine the efficacy of a DD
strategy. In addition, the DD strategy has the potential to free up beds in both the ICU and
general ward for other patients, reducing burden to the overall health care system.

Several economic evaluations of treatments for IFIs have been published. Most
focus on comparing treatment of IFIs with one antifungal agent versus another anti-
fungal agent within their respective indications (i.e., empirical therapy or known infec-
tion) (12–16). Few have focused on the comparison of treatment using a DD versus an
ET strategy (10, 11, 17, 18). This analysis differs from Macesic et al. (18) in that it
attempts to mimic real-world practice in the UK whereas Macesic et al. used trial-based
costing with an Australian perspective and United States-based costs (18). Although
this analysis is similar to the Barnes et al. (10) and Mao et al. (11) analyses, there are im-
portant differences that make this analysis valuable. Among a few of the importance
differences are the incorporation of additional antifungal agents. Over the past several
years, new antifungal agents (i.e., posaconazole and isavuconazole) have been
approved for use in this population of patients. This analysis includes the real-world
use of those antifungal agents and a revised treatment pathway by including second-
line treatment and a more comprehensive impact of prophylaxis. With this, we have
incorporated the clinical impact from various comparative effectiveness studies that
have since been published (19–21). Furthermore, we have been able to capture more
of a real-world impact by incorporating resource use seen in actual U.K. clinical practice
(22) and LOS in the ICU and general ward.

Although this analysis considers more comprehensive treatment pathways and is more
representative of actual clinical practice, it is not without limitations. Specifically, ICU and
general ward days given different clinical outcomes (i.e., IFI exists/does not exist, and neph-
rotoxicity occurs/does occur) were estimated from the SECURE clinical trial and enhanced
with information from various published studies rather than obtained for each patient
type. It would be preferable to be able to include estimates of LOS that may have been
seen in actual clinical practice; however, LOS was found to not be a key driver of cost differ-
ences between the different treatment strategies. As a result, we believe that results would
not be impacted much with more refined estimates.

The model assumptions for general IFI incidence, overall mortality and IFI mor-
tality were taken from the experience of a single tertiary care center in Germany
over 1995–2006 (23), and therefore might not reflect the experience of other cen-
ters, nor reflect the benefits accrued from subsequent improvements in wider
patient management. However, it was felt this was balanced by the need to use
data from a period before the widespread use of triazole agents for prophylaxis to
avoid double counting the benefits of prophylaxis in this analysis. Furthermore, the
incidence of IFI in the earlier study (10.9%) is consistent with that seen in a meta-
analysis of prophylaxis clinical studies published in 2016 in which the reported av-
erage incidence was 12.5% (19).

Although resource use within the model was obtained from actual clinical practice,
they were obtained from a single hospital site in the UK, which might not represent
resource use seen in other hospitals. Further, these data were based on treatment as seen
in 2008 to 2010. A number of new antifungal treatments have been approved over the
past several years, which could impact actual resource use. However, the data from Ceesay
et al. (22) were comprehensive and did demonstrate differences when patients had pro-
ven/probable versus no evidence of IFI. This evidence is more than what has been seen in
previous publications.

The model allows for multiple tests (galactomannan [GM], polymerase chain reac-
tion [PCR], and b-D glucan) to be given. However, the sensitivity/specificity of tests
given in combinations and/or in a series are not well published. As a result, it may be
questionable whether the accuracy of the diagnostics is accounted for appropriately.
The sensitivity of diagnostic tests affects the number of patients who are ultimately
deemed to have an IFI and to be treated. The sensitivity of tests is also affected by the
use of prophylactic, mold-active azoles (i.e., posaconazole). We believe that when

Diagnostic-Driven Strategy Economic Evaluation Microbiology Spectrum

May/June 2022 Volume 10 Issue 3 10.1128/spectrum.00425-22 5

D
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//j

ou
rn

al
s.

as
m

.o
rg

/jo
ur

na
l/s

pe
ct

ru
m

 o
n 

18
 A

ug
us

t 2
02

2 
by

 1
39

.2
22

.1
20

.1
29

.

https://journals.asm.org/journal/spectrum
https://doi.org/10.1128/spectrum.00425-22


treating patients, physicians will err on the conservative side of treatment, such that if
any of the tests resulted in a positive, patients would be treated with antifungal agents
indicative of an IFI existing. Thus, the results of this analysis would not be that far from
what may be seen in actual clinical practice. We assumed that the DD strategy and ET
were initiated at the same time in our model. We did this as we noted that just because
a DD strategy is incurred, it does not mean that patients have to wait to be treated. As
such, we incorporated this clinical recommendation into the analysis.

In conclusion, a DD strategy may be able to more efficiently identify patients who
are likely to benefit from IFI treatment in a population already exposed to multiple
drug therapies (i.e., reduce the pharmaceutical burden and possibly lead to fewer
adverse events) and reduce bed days. Although there were increased costs due to the
use of diagnostic assays, incorporating a DD strategy as the preferred treatment proto-
col may be cost-saving and may improve survival for managing patients with neutro-
penia with unexplained fever.

MATERIALS ANDMETHODS
We adapted a previously developed decision-analytic model to compare the cost and outcomes

that may be experienced by patients treated via ET and a DD strategy based on typical antifungal
use (10, 11).

The model was developed from a U.K. perspective with a time horizon of 6 months. Details are avail-
able in the Supplementary Material. Good modeling practices guidelines and the Consolidated Health
Economic Evaluation Reporting Standards (CHEERS) were followed (24–26).

Patient population. Patients were severely immunocompromised adults (18 years of age or older),
such as those with hematological malignancies scheduled for chemotherapy or autologous/allogeneic
stem-cell transplantation. Patients were expected to become neutropenic (neutrophil count , 500 cells/
mm3) for at least 10 days (5–9).

Comparators. We compared the impact of treating patients using 2 treatment strategies as seen in
actual clinical practice in the UK.

DD treatment. Patients initiate antifungal treatment with confirmation of IFI through clinical assess-
ment, Aspergillus colonization, and/or enzyme-linked immunosorbent assay (ELISA) positive results iden-
tified through bronchoalveolar galactomannan (BAL-GM), serum GM, PCR, or b-d-glucan test and posi-
tive or abnormal computed tomography (CT) scan and fever. DD treatment is started just as early as ET.
Patients treated via a DD strategy are treated with caspofungin (15.8%), isavuconazole (12.2%), voricona-
zole (12.7%), or liposomal amphotericin B (59.3%) (27–32).

