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Introduction
Breast cancer is by far the most common malig-
nant tumor in women worldwide, and accounted 
for 7.56% of the disease burden from all neo-
plasms as reported by the Global Burden of 
Disease Study 2017.1 Triple-negative [hormone-
receptor-negative and human epidermal growth 
factor receptor 2 (HER2)-negative] breast cancer 
(TNBC) accounts for approximately 10–20% of 

breast cancer patients.2 Over the past two dec-
ades, cytotoxic chemotherapy based taxanes and 
anthracyclines have prevailed as the primary 
established treatment option for patients with 
early-stage and advanced-stage TNBC.3 However, 
fewer than 30% of women with advanced TNBC 
survive 5 years after diagnosis.4 The design of the 
new modalities of novel regimens to breast cancer 
treatment needs to be undertaken.
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Abstract
Background: The effectiveness of atezolizumab plus nab-paclitaxel for advanced triple-
negative breast cancer (TNBC) has been demonstrated. We aimed to evaluate its cost-
effectiveness on advanced TNBC from the US payer perspective.
Methods: A Markov model was adopted to project the disease course of newly diagnosed 
advanced TNBC. The clinical data were gathered from the IMpassion130 trial. Cost and health 
preference data were derived from the literature. The incremental cost-effectiveness ratio 
(ICER) was measured, and one-way sensitivity analysis and probabilistic sensitivity analysis 
were performed for exploring the model uncertainties.
Results: Our results demonstrated that atezolizumab plus nab-paclitaxel augmented 
versus nab-paclitaxel therapy cost $104,278 and $149,465 and yielded an additional 0.371 
and 0.762 of quality-adjusted life year (QALY) in in all patients with unknown PD-L1 status 
and subpopulation with PD-L1-positive, respectively, which led to an ICER of $281,448 and 
$196,073 per QALY gained. In all patients with unknown PD-L1 status, atezolizumab plus nab-
paclitaxel treatment guiding by PD-L1 expression testing resulted in an ICER of $183,508 per 
QALY gained. Atezolizumab plus nab-paclitaxel could maintain a trend of positive incremental 
net health benefits and >50% probabilities of cost-effectiveness at the threshold of $200,000/
QALY in more than half of subgroups with PD-L1-positive. One-way and probabilistic sensitivity 
analyses revealed the results were most sensitive to the hazard ratios (HRs) of overall survival 
(OS) of atezolizumab plus nab-paclitaxel versus nab-paclitaxel treatment.
Conclusion: The atezolizumab plus nab-paclitaxel treatment is likely to be a cost-effective 
option compared with chemotherapy based on nab-paclitaxel for the patients with PD-L1-
positive advanced TNBC.
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In recent years, inhibition of the immune check-
point regulator programmed cell death ligand-1 
(PD-L1), and its receptor PD-1, has emerged as 
a new anticancer therapy. Due to increased 
PD-L1 expression in TNBC [odds ratio 
(OR) = 1.70, 95% confidence interval (CI): 1.24–
2.33; p < 0.001],5 inhibiting the PD-L1 pathway 
with a PD-L1-inhibitor, such as atezolizumab, 
provides a strong rationale for testing immuno-
therapies. The recent IMpassion130 trial reported 
the efficacy and safety of atezolizumab plus nab-
paclitaxel compared with nab-paclitaxel for 
advanced TNBC.6 The results revealed that ate-
zolizumab plus nab-paclitaxel notably prolonged 
median progression-free survival (PFS) in com-
parison with the placebo group [7.2 months versus 
5.5 months; hazard ratio (HR) for progression or 
death, 0.80; 95% CI, 0.69–0.92; p = 0.002], espe-
cially in the PD-L1-positive subgroup (7.5 months 
versus 5.0 months; HR for progression or death, 
0.62; 95% CI, 0.49–0.78; p < 0.001). A notable 
trend of overall survival (OS) between the atezoli-
zumab plus nab-paclitaxel and nab-paclitaxel 
arms was observed in the PD-L1-positive sub-
group (median OS time: 25.0 months versus 
15.5 months; HR for death, 0.62; 95% CI, 0.45–
0.86). Treatment-related Grade 3–5 adverse 
events (AEs) were more frequently reported in 
the atezolizumab plus nab-paclitaxel group than 
the nab-paclitaxel group (40.3% versus 30.3%). 
Thus, the atezolizumab plus nab-paclitaxel regi-
men seems to be an attractive option for the treat-
ment of advanced TNBC, especially for those 
with PD-L1-positive disease. However, taking 
cost-effectiveness into account in healthcare deci-
sions is crucial for clinicians and decision-makers 
to optimally allocate limited healthcare resources. 
Herein, we investigated the cost-effectiveness of 
atezolizumab plus nab-paclitaxel for advanced 
TNBC from the US payer perspective.

