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Background: Ceftazidime-avibactam (CAZ-AVI) is a novel antibiotic that has
been confirmed in the United States and China for use in patients with
carbapenem-resistant Klebsiella pneumoniae (CRKP) bloodstream infection (BSI).
However, the cost-effectiveness of CAZ-AVI is unknown in China. This study aimed
to evaluate the cost-effectiveness of CAZ-AVI compared to polymyxin B (PMB)
monotherapy or PMB-based therapy for the treatment of CRKP BSI from the
Chinese healthcare perspective.

Methods: A hybrid decision tree and Markov model were constructed for
a hypothetical cohort of patients with CRKP BSI. The time horizon of the
Markov model was 5 years with an annual discount rate of 5% used in both
costs and quality-adjusted life-years (QALYs). The model data was derived from
published literature and publicly available database. Regimens with an incremental
cost-effectiveness ratio (ICER) lower than the willingness-to-pay (WTP) threshold
of § 11,600 per QALY were considered cost-effective. Deterministic and
probabilistic sensitivity analyses were performed to examine the robustness of
model analysis.

Results: In the base-analysis, CAZ-AVI provided an additional 60 QALYs and
reduced the cost by $ 2,218,300, yielding an ICER of $ —36,730.9/QALY, well below
the WTP threshold of $ 11,600 per QALY when compared with PMB-based therapy.
CAZ-AVI provided an additional 350 QALYs and increased the cost of $ 208,400,
producing an ICER of $ 591.7/QALY that was below the WTP threshold compared
to PMB monotherapy. At a $ 11,600/QALY threshold, results were sensitive to
the cost of PMB-based strategy, the cost of CAZ-AVI strategy, the probability
of cure with CAZ-AVI, and the probability of cure with PMB or PMB-based
therapy. CAZ-AVI was an optimal regimen in 76.9% and 80.8% of 10,000 Monte
Carlo simulations at $ 11,600/QALY and $ 34,800/QALY, respectively. Meanwhile,
CAZ-AVI was cost-effective at the WTP thresholds of all 31 Chinese provinces in
61.4% (Gansu) to 83.1% (Beijing) of simulations.
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Conclusions: Ceftazidime-avibactam is expected to be a cost-effective treatment
compared with PMB monotherapy or PMB-based therapy for CRKP BSI from the
Chinese healthcare perspective.
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Introduction

Antimicrobial resistance is a significant cause of death
worldwide, and led to about 1.27 million deaths in 2019 (1). In
recent years, carbapenem-resistant Klebsiella pneumoniae (CRKP)
has dramatically increased and is highly endemic in many
countries, limiting the selection of antibiotic therapy with few
available treatment options (2). Resistance to carbapenems has
resulted in high mortality and significant socioeconomic burden,
particularly among vulnerable populations such as those with
hematologic malignancies (3-6). A systematic review and meta-
analysis showed that the mortality of patients with bloodstream
infection (BSI) caused by CRKP was up to 54.3%, significantly
higher than those infected with carbapenem-susceptible K.
pneumoniae (7). CRKP has been listed as a critical priority
pathogen for research and development of new antibiotics by the
World Health Organization (WHO) (8). However, the prevalence
of CRKP is alarmingly increasing. Results from the China
Antimicrobial Resistance Surveillance Trial (CARST) Program
revealed that carbapenem resistance rates in K. pneumoniae
isolated from blood rose from 3.3 and 1.6% in the 2011-2012
period to 15.0 and 15.4% in the 2019-2020 period, respectively
(9). The most common carbapenemase gene is blagpc—, among K.
pneumoniae in China (10).