ET. Patients initiate antifungal treatment when they are suspected of having an IFI (i.e., when they
had persistent and/or recurrent fever and were unresponsive to antibacterial therapies) but do not have
further confirmation of the existence of an IFI. Patients treated via ET are treated with liposomal ampho-
tericin B (65.8%) or caspofungin (34.2%) (27, 28, 31).

Model structure. Patients with neutropenia who are at risk for IFI enter the decision tree model
(Fig. 3). Patients receive standard clinical management of blood cultures, imaging, and other monitoring
and microbiological tests, as indicated. These patients also receive broad-spectrum antibiotics and are
treated prophylactically with posaconazole.

At a clinically appropriate time, a decision is made to treat this cohort via a DD strategy or an ET
strategy. Patients receiving ET (Fig. 3A) are treated with a first-line antifungal agent on the basis of clini-
cal suspicion of aspergillosis (i.e., patients have/don’t have the existence of IFI confirmed). Responding
patients continue treatment with this antifungal agent until the IFI resolves or death. Nonresponding
patients switch to a second-line antifungal agent. Patients continue this treatment until the IFI resolves
or death. In this arm of the decision tree, patients may have an IFI and it is diagnosed, have an IFI and it
never be diagnosed, or may not have an IFI at all.

In the DD strategy (Fig. 3B), the decision to treat with an antifungal agent is based on a confirmed di-
agnosis of an IFI from clinical and biomarker findings. Patients without a confirmed diagnosis receive
optimal care without antifungal agents. Patients with a confirmed diagnosis either respond or do not
respond to a first-line antifungal agent. Based on response, patients receive a second-line antifungal
agent or not. The IFI either resolves or the patient will die as a result.

Patients in the DD strategy are treated similarly to patients in ET, except that patients treated with a
DD strategy receive additional health care resources in order to diagnose the IFI. It is assumed that the
DD strategy and ET are initiated at the same time.

Model inputs. (i) Incidence of IFIs. Incidence of IFIs of 10.9% (95% confidence interval [CI], 9–13%)
was obtained from a retrospective cohort study designed to evaluate the IFI incidence and mortality in
patients at risk for IFIs (23). As seen in the DD and empirical comparative clinical studies, ET identified
29% to 31% of the IFIs that the DD strategy confirmed (5, 9). We assumed 1.6987 times more patients
are treated when treating via ET (5, 33, 34).

(ii) Sensitivity of DD tests. The sensitivity of the diagnostic tests, such as PCR, BAL-GM, serum GM,
and b-d-glucan (i.e., proportion of positives that are correctly identified), was considered in the model.
Patients in the DD strategy received multiple tests to identify IFI. These tests may occur in combination
or in sequence with each other. Because the sensitivity of combination and sequentially given tests for
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identifying IFI are limited in the literature, we assume sensitivity based on a single test. Sensitivity in this
analysis was assumed to be 0.82 using PCR in the base case (35). We examine the impact of changes in
sensitivity in sensitivity analysis.

(iii) Prophylaxis. Patients were treated prophylactically with posaconazole, which impacts the inci-
dence of IFI. The odds of an IFI relative to no treatment was 0.13 (95% CI, 0.05–0.30) (19). The odds ratio
was converted to relative risk. Prophylaxis treatment was given for 8.0 (4.86–11.14) days (5).

(iv) Response. Odds of response for patients on antifungal agents when patients have an IFI were
obtained from a meta-analysis (20). From these data, the relative risk of response and the percentage of
patients responding to treatment was calculated (Table 2).

Response for patients with no proven IFI was calculated using data from the ET trials. Specifically,
odds of response for patients on ET was obtained from a network meta-analysis of ET trials (21). These
data were then used to calculate response given no IFI (Table 2), which differs depending upon which
antifungal agent the patient received.

(v) Second-line treatment. Patients who do not respond to first-line treatment switch to second-
line treatment after 7 days of first-line treatment, consistent with clinical opinion (C. Micallef and D.
Enoch, Cambridge University Hospitals NHS Foundation Trust, personal communication). In the DD strat-
egy, patients treated with liposomal amphotericin B switch to isavuconazole. Patients treated with vori-
conazole, isavuconazole, or caspofungin switch to liposomal amphotericin B. This is consistent with
recent cost-effectiveness analysis in patients with invasive aspergillosis (13–15).

In ET, patients treated with liposomal amphotericin B switch to caspofungin, while patients treated
with caspofungin switch to liposomal amphotericin B.

(vi) Mortality. For patients at risk for IFIs, clinical success is typically defined as surviving treatment. As
such, base mortality or mortality for patients with an IFI/on amphotericin B treatment and for patients
without an IFI are calculated based on a retrospective, real-world cohort of high-risk patients (23). Details
are presented in the Supplementary Materials. Relative risk adjustments to mortality for patients in whom
IFI exists while being treated with other antifungal agents were obtained from a meta-analysis (Table 2).

(vii) Adverse events. Adverse events were limited to hypertension, hepatotoxicity, nephrotoxicity,
and tachycardia (i.e., those that tended to occur in 10% or more of patients and/or were deemed to be
clinically significant or resource intensive) (C. Micallef and D. Enoch, Cambridge University Hospitals NHS

FIG 3 Model structure. A: Empirical treatment. B: Diagnostic-driven treatment.
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Foundation Trust, personal communication). The percentage of patients experiencing adverse events
were obtained from the clinical trials (Table 2) (36–39).

(viii) Resource use and costs. The dosing for each antifungal agent was obtained from the U.K.
summary of product characteristics (SmPC) for each medicine and confirmed by the key opinion leaders
(C. Micallef and D. Enoch, Cambridge University Hospitals NHS Foundation Trust, personal communica-
tion) (28–31, 40–42). Patients are first treated with intravenous (IV) therapy and then stepped down to
oral therapy with the same treatment or with posaconazole if the IV treatment does not have an oral for-
mulation. An average patient weight of 77.91 kg is assumed for costing (43). Dosing and administration
and acquisition costs are presented in Table 3.

Durations of IV and oral antifungal treatment were estimated from a variety of clinical studies
(Table 3). Because of the limited availability of data, the duration of treatment for patients treated via
DD strategy or ET was assumed to be the same. Patients switching to second line are assumed to have
7 days of IV treatment of their first-line antifungal treatment. Once they switch, they incur the full dura-
tion of treatment as if they were successful on first-line treatment.