Materials and methods

Analytic overview
A mathematical model combining a decision tree 
and Markov approach was established to measure 
the clinical and economic outcomes of adding 
atezolizumab treatment for treatment-naïve 
patients with advanced TNBC, and was similar to 
the IMpassion130 trial.6 The decision trees 
included two scenarios: all patients with unknown 
PD-L1 status TNBC (scenario 1) and patients 
with known PD-L1-positive TNBC (scenario 2). 
In scenario 1 (Figure 1A), all patients receive one 

of three interventions: nab-paclitaxel (chemother-
apy strategy), atezolizumab plus nab-paclitaxel 
(atezolizumab strategy), or the PD-L1-guided 
strategy (nab-paclitaxel for PD-L1-negative and 
atezolizumab plus nab-paclitaxel PD-L1-positive 
after the PD-L1 tissue testing). In scenario 2 
(Figure 1B), patients with known PD-L1-positive 
receive one of two interventions: nab-paclitaxel 
(chemotherapy strategy) or atezolizumab plus 
nab-paclitaxel (atezolizumab strategy). A three-
health-state Markov model was established to 
reflect the disease course of advanced TNBC, 
which included the following health states: pro-
gression-free disease (PFD), progressed disease 
(PD), and death. The Markov cycle length was 
28 days in keeping with the treatment schedule 
reported by the IMpassion130 trial,6 and the time 
horizon was 10 years. During each Markov cycle, 
the model redistributes the hypothetical patients 
among the three health states according to transi-
tion probabilities, which were based on results of 
the IMpassion130 trial.6 The initial state was 
assumed to be PFD, with death as the terminal 
state.

Clinical data inputs
Table 1 summarizes the key clinical inputs. PFS 
and OS for atezolizumab plus nab-paclitaxel and 
nab-paclitaxel treatment were informed by the 
results of the IMpassion130 trial (at least trial 
follow-up),6 and extrapolated over the model 
time horizon using standard statistical analyses 
described by Guyot et al.7 The Digitize R package 
(https://github.com/tpoisot/digitize/) was used to 
gather the data points from the PFS and OS 
curves, and these data points were then used to fit 
the following parametric survival functions: 
Weibull, log-normal, log-logistic, exponential, 
generalized gamma, Gompertz, and Royston/
Parmar spline model. The goodness of fit was 
based on a visual inspection and Akaike informa-
tion criterion. In all patients with unknown 
PD-L1 status TNBC, we determined that log-
logistic and Weibull distributions were the most 
rational function to extrapolate PFS and OS of 
nab-paclitaxel treatment, and log-normal and 
Weibull distributions were used for atezolizumab 
plus nab-paclitaxel treatment, respectively. In the 
patients with known PD-L1-positive TNBC, log-
logistic and generalized gamma distributions 
were used to extrapolate PFS and OS of nab-
paclitaxel arms, and log-normal and log-logistic 
distributions were adopted for atezolizumab 
plus nab-paclitaxel treatment, respectively. Virtual 
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patient-level data comprised event and censor 
times and were equal in number to the initial 
number at risk, which was closely reproduced by 
the digitized Kaplan–Meier (KM) curves of the 
IMpassion130 trial.6 The PFS and OS plots cre-
ated by using the virtual patient-level data and the 
predicted curves by using parametric survival 
models are shown in Appendix Figures 1.