Combined antimicrobial therapies were recommended, and
polymyxin-based regimens such as polymyxin B (PMB) in
combination with high-dose meropenem or tigecycline were the
most common choice in China until ceftazidime-avibactam (CAZ-
AVI) was approved for carbapenem-resistant Enterobacterales
(CRE) infections in 2019 (11). PMB is administrated in active
form and primarily excreted by non-renal mechanisms, rendering
it to achieve peak plasma concentrations more rapidly in that it
appears optimal for BSI and is associated with a lower risk of acute
kidney injury than colistin colistimethate (12, 13). Approximately
95.8% of CRE are susceptible to PMB (10). Thus, PMB is the most
frequently administrated in patients with CRE infections in China.
CAZ-AVI is a second-generation $-lactam/p-lactamase inhibitor
(BL/BLI) with in vitro activity against CRE-producing Ambler class
A (e.g., KPC), class C (e.g., AmpC), and some class D (e.g., OXA-
48) B-lactamases except for metallo-B-lactamases (e.g., NDM-1)
(14). CAZ-AVI showed excellent antibacterial activity in vitro
against blaKPC-positive K. pneumoniae in China (10). Recently,
a meta-analysis including 11 retrospective studies demonstrated
that CAZ-AVI had a significantly lower 30-day mortality than
other regimens for CRE bacteremia and supported the use of
CAZ-AVT in CRE bloodstream infections without additional safety
concerns (15). The importance of CAZ-AVI in the treatment
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of CRE infection has been recognized by WHO and included
in the 21st WHO model list of essential medicines (16). CAZ-
AVI may be a cost-effective alternative when compared with
ceftolozane/tazobactam and meropenem for complicated intra-
abdominal infections (cIAls) in Italy (17). Kongnakorn et al.
conducted a cost-effectiveness study and revealed that compared
with imipenem, CAZ-AVI was expected to be a cost-effective
treatment as empirical treatment for complicated urinary tract
infections (cUTIs) in Italy (18). However, Han et al. found that
CAZ-AVI was not a cost-effective option as an empirical treatment
for cUTIs in China when compared with imipenem based on
the results of pharmacoeconomic analysis (19). In the US, Simon
et al. found that CAZ-AVI was a more cost-effective option than
colistin-based regimens for CRE bacteremia and pneumonia (20).

To our knowledge, no cost-effectiveness analysis has yet been
performed to determine the health economic value of CAZ-AVI
compared with that of PMB or PMB-based regimens in patients
with BSI caused by CRKP in China. Economic evaluation of CAZ-
AVT is particularly important, helping to guide its use and compete
increased drug treatment cost. Thus, the objective of this study was
to compare the cost-effectiveness of CAZ-AVI with that of PMB
or PMB-based for the treatment of BSI caused by CRKP from the
perspective of Chinese healthcare.

Methods

Model structure

A cost-effectiveness analysis was performed based on a
combined decision tree model and 5- year Markov model with
a yearly cycle from the perspective of Chinese healthcare. We
only calculated direct medical costs. We simulated a scenario
wherein patients with a confirmed CRKP BSI were assigned to
receive CAZ-AVI or PMB or PMB-based therapy. The total cohort
represents 3,000 patients and 1,000 in each treatment strategy. In
the decision tree model, total cost and quality adjusted life years
(QALYs) were calculated for three regimens as definitive therapy
in patients diagnosed with BSI caused by CRKP. Patients entered
into the model had an equal probability of receiving any of therapy
regimen. Patients can be treated successfully or can die due to BSI.
Patients who are cured may develop nephrotoxicity which could
be recoverable or require chronic dialysis. After hospitalization,
patients may be discharged to home, discharged to a long-term
care facility or chronic dialysis and entered into the 5-year Markov
model linked to the decision tree model. Due to the lack of data, a 5-
year Markov model was considered to estimate differences among
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Structure of the model analysis. CRKP, carbapenem-resistant Klebsiella pneumoniae; BSI, bloodstream infection; RRT, renal replacement therapy;
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therapy regimens in terms of costs and effectiveness and in line
with other published economic studies (18, 20-22). Four states were
presented in the Markov model including: 1. home; 2. long-term
care facility; 3. chronic dialysis; 4. death. The models were presented
in Figures 1, 2.

