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Abstract
Background
Multidrug-resistant Acinetobacter baumannii (MDR AB)
infections continue to spread worldwide and are
considered a serious antimicrobial resistance threat. No
existing studies examine the cost-effectiveness of
specific treatments. Here, we assess drivers of costeffectiveness of minocycline (MIN) compared with
meropenem (MER), colistin (COL), and tigecycline (TIG).

Methods
A decision-tree model was developed. Results are
presented from a U.S. hospital perspective. Clinical
parameters were sourced from published data. Resource
use included drug acquisition, drug administration,
adverse events, hospitalization and empiric therapy
failure. Costs were expressed in 2014 U.S. dollars.
Results were presented as costs per life-year gained.
One-way sensitivity analyses were conducted to
determine the impact of variability in base-case point
estimates on model outcomes. Probabilistic analyses
were also conducted by means of 10,000 Monte Carlo
simulations.

Results
Model results indicated that use of minocycline may be
cost-effective when used after positive AB culture
compared with MER, or when used after prior
carbapenem failure compared to TIG or COL. MIN was
associated with an estimated incremental gain of 3.38 life
years over MER, and associated cost savings of $2,099
(dominant). MIN was associated with an estimated
incremental gain of 3.12 life years over colistin COL, and
cost savings of $1,599 (dominant). MIN was associated
with a gain in life years of 2.89 compared to TIG,
however was associated with additional costs of $1,200,
resulting in an incremental cost of $415 per life year
gained. Sensitivity analyses indicated that length of stay
(LOS) is a key cost driver. In probabilistic sensitivity
analyses, MIN was less costly and more effective
compared to MER in 96% of simulations. MIN was less
costly and more effective in 87% and 25% of simulations
when compared to COL and TIG, respectively.

Conclusion
In this hospital model, MIN is a cost-effective option for
the treatment of MDR AB compared to MER, TIG, or
COL; however, further research is needed to reduce
uncertainty in the analysis and confirm data around
outcomes associated with various treatment strategies.
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Methods

Summary

Model Development and Framework:

Resource Use and Costs

• An economic framework was developed to identify the drivers of the
cost-effectiveness of minocycline compared to other commonly used
antibiotics for AB (Figure 1).
‒ The model captures costs, clinical cure, and survival probabilities
from admission to 30 days post discharge.
‒ Life years gained were calculated over a lifetime time horizon.
- Life expectancy estimates were sourced from U.S. life tables. The
model estimates life years by calculating the difference between
average patient age and the associated life expectancy, then
multiplying by the probability of survival for 30 days post
discharge.
‒ Costs were not discounted as they accrue exclusively in the first
year
‒ Life years gained were discounted at a rate of 3% per annum, in
line with current guidelines.
• The model examines the costs and outcomes associated with AB
treatment at two different points in the treatment paradigm:
‒ First-line AB-targeted therapy (defined as the first therapy given in
the presence of AB) (MIN vs. MER)
‒ Second-line therapy (defined as the first therapy given after a
confirmed diagnosis of MDR AB) (MIN vs. TIG, MIN vs. COL)

• Resource utilization associated with drug acquisition, drug
administration, inpatient stay and adverse events were included in the
model (Tables 2-4).
• Dosing regimens were based on the FDA-approved prescribing
information and an average weight of 80kg (where applicable).
• Length of stay (LOS) and per diem room and board costs were
sourced from the Premier Research Database (2014)
‒ LOS estimates for second line therapy are lower than those
associated with first line treatment as the model only follows
second line patients upon commencement of second line
treatment.
‒ Daily costs were stratified into ICU and non-ICU to obtain more
accurate costings. The mean costs per day of ICU and non-ICU
stay were $1,782 and $1,179 respectively.
• Patients who failed first-line treatment accrued costs associated with
three days of the initial treatment as well as a lump-sum cost of
treatment failure of $6,537 based on published literature.
• The costs of adverse events reflect pharmaceutical treatment costs.
Nausea and vomiting were assigned a cost of 16mg of ondansetron
($34.80). For diarrhea, an average cost of a 10 day course of
vancomycin and metronidazole was assumed ($668).14 The cost of
nephrotoxicity was based on ICD-9 code 584.9 from the Healthcare
Cost and Utilization Project (HCUP) ($10,085). It was assumed that
25% of patients who experienced nephrotoxicity incurred the cost, as
the residual are likely to discontinue treatment, resulting in a mean
per-event cost of $2,521.
• All costs are reported in 2014 US dollars ($). Where 2014 costs were
unavailable, costs were inflated using the CPI index for health.