Patients on azoles are subjected to therapeutic drug monitoring. The frequency of monitoring was
obtained from Ashbee et al. (44) and is reported in Table 3.

The model considers length of stay (LOS) in terms of general ward and intensive care unit (ICU) days.
It further distinguishes LOS by whether patients have an IFI with nephrotoxicity, an IFI without nephro-
toxicity, or no IFI as LOS is likely to differ by these outcomes. The LOS by patient type is presented in
Table 4 and details are presented in the Supplementary Materials.

The number, frequency, and types of diagnostic tests administered for the DD strategy and the num-
ber, frequency, and types of other health care resources administered for patients in whom IFIs exist/do

TABLE 2 Clinical inputs: base case (range)a

Clinical effect
Odds of response: IFI existsb

(relative to isavuconazole)

Odds of response: ET
and given no IFI
strategyc (relative to
amphotericin B)

Mortality for patients with
IFI when treated with
antifungal agentsd

(relative to isavuconazole)
Percentage responding 0.35 0.39 0.30
Caspofungin 20.99 (95% CI,22.21 to 0.29) 0.72 (95% CI, 0.38 to 1.29) 0.32 (95% CI,20.19 to 0.84)
Isavuconazole —g 0.92 (95% CI, 0.43 to 1.76)h —g

Liposomal amphotericin B 20.99 (95% CI,22.21 to 0.29) 0.80 (95% CI, 0.52 to 1.24) 0.18 (95% CI,21.17 to 1.52)
Voriconazole 0.06 (95% CI,20.43 to 0.57) 0.92 (95% CI, 0.43 to 1.76) 0.32 (95% CI,20.19 to 0.84)

Adverse eventse Hepatotoxicity Hypertension Nephrotoxicityf Tachycardia
Liposomal amphotericin B 14.21% 0.60% 12.13% 0.60%
Caspofungin 12.01% 0.60% 3.23% 0.60%
Isavuconazole 6.94% 0.60% 11.53% 0.60%
Voriconazole 8.82% 0.60% 11.53% 0.60%
aCI = confidence interval; ET = empirical treatment; IFI = invasive fungal infection.
bHerbrecht et al. (20) and Maertens et al. (39) caspofungin response was assumed to be similar to liposomal amphotericin B (21).
cChen et al. (21) estimated as weighted average of Boogaerts et al. (47), Schuler et al. (48), and Herbrecht et al. (20).
dHerbrecht et al. (20) and Maertens et al. (39) overall mortality for caspofungin was assumed to be similar to overall mortality experienced by patients on voriconazole as it
was considered a novel antifungal agent in Hahn-Ast et al. (23).

eWalsh et al. (36), Walsh et al. (37), Walsh et al. (38), and Maertens et al. (39).
fAmphotericin B trials defined as a doubling of the serum creatinine level or an increase of at least 1 mg/dL (88mmol/L) if elevated at baseline. (36) Caspofungin defined as
increase in total bilirubin for caspofungin. (38) Isavuconazole was taken from Maertens et al. (39). Voriconazole defined as. 1.5 times x baseline of serum bilirubin during
therapy for voriconazole. (37).
g—, this is the reference drug. As a result, there is no odds relative to itself.
hIsavuconazole was found to be similar in efficacy to voriconazole in the SECURE trial. Response given empirical treatment assumed similar to voriconazole (39).

TABLE 3 Antifungal agent resource use and costs: base case (rangea)

Antifungal
Antifungal
costsb Administration timec Duration of treatmentd

Therapeutic drug
monitoringe

Caspofungin 70 mg vial £52.91 1.00 18 (Interquartile, 13, 34) NA
Caspofungin 50 mg vial £42.90 1.00 18 (Interquartile, 13, 34) NA
Isavuconazole 200 mg vial £297.84 1.00 8.50 (SD, 9.05) 1.00
Isavuconazole 100 mg tablet £42.81 NAf 38.25 (SD, 23.20) 1.00
Liposomal amphotericin B 50 mg vial £82.19 1.00 18 (Interquartile, 13, 34) NA
Voriconazole 200 mg vial £77.14 2.0 (day 1), 1.5 (day 21) 8.50 (SD, 9.05) 1.00
Voriconazole 200 mg tablet £22.64 NA 38.25 (SD, 23.20) 1.00
Posaconazole 100 mg tablet £2.39 NA Prophylaxis: 8 step down treatment: 44.44 1.00
aEstimates with no identified range used6 20%. Dashes indicate not applicable. SD = standard deviation.
bInternational Institute for Health Care and Excellence (2020) (49).
cFungizone SmPC (2019) (50), CANCIDAS SmPC (2020) (28), CRESEMBA SmPC (2020) (29), AmBisome Liposomal SmPC (2018) (31), and VFEND SmPC (2020) (30).
dMarty et al. (51) and Horn et al. (52).
eAshbee et al. (44).
fNA, not applicable.
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not exist were obtained from a U.K. study in which the resource use of patients with suspected IFI was
obtained (22). These data were adjusted for patients’ respective LOS and are presented in Table 4.

Costs for treating adverse events were based on resource use as recommended by published treat-
ment guidelines, where available, and are supplemented by key opinion leaders’ input (Table 4) (C.
Micallef and D. Enoch, Cambridge University Hospitals NHS Foundation Trust, personal communication).

All costs were presented in 2020 British pounds sterling. Value added tax (VAT) of 20% was included
for administration of all inpatient drugs (45). Additional details on resource use and costs used within
the model is presented in the Supplementary Materials.

Model analysis. Outcomes included the number of IFIs that exist in addition to the number of
patients treated, IFIs treated, and IFIs identified and treated. The LOS in the ICU, LOS in the general
ward, and patient survival were also estimated. Costs in terms of administration, acquisition for anti-
fungal prophylaxis and treatment, and other health care resources were calculated.

The incremental cost per death avoided was calculated as follows:

¼ C1 2 C2ð Þ � Q1 2 Q2ð Þ

where C1 is total cost incurred when treated via the DD strategy, C2 is total cost incurred when treated
via ET, Q1 is total survival when treated via the DD strategy, and Q2 is total survival when treated via ET.