Input parameters

Model inputs were extracted primarily from published
literature and publicly available database. Clinical cure rate and
nephrotoxicity among patients receiving CAZ-AVI, PMB, or
PMB-based regimen were derived from systematic review and
meta-analyses (15, 23). Treatment dose inputs were based on
product labels. Among patients who developed nephrotoxicity,
the probability of requiring renal replacement therapy (RRT) was
estimated as the weighted average value by pooled multiple studies
that reported the outcome for patients treated with CAZ-AVI, PMB
or PMB-based regimens (Supplementary Table 1). The highest and
lowest values retrieved from the studies were considered as the
range included in the sensitivity analyses (Supplementary Table 1).
The probability of a home discharge (55%) determined from a
report of the China CRE network was assumed to be equivalent
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regardless of treatments (24). The risk (2.4%) of nephrotoxicity
requiring chronic dialysis was derived from a meta-analysis
compared colistin with PMB for the treatment of patients with
multidrug-resistant gram-negative infections (25). We did not
obtain the probability of chronic dialysis for patients receiving
CAZ-AVI; thus, we assumed that the risk of chronic dialysis was
equivalent to that PMB. The rates of a 5-year all-cause mortality
in home or long-term care and a 5-year mortality on chronic
dialysis were obtained from published economic studies (20, 21).
A 14- day anti-infective duration was considered. The unit price
of antibiotics was retrieved from the Yaozh database that collects
successful biding prices of drugs in China (26). The daily costs of
the antibiotics of interest are shown in Supplementary Table 2. As
PMB-based regimen includes multiple antibiotics treatment (e.g.,
tigecycline, carbapenems, amikacin) for the treatment of CRKP
BSI, the cost of PMB-based therapy was calculated as the weighted
average according to a study published by Simon et al. (20).
We retrieved the lowest prices on tigecycline, carbapenems, and
amikacin. Other costs were retrieved from published literature (27—
29). We assumed the costs of nephrotoxicity and long-term health
care to be equivalent among three treatment strategies. Health
utilities were obtained based on published literature (29-31). All
costs were inflated to the 2021 value, according to the Chinese

frontiersin.org


https://doi.org/10.3389/fpubh.2023.1118307
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

Kong et al. 10.3389/fpubh.2023.1118307
0.55
After - Long-term
hospitalization ’ care facility
0.024
Chronic
dialysis
FIGURE 2
Markov model structure.

Health Consumer Price index (32) and converted into United States
dollars ($) based on an exchange rate of $ 1 = ¥ 7.048. Utility
values were 0.61, 0.84, and 0.64, respectively, for chronic dialysis,
discharge to home, and discharge to long-term care. The key input
parameters are summarized in Table 1.

Outcomes

Total costs and QALYs were estimated for different treatment
regimens. The treatment regimen was considered as highly
cost-effective if an incremental cost-effectiveness ratio (ICER) was
less than a given willingness-to-pay (WTP) of $ 11,600 per QALY,
which was set to be a one-time Chinese gross domestic product
(GDP) per capita in 2021, according to the Chinese guidelines (34).
Annual discount rates of 5% was applied to all future costs and
health benefits (34). All analyses were performed using the TreeAge
Pro 2011 software.

Sensitivity analyses

Deterministic and probabilistic sensitivity analyses in the
model were conducted to examine the robustness of the model
results owing to an uncertainty of input parameters (Table 1).
The variations of deterministic sensitivity analysis included cure
rates of antibiotics, costs of therapy (i.e., antibiotics and RRT),
and probability of nephrotoxicity (Table 1). Results of the one-way
deterministic sensitivity analyses (DSA) were shown as tornado
diagrams. A probabilistic sensitivity analysis (PSA) was conducted
by simultaneously executing 10,000 Monte Carlo simulations. The
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continuous variables (e.g., cost) were assumed to follow gamma
distributions. The beta distribution was considered for binary
variables (e.g., probability). The standard error of 10% of the
average value was considered for all variables. Results of PSA were
represented as cost-effectiveness acceptability curve.

Results

Base-case analysis

The results of base-case analysis are demonstrated in Table 2.
During the 5- year time horizon, the CAZ-AVT strategy cost $
23,261,700 with 1,240 QALYs. The PMB strategy cost $ 23,053,300
with 890 QALYs. The PMB-based strategy cost $25,480,000 with
1,180 QALYs. The ICER for CAZ-AVI was $ 591.7/QALY when
compared to the PMB strategy, which suggested that CAZ-AVI
was cost-effective at the threshold of $ 11,600 per QALY in the
treatment of patients with CRKP BSI although it increased cost. For
treated with CAZ-AVI, we observed a negative ICER of $ —36,730.9
per QALY gained. Negative ICER indicates that CAZ-AVT for the
treatment of confirmed CRKP BSI, relative to PMB-based strategy,
could be not only cost-effective but also cost-saving. Additionally,
the ICER for PMB-based strategy was $ 8,369.97/QALY when
compared with PMB alone, indicating that PMB-based strategy was
cost-effective at the threshold of $ 11,600 per QALY.