Model Inputs
• Clinical inputs were derived from the literature (Table 1).
‒ While much of the literature examines mixed infection populations,
data specific to pneumonia was used where applicable. Commonly
cited infection types in AB patients include pneumonia and
sepsis/bacteremia.
‒ In line with the increase observed in the literature for
minocycline,,,,, survival probabilities for all comparators for nonMDR AB patients were assumed to be 16% higher relative to the
corresponding MDR AB patients.
• Data sources to parameterize the probability of survival for 30 days
post-discharge for specific treatments were scarce.
‒ These probabilities were therefore assumed to be the same across
treatments, but varied dependent upon the presence of MDR AB,
ICU utilization and treatment susceptibility.
‒ Non-MDR AB infections were assumed to be associated with a
higher probability of survival for 30 days post-discharge.

Figure 1. Model Framework

Estimates of cost-effectiveness in this disease area are
highly uncertain: cases of multi-drug resistant (MDR) AB
are rare, and there are subsequently few clinical cases
and limited clinical data with which to differentiate
treatments. The lack of established treatment pathways
is a further challenge to understanding the relevant
interactions shaping cost-effectiveness.
Here, we explore the drivers of cost-effectiveness and
sources of uncertainty when evaluating monotherapy for
treating MDR AB with minocycline (MIN) versus either
meropenem (MER), tigecycline (TIG), or colistin (COL).
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• One-way sensitivity analyses were conducted on the length of stay in
ICU, the probability of being in ICU, age and the probability of survival
associated with MIN
• Probabilistic analyses were also conducted by means of 10,000
Monte Carlo simulations.
‒ Event probabilities were sampled from a Beta distribution as they
are constrained on an interval of zero to one.
‒ Costs were sampled from a Gamma distribution as these data are
right-skewed.
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First-line therapy
Minocycline
Meropenem
Tigecycline
Colistin

17.4
18
17.4
18.2

10.7
12.6
10.7
10.8

28.1
30.6
28.1
29

19.4
19.2
19.4
19.2

Second-line therapy – post-culture LOS
Minocycline
12.2
Meropenem
12.2
Tigecycline
12.2
Colistin
13.7

6.9
8
6.9
7.9

19.1
20.2
19.1
21.6

14.7
14.7
14.7
14.9

Variable

MDR AB

Proportion of AB patients that are MDR
Probability of ICU
Probability of minocycline susceptibility
Probability of meropenem susceptibility
Probability of minocycline survival at discharge
Probability of meropenem survival at discharge
Probability of tigecycline survival at discharge
Probability of colistin survival at discharge

Non-MDR AB Source
—
0.47
0.95
0.60
0.79
0.65
0.68
0.67

0.63
0.47
0.85
0.36
0.68
0.56
0.59
0.58

Drug

• Given the lack of susceptible treatment options, it
has become important to payers and healthcare
providers to understand their cost-effectiveness.

Vomiting

Nausea

Nephrotoxicity

Diarrhea

Paresthesia

Minocycline

2.40%

2.40%

0.00%

10.60%

0.00%

Meropenem

0.00%

0.00%

0.00%

0.00%

0.00%

Tigecycline

19.20%

24.40%

0.00%

13.80%

3.40%

Colistin

0.00%

0.00%

30.80%

0.00%

10.10%

Cost

$3,514

$3,514

$252,115

$66,814

$800

• Based on the outputs of this analysis, minocycline
may be a cost-effective option for the treatment of
MDR AB; however, due to lack of comparative clinical
data, uncertainties around the analysis remain.