TABLE 4 Other medical resource use and costsa

Diagnostic testsb
Percentage
receivingc

No. resources
no evidence
of IFIc

No. resources
no evidence
of IFIc

Cost per
unitd

Aspergillus galactomannan antigenemia test (serum or BAL) 100.00% 27.00 9.00 £117.30
Aspergillus PCR test 100.00% 2.00 0.00 £231.34
b-D-glucan test 100.00% 3.00 1.00 £77.85

Resources

Resource use when IFI exists
Resource use when no evidence
of IFI

Cost per
unitd

Percentage
receivingc

No. of
resourcesc

Percentage
receivingc

No. of
resourcesc

Chest X-ray 83.33% 4.00 83.33% 1.00 £120.83
Blood culture 100.00% 17.00 100.00% 4.00 £3.71
Testing for hypomagnesaemia 87.78% 30.00 100.00% 12.00 £1.10
Nasal, pharyngeal, and rectal swab 100.00% 30.00 100.00% 12.00 £1.10
CT scan (one area, no contrast) 100.00% 4.00 100.00% 1.00 £77.95
Full blood count 100.00% 28.00 100.00% 16.00 £6.28
Liver function test 100.00% 28.00 100.00% 16.00 £1.76
C-reactive protein test 100.00% 25.00 100.00% 1.00 £1.76
Renal function test 100.00% 30.00 100.00% 12.00 £6.28
Bronchoscopy 25.00% 1.00 18.00% 1.00 £787.14
Bronchoalveolar lavage 25.00% 1.00 18.00% 1.00 £787.14
Lung biopsy 2.00% 1.00 2.00% 1.00 £967.40
Outpatient visits 100.00% 5.00 100.00% 4.00 £166.51
Antibiotics 100.00% 120.00 100.00% 23.00 £116.63
avg LOS in hospital for resources above (days) 120.00 57.00

LOSe
ICU
days

General
ward days

Total
LOS

IFI exists, nephrotoxicity 0.70 28.39 29.09
IFI exists, no nephrotoxicity 0.30 19.09 19.39
IFI does not exist, antifungal treatment and nephrotoxicity 0.50 13.43 13.93
IFI does not exist, antifungal treatment with no nephrotoxicity 0.10 9.19 9.29
IFI does not exist, no antifungal treatment 0.10 9.19 9.29

Adverse eventsf Cost (£)
Hypertension £1,054.82
Tachycardia £1,135.88
Nephrotoxicity £58.20
Hepatotoxicity £73.23
aBAL = bronchoalveolar lavage; CT = computed tomography; ICU = intensive care unit; IFI = invasive fungal infection; LOS = length of stay; PCR = polymerase chain reaction.
Range of6 20% used in sensitivity analyses for all parameters.

bResource use was normalized to the LOS used our analysis.
cCeesay et al. (22) and personal communications with C. Micallef and D. Enoch (2021).
dNHS (2020) (53), NICE (2017) (54), NICE (2020) (55), Curtis and Burns (2019) (56), and Talent.com (2021) (57).
eHorn et al. (52), Ceesay et al. (22), and Bruynesteyn. (13).
fEASL (2019) (58), Curtis and Burns (2019) (56), NHS (2020) (53), Resuscitation Council (UK) (2015) (59), International Institute for Health Care and Excellence (2020)
(49), NICE (2019) (60), and personal communications with C. Micallef and D. Enoch (2021).
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Sensitivity analyses. To test the robustness of the model assumptions and specific parameters used
in the analysis, we examined the effect of changing parameters and assumptions in one-way sensitivity
analyses.

Probabilistic sensitivity analyses (second-order Monte Carlo simulation) were also performed.
Analyses were run 10,000 times to ensure stability in the results.

Data availability. A decision model was developed which compiled data from published sources to
generate results.

SUPPLEMENTAL MATERIAL

Supplemental material is available online only.
SUPPLEMENTAL FILE 1, PDF file, 0.2 MB.

ACKNOWLEDGMENTS
This study was conducted by RTI Health Solutions, Research Triangle Park, NC under the

direction of Pfizer, Inc., and was funded by Pfizer, Inc. Stephanie R. Earnshaw and Cheryl
McDade are employees of RTI Health Solutions, a not-for-profit contract research organization
that performs health outcomes research for Pfizer and other biotechnology, pharmaceutical,
and diagnostic/medical device manufacturers. Andrew Bryan, Monica Ines, and Anita Sung are
employees of Pfizer, Inc., the manufacturer of the isavuconazole and voriconazole. Christianne
Micallef and David A. Enoch are employees of Cambridge University Hospitals. This study was
conducted by RTI Health Solutions with the ability to independently design and determine
inputs for the analysis. Portions of this work have been previously presented at the European
Congress of Clinical Microbiology & Infectious Diseases (ECCMID) (46). Christianne Micallef was
a paid consultant to Pfizer in connection with the development of this manuscript. David A.
Enoch did not receive any funding for this study. All authors had full access to all the data in
this study and take complete responsibility for the integrity of the data and accuracy of the
data analysis.

REFERENCES
1. Marr KA, Carter RA, Boeckh M, Martin P, Corey L. 2002. Invasive aspergillosis in

allogeneic stem cell transplant recipients: changes in epidemiology and risk
factors. Blood 100:4358–4366. https://doi.org/10.1182/blood-2002-05-1496.

2. Felton TW, Roberts SA, Isalska B, Brennan S, Philips A, Whiteside S, Doran HM,
Leonard C, Al-Aloul M, Yonan N, HopeWW. 2012. Isolation of Aspergillus spe-
cies from the airway of lung transplant recipients is associated with excess
mortality. J Infect 65:350–356. https://doi.org/10.1016/j.jinf.2012.07.008.

3. Enoch DA, Yang H, Aliyu SH, Micallef C. 2017. The changing epidemiology
of invasive fungal infections. Methods Mol Biol 1508:17–65. https://doi
.org/10.1007/978-1-4939-6515-1_2.

4. Pegorie M, Denning DW, Welfare W. 2017. Estimating the burden of inva-
sive and serious fungal disease in the United Kingdom. J Infect 74:60–71.
https://doi.org/10.1016/j.jinf.2016.10.005.

5. Cordonnier C, Pautas C, Maury S, Vekhoff A, Farhat H, Suarez F, Dhédin N,
Isnard F, Ades L, Kuhnowski F, Foulet F, Kuentz M, Maison P, Bretagne S,
Schwarzinger M. 2009. Empirical versus preemptive antifungal therapy
for high-risk, febrile, neutropenic patients: a randomized, controlled trial.
Clin Infect Dis 48:1042–1051. https://doi.org/10.1086/597395.

6. Girmenia C, Micozzi A, Gentile G, et al. 2010. Clinically driven diagnostic
antifungal approach in neutropenic patients: a prospective feasibility
study. J Clin Oncol 28:667–74.