Sensitivity analysis
The results of one-way DSA are shown in Figures 3, 4. At

the WTP threshold, the one-way DSA showed that the most
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TABLE 1 Model inputs for model analysis.

Model input Base-case Uncertainty Distribution References
value range
Cure
Ceftazidime-avibactam 0.71 0.63-0.85 Beta (15)
Polymyxin B- based regimen 0.688 0.412-1.0 Beta (23)
Polymyxin B 0.518 0.211-0.769 Beta (23)
Nephrotoxicity
Ceftazidime-avibactam 0.05 0-0.25 Beta (15)
Polymyxin B- based regimen 0.30 0.24-0.37 Beta (33)
Polymyxin B 0.30 0.24-0.37 Beta (33)
Nephrotoxicity requiring RRT in hospital (polymyxin B) 0.076 0.034-0.159 Beta
Supplementary Table 3
Nephrotoxicity requiring RRT in hospital 0.08 0-0.1 Beta
(ceftazidime-avibactam) Supplementary Table 3
Nephrotoxicity requiring long-term RRT 0.024 0-0.05 Beta (25)
Discharge to home 0.55 - Beta (24)
Duration of therapy (days) 14 -
All-cause mortality in renal recovery patients (home)
Year 1 0.356 0.15-0.55 Beta (20)
Year 2-year 5 0.112 0.05-0.25 Beta
All-cause mortality in renal recovery patients (long-term care)
Year 1 0.479 0.2-0.6 Beta (20)
Year 2-year 5 0.217 0.1-0.3 Beta (20)
Death on chronic dialysis (21)
Year 1 0.614 - Beta
Year 2 0.703 - Beta
Year 3 0.754 - Beta
Year 4 0.892 - Beta
Year 5 0.924 - Beta
All-cause mortality without RRT patients (21)
Year 1 0.296
Year 2 0.303
Year 3 0.31
Year 4 0.318
Year 5 0.326
Cost (U.S. dollars)
Hemodialysis (annual) 30,143.2 2,7091.3-34,028.2 Gamma (29)
Nephrotoxicity with RRT in hospital 11,720.7 5,246-23,346.2 Gamma 27)
Nephrotoxicity without RRT in hospital 5,602.9 2,970-13,628.6 Gamma 27)
Long-term care 2,434.1 +50% Gamma (28)
Polymyxin B- based regimen (daily)* 682.3 +50% Gamma
(Continued)
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Model input Base-case Distribution References
value

Ceftazidime-avibactam (daily) 594.2 +50% Gamma

Polymyxin B (daily) 653.6 +50% Gamma

Heath utility

Chronic dialysis 0.61 0.59-0.63 Beta (27)

Discharge to home 0.84 0.4-0.95 Beta (30)

Discharge to long-term care 0.64 0.4-0.8 Beta (31)

*The polymyxin B_based regimen included polymyxin B therapy (100%), tigecycline (61%), meropenem (51%), amikacin (23%), and gentamicin (14%) (20). RRT: renal replacement treatment.

TABLE 2 Base-case analysis results in 1,000 patients due to Carbapenem-Resistant Klebsiella pneumoniae.

Treatment strategy Cost ($) No.of QALYs Incremental cost (5) Incremental QALYs  ICER ($/QALY)
CAZ-AVI 23,261,700 1,240 - - -

PMB 23,053,300 890 208,400 350 5917

PMB- based regimen 25,480,000 1,180 —2,218,300 60 —36,730.9 (Dominated)

CAZ-AVTI: Ceftazidime-avibactam; PMB: Polymyxin B.

Probability of nephrotoxicity with CAZ-AVI (0.0 to 0.25)[ 7
Probability of requiring RRT with PMB-based (0.034 to 0.159) [l

Probability of nephrotoxicity with PMB-based (0.24 to 0.37)

EV: -36730.87078

Cost of PMB-based (4776.1 to 14328.3) [l
Cost of CAZ-AVI (4159.4 to 12478.2) [
Probability of cure with CAZ-AVI (0.63 to 0.85) [l

Probability of cure with PMB -based (0.412 to 1.0)

-300000  -200000  -100000 0

FIGURE 3

Ceftazidime-avibactam; PMB, Polymyxin B.