References

When MIN was compared to MER in first-line

When MIN was compared to TIG in second-line

When MIN was compared to COL in second-

treatment of known AB, room and board costs
accounted for 82% and 81% of total costs of MIN
and MER respectively. Acquisition costs accounted
for 9% and 10% of total costs in the two treatment
arms respectively. In the base case, MIN was
associated with an estimated incremental gain of
3.38 life years over MER with associated cost
savings of $2,099 (Table 5).

treatment of known MDR AB, room and board costs
accounted for 78% and 81% of total costs of MIN and
TIG, respectively. Acquisition costs accounted for 10%
and 6% of total costs in the two treatment arms,
respectively. MIN was associated with a gain in life
years of 2.89 compared to TIG, however was
associated with additional costs of $1,200, resulting in
an incremental cost of $415 per life year gained.

line treatment of known MDR AB, room and board
costs accounted for 78% and 80% of total costs of
MIN and COL, respectively. Acquisition costs
accounted for 10% and 6% of total costs in the two
treatment arms respectively. In the base case for
second-line therapy versus COL, MIN generated an
estimated incremental gain of 3.12 life years and cost
savings of $1,599.

Results of probabilistic sensitivity analysis are presented in Figure 2a-c.. When compared to MER, MIN was less costly and more effective in 96% of simulations. In the second-line setting, MIN was less costly
and more effective in 25% and 87% of simulations when compared to TIG and COL respectively.

Figure 2. Incremental cost ($U.S.) and incremental effectiveness (life years gained) of 10,000 Monte Carlo simulations
a) Minocycline (MIN) vs. meropenem (MER)
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• One-way sensitivity analyses we conducted comparing MIN vs. TIG. Probability of survival to discharge of MIN was associated with the most variability in costeffectiveness.
‒ For probabilities between 0 and 0.56, minocycline was more expensive and less effective.
‒ At a probability of survival to discharge of 0.57, MIN was associated with an ICER of $9,149 relative to TIG.
‒ The cost per life year gained associated with MIN is reduced as the probability of survival increases.
‒ At a probability of survival to discharge of, minocycline is associated with an ICER of $140.99 per LY gained.
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c) Minocycline (MIN) vs. colistin (COL)

for the treatment of multidrug-resistant Acinetobacter
baumannii (MDR AB) infections in the second line setting.

15

ICER
(per LY gained)

Minocycline

b) Minocycline (MIN) vs. tigecycline (TIG)

for the treatment of Acinetobacter baumannii (AB)
infections in the first line setting.

First line scenario

Presented at IDWeek 2016, October 26-30, 2016, New Orleans, LA

• This study presents monotherapy regimens only. Patients treated
within the ICU in particular often require combinations of different
IV formulations. It is likely that such regimens will be associated
with increased acquisition costs, and it is important to include
such therapies in future analyses.

• MDR AB infections are being increasingly observed
by hospitals globally.

Results

Comparator

• Literature on clinical outcomes associated with monotherapy for
MDR AB is scarce; specifically, there is an absence of large
clinical trials to establish relative efficacy estimates.

Conclusions

Table 4. Adverse Events

CDC 2013
LaPensee 2014
Jones 2013; Assumption
Thaden 2014; Assumption
Goff 20124; Lautenbach 20098
Bassetti 20085; Assumption
Chuang 20146; Assumption
Markou 20037; Assumption

• Minocycline was shown to be more effective and less costly
relative to meropenem and colistin in the first and second-line
settings respectively.
‒ In these scenarios, results are driven primarily by differential
probabilities of survival to discharge, a significant source of
uncertainty.
• This analysis demonstrates that length of stay is the most
significant driver of total costs of treatments for AB and MDR AB
infections, and probability of survival to discharge is the most
significant driver of cost-effectiveness.

*Based on length of stay data for patients with pneumonia; ICU, intensive care unit; LOS, Length of Stay
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Antibacterial drug resistance is an increasing public
health threat and causes substantial clinical and
economic burden. The gram-negative bacteria
Acinetobacter baumannii (AB), in particular, is of growing
concern due to its increasing prevalence in healthcare
settings and a propensity to develop resistance to
antimicrobial drugs.
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