7. Hebart H, Klingspor L, Klingebiel T, Loeffler J, Tollemar J, Ljungman P, Wandt
H, Schaefer-Eckart K, Dornbusch HJ, Meisner C, Engel C, Stenger N, Mayer T,
Ringden O, Einsele H. 2009. A prospective randomized controlled trial com-
paring PCR-based and empirical treatment with liposomal amphotericin B in
patients after allo-SCT. Bone Marrow Transplant 43:553–561. https://doi.org/
10.1038/bmt.2008.355.

8. Maertens J, Theunissen K, Verhoef G, Verschakelen J, Lagrou K, Verbeken E,
Wilmer A, Verhaegen J, Boogaerts M, Van Eldere J. 2005. Galactomannan and
computed tomography-based preemptive antifungal therapy in neutropenic
patients at high risk for invasive fungal infection: a prospective feasibility
study. Clin Infect Dis 41:1242–1250. https://doi.org/10.1086/496927.

9. Pagano L, Caira M, Nosari A, Cattaneo C, Fanci R, Bonini A, Vianelli N,
Garzia MG, Mancinelli M, Tosti ME, Tumbarello M, Viale P, Aversa F, Rossi
G, on behalf of the HEMA e-Chart Group, Italy. 2011. The use and efficacy
of empirical versus pre-emptive therapy in the management of fungal

infections: the HEMA e-Chart Project. Haematologica 96:1366–1370.
https://doi.org/10.3324/haematol.2011.042598.

10. Barnes R, Earnshaw S, Herbrecht R, Morrissey O, Slavin M, Bow E, McDade C,
Charbonneau C, Weinstein D, Kantecki M, Schlamm H, Maertens J. 2015. Eco-
nomic comparison of an empirical versus diagnostic-driven strategy for treat-
ing invasive fungal disease in immunocompromised patients. Clin Ther 37:
1317–1328.e2. https://doi.org/10.1016/j.clinthera.2015.03.021.

11. Mao N, Lesher B, Liu Q, Qin L, Chen Y, Gao X, Earnshaw SR, McDade CL,
Charbonneau C. 2016. Economic analysis of empiric versus diagnostic-
driven strategies for immunocompromised patients with suspected fun-
gal infections in the People's Republic of China. Clinicoecon Outcomes
Res 8:275–285.

12. Harrington R, Lee E, Yang H, Wei J, Messali A, Azie N, Wu EQ, Spalding J.
2017. Cost-effectiveness analysis of isavuconazole vs. voriconazole as first-
line treatment for invasive Aspergillosis. Adv Ther 34:207–220. https://doi
.org/10.1007/s12325-016-0443-1.

13. Bruynesteyn K, Gant V, McKenzie C, Pagliuca T, Poynton C, Kumar RN,
Jansen JP. 2007. A cost-effectiveness analysis of caspofungin vs. liposo-
mal amphotericin B for treatment of suspected fungal infections in the
UK. Eur J Haematol 78:532–539. https://doi.org/10.1111/j.1600-0609.2007
.00850.x.

14. Floros L, Kuessner D, Posthumus J, Bagshaw E, Sjölin J. 2019. Cost-effec-
tiveness analysis of isavuconazole versus voriconazole for the treatment
of patients with possible invasive aspergillosis in Sweden. BMC Infect Dis
19:134. https://doi.org/10.1186/s12879-019-3683-2.

15. Floros L, Pagliuca A, Taie AA, Weidlich D, Rita Capparella M, Georgallis M,
Sung AH-Y. 2020. The cost-effectiveness of isavuconazole compared to the
standard of care in the treatment of patients with invasive fungal infection
prior to differential pathogen diagnosis in the United Kingdom. J Med Econ
23:86–97. https://doi.org/10.1080/13696998.2019.1638789.

16. Bagshaw E, Enoch DA, Blackney M, Posthumus J, Kuessner D. 2018. Eco-
nomic impact of treating invasive mold disease with isavuconazole com-
pared with liposomal amphotericin B in the UK. Future Microbiol 13:
1283–1293. https://doi.org/10.2217/fmb-2018-0119.

17. Drgona L, Khachatryan A, Stephens J, Charbonneau C, Kantecki M, Haider
S, Barnes R. 2014. Clinical and economic burden of invasive fungal

Diagnostic-Driven Strategy Economic Evaluation Microbiology Spectrum

May/June 2022 Volume 10 Issue 3 10.1128/spectrum.00425-22 10

D
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//j

ou
rn

al
s.

as
m

.o
rg

/jo
ur

na
l/s

pe
ct

ru
m

 o
n 

18
 A

ug
us

t 2
02

2 
by

 1
39

.2
22

.1
20

.1
29

.

https://doi.org/10.1182/blood-2002-05-1496
https://doi.org/10.1016/j.jinf.2012.07.008
https://doi.org/10.1007/978-1-4939-6515-1_2
https://doi.org/10.1007/978-1-4939-6515-1_2
https://doi.org/10.1016/j.jinf.2016.10.005
https://doi.org/10.1086/597395
https://doi.org/10.1038/bmt.2008.355
https://doi.org/10.1038/bmt.2008.355
https://doi.org/10.1086/496927
https://doi.org/10.3324/haematol.2011.042598
https://doi.org/10.1016/j.clinthera.2015.03.021
https://doi.org/10.1007/s12325-016-0443-1
https://doi.org/10.1007/s12325-016-0443-1
https://doi.org/10.1111/j.1600-0609.2007.00850.x
https://doi.org/10.1111/j.1600-0609.2007.00850.x
https://doi.org/10.1186/s12879-019-3683-2
https://doi.org/10.1080/13696998.2019.1638789
https://doi.org/10.2217/fmb-2018-0119
https://journals.asm.org/journal/spectrum
https://doi.org/10.1128/spectrum.00425-22


diseases in Europe: focus on pre-emptive and empirical treatment of As-
pergillus and Candida species. Eur J Clin Microbiol Infect Dis 33:7–21.
https://doi.org/10.1007/s10096-013-1944-3.

18. Macesic N, Morrissey CO, Liew D, Bohensky MA, Chen SC-A, Gilroy NM,
Milliken ST, Szer J, Slavin MA. 2017. Is a biomarker-based diagnostic strat-
egy for invasive aspergillosis cost effective in high-risk haematology
patients? Med Mycol 55:705–712.