100000

Tornado analysis depicting results of one-way sensitivity analysis of key variables for CAZ-AVI vs. PMB-based therapy. CAZ-AVI,

200000

influential parameters were the cost of PMB-based strategy, the
cost of CAZ-AVI strategy, the probability of cure with CAZ-AVI,
and the probability of cure with PMB -based when CAZ-AVI
strategy was compared to PMB-based strategy for patients with
CRKP BSI. The PMB-based strategy would be a more cost-effective
option than CAZ-AVI, if the price had an approximately 13%
reduction for PMB-based regimens based on one-way sensitivity
analysis when the WTP threshold was set to $ 11,600. One-way
DSA indicated that the cure rate of PMB, the cost of PMB strategy,
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and the cost of CAZ-AVI strategy had high impacts on the ICER of
CAZ-AVIvs. PMB.

The results of PSA are in line with the base-case analysis, in that
the probability that CAZ-AVI was cost-effective at the threshold of
$11,600/QALY was 76.9% and at the threshold of three times the
Chinese GDP per capita per QALY ($34,800/QALY) was 80.8%.
The acceptability curve is shown in Figure 5. We also explored the
probability of CAZ-AVI being cost-effective when compared with
province-level WTP thresholds (one-time the province-level GDP
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Tornado analysis depicting results of one-way sensitivity analysis of key variables for CAZ-AVI vs. PMB therapy. CAZ-AVI, Ceftazidime-avibactam;

per capita) (32). Compared with the comparators, the probability of
CAZ-AVI being cost-effective at the province-level WTP thresholds
ranged from 61.4% (Gansu) to 83.1% (Beijing). The results of PSA
under province-level WTP thresholds are presented in Table 3.

Discussion

To our knowledge, this is the first study to assess the cost-
effectiveness of CAV-AVI for the treatment of BSI caused by CRKP
in China. Given the excess mortality and significant economic
burden associated with CRKP, assessing CAZ-AVT’s value is critical
to understanding its potential impact in treating CRKP with limited
treatment options (6, 7). Several pharmacoeconomic studies of
CAZ-AVI have been conducted in the USA, Netherlands, and
Ttaly in infectious diseases (17, 18, 20). These published literatures
have consistently indicated that CAZ-AVI was cost-effective at the
WTP thresholds for the treatment of various infective diseases
such as cIAls, cUTIs, CRE bacteremia, and pneumonia. The key
strength of the present study is that it is the first to focus on the
treatment of patients with BSI caused by CRKP that has led to
high mortality and heavy economic burden. Another strength is
comparing the cost-effectiveness of an existing drug (PMB) and
a novel BL/BLI (ceftazidime-avibactam) as definitive treatments
for CRKP BSI, which are both expensive in China. Meanwhile,
differences in economic development among regions in China were
well considered in this model analysis.

The base-case results of the present study showed that
ceftazidime-avibactam is highly cost-effective when compared with
PMB monotherapy or combination therapy in patients with CRKP
BSIL, from the perspective of Chinese healthcare, as the ICERs
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Cost-effectiveness acceptability curve showing the probability that
ceftazidime-avibactam is cost-effective. CAZ-AVI,
Ceftazidime-avibactam; PMB, Polymyxin B.

saved by CAZ-AVI were well below the WTP threshold. The study
findings were consistent with those of the recent cost-effectiveness
analysis in the United States, wherein compared with colistin,
CAZ-AVI was cost-effective for the treatment of CRE bloodstream
infection (20). Although the International Consensus Guidelines
for the Optimal Use of Polymyxins (12) did not recommend PMB
alone for the treatment of invasive CRE infections given that
monotherapy was associated with higher mortality, we considered
that a cost-effectiveness study of PMB monotherapy vs. PMB
combination therapy may be crucial when CAZ-AVI may not be
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TABLE 3 Results of PSA at the province-level WTP thresholds.