19. Zhao YJ, Khoo AL, Tan G, Teng M, Tee C, Tan BH, Ong B, Lim BP, Chai LYA.
2016. Network meta-analysis and pharmacoeconomic evaluation of fluco-
nazole, itraconazole, posaconazole, and voriconazole in invasive fungal
infection prophylaxis. Antimicrob Agents Chemother 60:376–386. https://
doi.org/10.1128/AAC.01985-15.

20. Herbrecht R, Kuessner D, Pooley N, Posthumus J, Escrig C. 2018. System-
atic review and network meta-analysis of clinical outcomes associated
with isavuconazole versus relevant comparators for patients with invasive
aspergillosis. Curr Med Res Opin 34:2187–2195. https://doi.org/10.1080/
03007995.2018.1502659.

21. Chen K, Wang Q, Pleasants RA, Ge L, Liu W, Peng K, Zhai S. 2017. Empiric
treatment against invasive fungal diseases in febrile neutropenic patients:
a systematic review and network meta-analysis. BMC Infect Dis 17:159.
https://doi.org/10.1186/s12879-017-2263-6.

22. Ceesay MM, Sadique Z, Harris R, Ehrlich A, Adams EJ, Pagliuca A. 2015.
Prospective evaluation of the cost of diagnosis and treatment of invasive
fungal disease in a cohort of adult haematology patients in the UK. J Anti-
microb Chemother 70:1175–1181. https://doi.org/10.1093/jac/dku506.

23. Hahn-Ast C, Glasmacher A, Muckter S, Schmitz A, Kraemer A, Marklein G,
Brossart P, von Lilienfeld-Toal M. 2010. Overall survival and fungal infec-
tion-related mortality in patients with invasive fungal infection and neu-
tropenia after myelosuppressive chemotherapy in a tertiary care centre
from 1995 to 2006. J Antimicrob Chemother 65:761–768. https://doi.org/
10.1093/jac/dkp507.

24. Caro JJ, Briggs AH, Siebert U, Kuntz KM, ISPOR-SMDMModeling Good Research
Practices Task Force. 2012. Modeling good research practices–overview: a
report of the ISPOR-SMDM Modeling Good Research Practices Task Force–1.
Value Health 15:796–803. https://doi.org/10.1016/j.jval.2012.06.012.

25. Sanders GD, Neumann PJ, Basu A, Brock DW, Feeny D, Krahn M, Kuntz KM,
Meltzer DO, Owens DK, Prosser LA, Salomon JA, Sculpher MJ, Trikalinos
TA, Russell LB, Siegel JE, Ganiats TG. 2016. Recommendations for conduct,
methodological practices, and reporting of cost-effectiveness analyses:
second panel on cost-effectiveness in health and medicine. JAMA 316:
1093–1103. https://doi.org/10.1001/jama.2016.12195.

26. Husereau D, Drummond M, Augustovski F, de Bekker-Grob E, Briggs AH,
Carswell C, Caulley L, Chaiyakunapruk N, Greenberg D, Loder E, Mauskopf
J, Mullins CD, Petrou S, Pwu R-F, Staniszewska S, CHEERS 2022 ISPOR
Good Research Practices Task Force. 2022. Consolidated Health Economic
Evaluation Reporting Standards 2022 (CHEERS 2022) statement: updated
reporting guidance for health economic evaluations. BMJ 376:e067975.
https://doi.org/10.1136/bmj-2021-067975.

27. Pfizer. 2021. Pfizer data on file. Antifungal use across treatment settings:
latest Wave 3 market research – Conducted Nov 2019 - Feb 2020.

28. CANCIDAS SmPC. 2020. CANCIDAS 50mg (formerly Caspofungin MSD) sum-
mary of product characteristics. Merck Sharp & Dohme Limited, Hoddesdon,
Hertfordshire. http://www.medicines.org.uk/emc/medicine/12843/SPC/.

29. CRESEMBA SmPC. 2020. CRESEMBA (isavuconazole) summary of product
characteristics. Pfizer Limited, Sandwich, Kent. https://www.medicines.org
.uk/emc/product/5069/smpc.

30. VFEND SmPC. 2020. VFEND (voriconazole) summary of product character-
istics. Pfizer Limitedv Sandwich, Kent. http://www.medicines.org.uk/emc/
medicine/10059/SPC/.

31. AmBisome Liposomal SmPC. 2018. AmBisome Liposomal (liposomal ampho-
tericin) summary of product characteristics. Gilead Sciences Ltd., Cambridge,
United Kingdom. https://www.medicines.org.uk/emc/product/1022.

32. Patterson TF, Thompson GR, Denning DW, Fishman JA, Hadley S, Herbrecht
R, Kontoyiannis DP, Marr KA, Morrison VA, Nguyen MH, Segal BH, Steinbach
WJ, Stevens DA, Walsh TJ, Wingard JR, Young J-AH, Bennett JE. 2016. Practice
guidelines for the diagnosis and management of Aspergillosis: 2016 update
by the Infectious Diseases Society of America. Clin Infect Dis 63:e1–e60.
https://doi.org/10.1093/cid/ciw326.

33. Morrissey CO, Chen SC-A, Sorrell TC, Milliken S, Bardy PG, Bradstock KF, Szer
J, Halliday CL, Gilroy NM, Moore J, Schwarer AP, Guy S, Bajel A, Tramontana
AR, Spelman T, Slavin MA, Australasian Leukaemia Lymphoma Group and
the Australia and New Zealand Mycology Interest Group. 2013. Galacto-
mannan and PCR versus culture and histology for directing use of antifungal
treatment for invasive aspergillosis in high-risk haematology patients: a

randomised controlled trial. Lancet Infect Dis 13:519–528. https://doi.org/10
.1016/S1473-3099(13)70076-8.

34. Morrissey O, Chen S, Slavin M. 2011. Randomized controlled trial of two
diagnostic strategies for invasive aspergillosis (IA) in high-risk hematol-
ogy patients. Presented at the 51st Interscience Conference for Antimi-
crobial Agents and Chemotherapy, Chicago, IL.

35. Zou M, Tang L, Zhao S, Zhao Z, Chen L, Chen P, Huang Z, Li J, Chen L, Fan
X. 2012. Systematic review and meta-analysis of detecting galacto-
mannan in bronchoalveolar lavage fluid for diagnosing invasive aspergil-
losis. PLoS One 7:e43347. https://doi.org/10.1371/journal.pone.0043347.

36. Walsh TJ, Finberg RW, Arndt C, Hiemenz J, Schwartz C, Bodensteiner D,
Pappas P, Seibel N, Greenberg RN, Dummer S, Schuster M, Dismukes WE,
Holcenberg JS. 1999. Liposomal amphotericin B for empirical therapy in
patients with persistent fever and neutropenia. N Engl J Med 340:
764–771. https://doi.org/10.1056/NEJM199903113401004.

37. Walsh TJ, Lutsar I, Driscoll T, Dupont B, Roden M, Ghahramani P, et al.
2002. Voriconazole in the treatment of aspergillosis, scedosporiosis and
other invasive fungal infections in children. Pediatr Infect Dis J 21:
240–248. https://doi.org/10.1097/00006454-200203000-00015.

38. Walsh TJ, Teppler H, Donowitz GR, Maertens JA, Baden LR, Dmoszynska A,
Cornely OA, Bourque MR, Lupinacci RJ, Sable CA, dePauw BE. 2004. Cas-
pofungin versus liposomal amphotericin B for empirical antifungal ther-
apy in patients with persistent fever and neutropenia. N Engl J Med 351:
1391–1402. https://doi.org/10.1056/NEJMoa040446.

39. Maertens JA, Raad II, Marr KA, Patterson TF, Kontoyiannis DP, Cornely OA,
Bow EJ, Rahav G, Neofytos D, Aoun M, Baddley JW, Giladi M, Heinz WJ,
Herbrecht R, Hope W, Karthaus M, Lee D-G, Lortholary O, Morrison VA, Oren
I, Selleslag D, Shoham S, Thompson GR, Lee M, Maher RM, Schmitt-
Hoffmann A-H, Zeiher B, Ullmann AJ. 2016. Isavuconazole versus voricona-
zole for primary treatment of invasive mould disease caused by Aspergillus
and other filamentous fungi (SECURE): a phase 3, randomised-controlled,
non-inferiority trial. Lancet 387:760–769. https://doi.org/10.1016/S0140
-6736(15)01159-9.

40. Fluconazole SmPC. 2020. Fluconazole summary of product characteristics.
Milpharm Limited, South Ruislip, United Kingdom. https://www.medicines
.org.uk/emc/product/4722.

41. Itraconazole SmPC. 2020. Itraconazole oral solution summary of product
characteristics. Beacon Pharmaceuticals, Tunbridge Wells, Kent, United
Kingdom. https://www.medicines.org.uk/emc/product/3293/smpc.

42. Posaconazole Sandoz SmPC. 2020. Posaconazole Sandoz (posaconazole)
Summary of Product Characteristics. Sandoz Limited, Camberley, Surrey,
United Kingdom. https://www.medicines.org.uk/emc/product/11190.

43. National Health Service. 2016. Health Survey for England. 2016 trend tables.
https://digital.nhs.uk/data-and-information/publications/statistical/
health-survey-for-england/health-survey-for-england-2016.

44. Ashbee HR, Barnes RA, Johnson EM, Richardson MD, Gorton R, Hope WW.
2014. Therapeutic drug monitoring (TDM) of antifungal agents: guide-
lines from the British Society for Medical Mycology. J Antimicrob Chemo-
ther 69:1162–1176. https://doi.org/10.1093/jac/dkt508.

45. GOV.UK. 2020. VAT rates. https://www.gov.uk/vat-rates.
46. Earnshaw S, McDade C, Bryan A, Ines M, Micallef C, Enoch D. 2021. Economic

evaluation of diagnostic-driven versus empirical treatment strategies in high-
risk immunocompromised patients with suspected aspergillus infection. Pre-
sented at the European Congress of Clinical Microbiology & Infectious
Diseases (ECCMID), Vienna, Austria.

47. Boogaerts M, Winston DJ, Bow EJ, Garber G, Reboli AC, Schwarer AP,
Novitzky N, Boehme A, Chwetzoff E, De Beule K and Itraconazole Neutro-
penia Study Group. 2001. Intravenous and oral itraconazole versus intra-
venous amphotericin B deoxycholate as empirical antifungal therapy for
persistent fever in neutropenic patients with cancer who are receiving
broad-spectrum antibacterial therapy. A randomized, controlled trial.
Ann Intern Med 135:412–422. https://doi.org/10.7326/0003-4819-135-6
-200109180-00010.

48. Schuler U, Bammer S, Aulitzky WE, Binder C, Böhme A, Egerer G, Sandherr M,
Schwerdtfeger R, Silling G, Wandt H, Glasmacher A, Ehninger G. 2007. Safety
and efficacy of itraconazole compared to amphotericin B as empirical anti-
fungal therapy for neutropenic fever in patients with haematological malig-
nancy. Oncol Res Treat 30:185–191. https://doi.org/10.1159/000100055.

49. International Institute for Health Care and Excellence. 2020. British National
Formulary. https://bnf.nice.org.uk/.

50. Fungizone SmPC. 2019. Fungizone (amphotericin) Summary of Product Charac-
teristics. E.R. Squibb & Sons Limited Uxbridge. Middlesex, United Kingdom.
https://www.medicines.org.uk/emc/product/10716.

Diagnostic-Driven Strategy Economic Evaluation Microbiology Spectrum

May/June 2022 Volume 10 Issue 3 10.1128/spectrum.00425-22 11

D
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//j

ou
rn

al
s.

as
m

.o
rg

/jo
ur

na
l/s

pe
ct

ru
m

 o
n 

18
 A

ug
us

t 2
02

2 
by

 1
39

.2
22

.1
20

.1
29

.