Province GDP per capita ~ WTP threshold Compared with PMB or PMB-based
in 2021 (¥) Ok : o
ICER compared with Probability of
the WTP threshold cost-effectiveness (%)

1 Beijing 183,980 26,343.4 Lower 83.1
2 Shanghai 173,630 24,861.5 Lower 81.9
3 Jiangsu 137,039 19,622.1 Lower 81.7
4 Fujian 116,939 16,744.1 Lower 81.4
5 Tianjin 113,732 16,284.9 Lower 82.7
6 Zhejiang 113,032 16,184.7 Lower 83.4
7 Guangdong 98,285 14,073.1 Lower 81.4
8 Chongqing 86,879 12,439.9 Lower 81.6
9 Hubei 86,416 12,373.6 Lower 78.7
10 Neimenggu 85,422 12,231.3 Lower 79.9
11 Shandong 81,727 11,702.2 Lower 78.1
12 Shanxi 75,360 10,790.5 Lower 75.4
13 Anhui 70,321 10,069.0 Lower 77.2
14 Hunan 69,440 9,942.9 Lower 73.8
15 Jiangxi 65,560 9,387.3 Lower 74.8
16 Liaoning 65,026 9,310.8 Lower 74.7
17 Shanxi 64,821 9,281.5 Lower 74.6
18 Sichuan 64,326 9,210.6 Lower 74.5
19 Hainan 63,707 9,122 Lower 71.5
20 Ningxia 62,549 8,956.2 Lower 73.5
21 Xinjiang 61,725 8,838.2 Lower 71.2
22 Henan 59,410 8,506.7 Lower 70.5
23 Yunnan 57,686 8,259.9 Lower 70.7
24 Xizang 56,831 8,137.4 Lower 69.7
25 Qinghai 56,398 8,075.4 Lower 71.3
26 Jilin 55,450 7,939.7 Lower 69.6
27 Hebei 54,172 7,756.7 Lower 69.7
28 Guizhou 50,808 7,275.0 Lower 67.8
29 Guangxi 49,206 7,045.6 Lower 66.8
30 Heilongjiang 47,266 6,767.9 Lower 65

31 Gansu 41,046 5,877.2 Lower 61.4

2The WTP threshold was set at one time the province-level GDP per capita in 2021.
GDP, gross domestic product; ICER, incremental cost-effectiveness ratio; WTP, willingness-to-pay; PMB, polymyxin B.

available in some clinical settings. The present study found that
PMB-based strategy cost an additional $ 2,426.7 and gained 0.29
QALY per infection cases, and the ICER was $ 8,367.9/QALY,
indicating that PMB-based strategy was cost-effective at a threshold
of the WTP compared with PMB monotherapy. The results of
probabilistic sensitivity analysis supported CAZ-AVI to be cost-
effective in over 76% of 10 000 Monte Carlo simulations at a
WTP of one-time GDP in China. Moreover, the results remain
robust in the lowest income province in China. In 10,000 Monte
Carlo simulations at a WTP of one-time GDP in Gansu, over
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61% simulations showed incremental QALY's gained by CAZ-AVTI.
One-way sensitivity analysis indicated that the cost of PMB-based
regimens had the most impact on the ICER of CAZ-AVI vs. PMB-
based regimens. At the WTP threshold, the daily cost of PMB-
based regimens (vs. CAZ-AVI) at less than about $ 593.6, would
make it cost-effective. There was an average price reduction of 52%
for bid-winning drugs such as fluconazole and itraconazole due
to the Chinese National Centralized Drug Procurement (NCDP)
policy in 2019 (35). Therefore, a significant price reduction of PMB
could be anticipated with the implementation of the NCDP. An
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updated cost-effectiveness analysis is warranted in the future. The
clinical cure of PMB monotherapy also had the largest impact on
ICER of CAZ-AVI vs. PMB, which was unsurprising in that lower
clinical cure reduced the proportion of patients who entered the
RRT treatment and 5-year model, thereby influencing the overall
treatment cost. The clinical cures of PMB monotherapy and PMB
combination therapy were obtained from a meta-analysis favoring
polymyxins combination therapy for K. pneumoniae bacteremia
(23). Although the recommendation of polymyxins combination
therapy for CRE infections is a controversial topic given the limited
and low-quality evidence (12), the results of this meta-analysis
based on synthesizing data from observational studies would
improve confidence in our study given as a randomized controlled
trial is unlikely to be conducted to address the controversial topic.

A multicenter, retrospective research from the China CRE
network demonstrated an overall CRE infection incidence rate of
4.0 per 10,000 discharges. Most of the infection was caused by
KP primarily producing KPC-2 enzyme (24). Zhu et al. found
that KPC-producing K. pneumoniae BSIs were associated with
higher medical costs, and the median burden for single patient
was approximately $59,366.2, which is significantly higher than the
incomes of the average person in China (6). The reported CRE
incidence was 2.93 per 100,000 population in the United States
(36). The Centers for Disease Control and Prevention estimated
about 9,000 CRE infections annually in the United States, and
approximately 46% of these are either BSI or pneumonia (20). If all
patients with BSI were treated using CAZ-AVTI as first-line therapy,
instead of PMB-based strategy, roughly saved $ 9.18 million could
be saved and gained 248.4 QALYs gained in China. Thus, it is
worth increasing the use of CAZ-AVI based on China’s accepted
willingness to pay standards.

Our model analysis has some limitations that should be noted.
First, we calculated the daily dose of PMB according to the label’s
recommendation, which is lower than the recommendation of
International Consensus Guidelines (12) and clinical literature
(37). A loading dose of 2.0-2.5 mg/kg, followed by a maintenance
dose of 1.25-1.5 mg/kg every 12 h is recommended by those studies,
which may result in higher daily cost of PMB. If the recommended
dose of PMB had been included in our model analysis, this study
may have underestimated the cost-effectiveness of ceftazidime-
avibactam considering the cost of PMB-based strategy had a highly
impact on the ICER. However, a daily dose adopted from the insert
package is safer, because polymyxin-associated nephrotoxicity
is associated with the magnitude of polymyxin exposure (12).
Second, nephrotoxicity-associated costs (i.e., costs associated with
prolonged hospitalization due to nephrotoxicity) other than the
cost of RRT were ignored in our model analysis. Given that the
risk of nephrotoxicity receiving PMB is much higher than that
of receiving CAZ-AV], our analysis may further underestimate
the cost-effectiveness of CAZ-AVI. Third, K. pneumoniae was
assumed to be susceptible to CAZ-AVI due to the detection rate
of KPC carbapenemase was high in China (10, 38). Nevertheless,
blaNDM was the most common resistance gene detectable among
K. pneumoniae in some regions such as Shanxi (38). In these
regions, PMB-based regimens may be the preferred option for
the treatment of CRKP BSI. Fourth, since observational studies
with small simple sizes served as our clinical data source for
cure rates and nephrotoxicity, these clinical data may not be
robust given that observational studies are inevitably proven to
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confounders and bias. However, the efficacy and safety of CAZ-AVI
and PMB for the treatment of patients with CRKP may be hard to
evaluate through randomized controlled trials. Thus, the clinical
data based on multiple observational studies is acceptable in the
present scenario. Fifth, our model did not take the relapse rates
and rehospitalizations into account. Chen et al. conducted a meta-
analysis and found the relapse rate was similar between the CAZ-
AVT group and the comparator group. Meanwhile, the impact of
CAZ-AVI compared with PMB-based regimen on rehospitalization
rates lacked data (20). Sixth, because of unavailability of data on the
long-term mortality and the health utility of patients with CRKP
BSI, the model utilized published data of other populations. Studies
specific to CRKP BSI that determine the long-term mortality
and health utility of patients are necessary. Seventh, the findings
from our study may not be suitable for other counties due to
significant variations in healthcare resource and epidemiology of K.
pneumoniae resistance across different countries. Lastly, our data
for antibiotic costs was based on average bidding prices reported
from the Yaozh database, which may not reflect the true costs of all
Chinese provinces.

Conclusion

Our study results indicate that CAZ-AVTI is cost-effective as a
definitive treatment among patients with CRKP BSI, ensuring that
patients had better health outcomes overall. Thus, CAZ-AVI should
be considered as an alternative to the PMB-based strategy, because
CAZ-AVI not only produces better health outcomes but also helps
extend PMB’s lifecycle, serving as the last-line antibiotic for treating
multidrug-resistant, gram-negative bacterial infections.
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