https://doi.org/10.1007/s10096-013-1944-3
https://doi.org/10.1128/AAC.01985-15
https://doi.org/10.1128/AAC.01985-15
https://doi.org/10.1080/03007995.2018.1502659
https://doi.org/10.1080/03007995.2018.1502659
https://doi.org/10.1186/s12879-017-2263-6
https://doi.org/10.1093/jac/dku506
https://doi.org/10.1093/jac/dkp507
https://doi.org/10.1093/jac/dkp507
https://doi.org/10.1016/j.jval.2012.06.012
https://doi.org/10.1001/jama.2016.12195
https://doi.org/10.1136/bmj-2021-067975
http://www.medicines.org.uk/emc/medicine/12843/SPC/
https://www.medicines.org.uk/emc/product/5069/smpc
https://www.medicines.org.uk/emc/product/5069/smpc
http://www.medicines.org.uk/emc/medicine/10059/SPC/
http://www.medicines.org.uk/emc/medicine/10059/SPC/
https://www.medicines.org.uk/emc/product/1022
https://doi.org/10.1093/cid/ciw326
https://doi.org/10.1016/S1473-3099(13)70076-8
https://doi.org/10.1016/S1473-3099(13)70076-8
https://doi.org/10.1371/journal.pone.0043347
https://doi.org/10.1056/NEJM199903113401004
https://doi.org/10.1097/00006454-200203000-00015
https://doi.org/10.1056/NEJMoa040446
https://doi.org/10.1016/S0140-6736(15)01159-9
https://doi.org/10.1016/S0140-6736(15)01159-9
https://www.medicines.org.uk/emc/product/4722
https://www.medicines.org.uk/emc/product/4722
https://www.medicines.org.uk/emc/product/3293/smpc
https://www.medicines.org.uk/emc/product/11190
https://digital.nhs.uk/data-and-information/publications/statistical/health-survey-for-england/health-survey-for-england-2016
https://digital.nhs.uk/data-and-information/publications/statistical/health-survey-for-england/health-survey-for-england-2016
https://doi.org/10.1093/jac/dkt508
https://www.gov.uk/vat-rates
https://doi.org/10.7326/0003-4819-135-6-200109180-00010
https://doi.org/10.7326/0003-4819-135-6-200109180-00010
https://doi.org/10.1159/000100055
https://bnf.nice.org.uk/
https://www.medicines.org.uk/emc/product/10716
https://journals.asm.org/journal/spectrum
https://doi.org/10.1128/spectrum.00425-22


51. Marty FM, Ostrosky-Zeichner L, Cornely OA, Mullane KM, Perfect JR,
Thompson GR, Alangaden GJ, Brown JM, Fredricks DN, Heinz WJ, Herbrecht
R, Klimko N, Klyasova G, Maertens JA, Melinkeri SR, Oren I, Pappas PG, Rá�cil
Z, Rahav G, Santos R, Schwartz S, Vehreschild JJ, Young J-AH, Chetchotisakd
P, Jaruratanasirikul S, Kanj SS, Engelhardt M, Kaufhold A, Ito M, Lee M, Sasse
C, Maher RM, Zeiher B, Vehreschild MJGT 3rd. VITAL and FungiScopeMucor-
mycosis Investigators. 2016. Isavuconazole treatment for mucormycosis: a
single-arm open-label trial and case-control analysis. Lancet Infect Dis 16:
828–837. https://doi.org/10.1016/S1473-3099(16)00071-2.

52. Horn D, Goff D, Khandelwal N, Spalding J, Azie N, Shi F, Franks B, Shorr AF.
2016. Hospital resource use of patients receiving isavuconazole vs vorico-
nazole for invasive mold infections in the phase III SECURE trial. J Med
Econ 19:728–734. https://doi.org/10.3111/13696998.2016.1164175.

53. National Health Service. 2020. National cost collection. National schedule
of NHS costs, year 2018-19. https://www.england.nhs.uk/national-cost-
collection/#ncc1819.

54. NICE. 2017. Fungitell for antifungal treatment stratification. Medtech innova-
tion briefing. National Institute for Health and Care Excellence. https://

www.nice.org.uk/advice/mib118/resources/fungitell-for-antifungal-treatment-
stratification-pdf-2285963281484485.

55. NICE. 2020. SepsiTest assay for rapidly identifying bloodstream bacteria and
fungi diagnostics guidance [DG20]. National Institute for Health and Care
Excellence. https://www.nice.org.uk/guidance/dg20/chapter/4-Outcomes#
diagnostic-accuracy.

56. Curtis L, Burns A. 2019. Unit costs of health and social care. PSSRU, Univer-
sity of Kent, Kent, United Kingdom.

57. Talent.com. 2021. Medical delivery driver average salary in United King-
dom. https://uk.talent.com/salary?job=medical6delivery6driver.

58. EASL. 2019. European Association for the Study of the Liver (EASL) clinical
practice guidelines: drug-induced liver injury. J Hepatol 70:1222–1261.
https://doi.org/10.1016/j.jhep.2019.02.014.

59. Resuscitation Council (UK). 2015. Guidelines 2015. Adult tachycardia
(with pulse) algorithm. https://www.resus.org.uk/sites/default/files/2020-
05/G2015_Adult_tachycardia.pdf.

60. NICE. 2019. Hypertension in adults: diagnosis and management. NICE
Guideline NG136. https://www.nice.org.uk/guidance/NG13.

Diagnostic-Driven Strategy Economic Evaluation Microbiology Spectrum

May/June 2022 Volume 10 Issue 3 10.1128/spectrum.00425-22 12

D
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//j

ou
rn

al
s.

as
m

.o
rg

/jo
ur

na
l/s

pe
ct

ru
m

 o
n 

18
 A

ug
us

t 2
02

2 
by

 1
39

.2
22

.1
20

.1
29

.

https://doi.org/10.1016/S1473-3099(16)00071-2
https://doi.org/10.3111/13696998.2016.1164175
https://www.england.nhs.uk/national-cost-collection/#ncc1819
https://www.england.nhs.uk/national-cost-collection/#ncc1819
https://www.nice.org.uk/advice/mib118/resources/fungitell-for-antifungal-treatment-stratification-pdf-2285963281484485
https://www.nice.org.uk/advice/mib118/resources/fungitell-for-antifungal-treatment-stratification-pdf-2285963281484485
https://www.nice.org.uk/advice/mib118/resources/fungitell-for-antifungal-treatment-stratification-pdf-2285963281484485
https://www.nice.org.uk/guidance/dg20/chapter/4-Outcomes#diagnostic-accuracy
https://www.nice.org.uk/guidance/dg20/chapter/4-Outcomes#diagnostic-accuracy
https://uk.talent.com/salary?job=medical&hx00B1;delivery&hx00B1;driver
https://doi.org/10.1016/j.jhep.2019.02.014
https://www.resus.org.uk/sites/default/files/2020-05/G2015_Adult_tachycardia.pdf
https://www.resus.org.uk/sites/default/files/2020-05/G2015_Adult_tachycardia.pdf
https://www.nice.org.uk/guidance/NG13
https://journals.asm.org/journal/spectrum
https://doi.org/10.1128/spectrum.00425-22

	RESULTS
	Sensitivity analysis.

	DISCUSSION
	MATERIALS AND METHODS
	Patient population.
	Comparators.
	Model structure.
	Model inputs.
	Model analysis.
	Sensitivity analyses.
	Data availability.

	SUPPLEMENTAL MATERIAL
	ACKNOWLEDGMENTS
	REFERENCES