To utilize the HR information of PFS and OS 
between atezolizumab plus nab-paclitaxel and 
nab-paclitaxel treatment, the model used the esti-
mated PFS and OS data in atezolizumab plus nab-
paclitaxel strategy by multiplying the HRs of 
atezolizumab plus nab-paclitaxel versus nab-pacli-
taxel and the PFS and OS data in the nab-pacli-
taxel treatment. The HRs of PFS and OS between 
atezolizumab plus nab-paclitaxel and nab-pacli-
taxel treatment in all patients with unknown 
PD-L1 status TNBC and the subpopulation with 
known PD-L1-positive TNBC were collected 
from the IMpassion130 trial.6 In patients with 

known PD-L1-negative TNBC receiving nab-
paclitaxel treatment, the PFS and OS data were 
estimated by multiplying the PFS and OS data in 
the entire population receiving nab-paclitaxel 
treatment and the HRs between the PD-L1-
negative subpopulation and entire population, 
which were estimated according to the reported 
survival data of nab-paclitaxel treatment in 
PD-L1-negative subpopulation and entire popu-
lation (Appendix Figure 2).6,8 The influence of 
HR was checked in sensitivity and subgroup anal-
yses. On the basis of the fitted PFS and OS model, 
denoted as P(t) and S(t), we computed the disease 
progression probability Prob(PFS→PD) and cause-
specific mortality Prob(PD→Death) at cycle t as follows: 
Prob(PFS→PD) = (P[t]−P[t + 1])/P(t) and Prob(PD→Death) = 
(S[t]−S[t + 1])/(S[t]–P[t]), respectively. Due to the 
poor prognosis of advanced TNBC, we assumed 
that all deaths were incurred from disease progres-
sion. After the disease progressed, the data of 
patients who received second-line active treatment 
were collected from the IMpassion130 trial.6

Figure 1.  Model structure for advanced triple-negative breast cancer.
PD-L1, programmed cell death ligand-1.
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Cost and utility inputs
Only direct medical costs were considered and 
reported in 2018 US dollars, including drug 
acquisition costs, costs attributed to the patient’s 
health state, costs for the management of AEs, 
and costs of end-of-life care (Table 1). The costs 
associated with healthcare services were inflated 
to 2018 values according to the US consumer 
price index.19

Based on the IMpassion130 trial,6 atezolizumab 
at a dose of 840 mg was administered on days 1 
and 15, while nab-paclitaxel was administered at 
a dose of 100 mg per square meter of body-surface 
area on days 1, 8, and 15 of every 28-day cycle 
until disease progression. The prices of atezoli-
zumab and nab-paclitaxel in the US (average 
wholesale price) were collected from public data-
bases and the literature.13 In the US, the price of 
atezolizumab plus nab-paclitaxel would be dis-
counted at 17% to account for contract pricing.20 
By including 2245 study participants with meta-
static breast cancer from paid medical insurance 
claims,14 the overall total cost of nab-paclitaxel 
per patient per month was $4876 (95% CI: 
4433–5363), which included other direct medical 
costs, such as office visits, hospitalizations, and 
laboratory tests. After the disease progressed, 
54% of patients in the atezolizumab plus nab-
paclitaxel arm and 60% of patients in the chemo-
therapy arm received subsequent active therapy, 
while 15% of patients in the chemotherapy arm 
received PD-L1 inhibitor treatment in subse-
quent therapy.6 Because over 95% patients 
received chemotherapy as the subsequent treat-
ment in the IMpassion130 trial, we assumed that 
subsequent active treatment is chemotherapy. 
The cost of salvage chemotherapy was $7127 per 
patient per month,15 which was derived from a 
retrospective study including 625 US patients 
with TNBC from the SEER-Medicare database. 
The cost of supportive care was $4614 per 
month.11 The costs of follow up, PD-L1 expres-
sion testing, and terminal care were collected 
from other economic studies.9,16,18

We included only the cost of managing AEs of at 
least grade 3; grade 1/2 events were considered 
manageable within standard patient monitoring. 
The analysis included the overall costs related to 
AEs of at least grade 3, which were derived from 
a real-world study by including 1551 metastatic 
breast cancer patients who had at least one epi-
sode of treatment with single or multiple agents 
for at least 30 days.17

Each Markov health state was assigned a health util-
ity preference on a scale of 0 (death) to 1 (perfect 
health). Owing to the absence of utility values asso-
ciated with TNBC, we assumed the utility values in 
non-TNBC and TNBC were comparable because 
quality of life was mainly affected by cancer stage 
regardless of HER-2 and hormone status as in one 
recent study.21 Therefore, the PFD and PD states 
related to MBC were 0.85 and 0.578, respectively, 
which were estimated based on established values in 
non-TNBC.9,10 Disutility values due to grade 1/2 
and 3/4 AEs were included in this analysis. All AEs 
were assumed to have been incurred in the first 
cycle.11,12 The duration-adjusted disutility was sub-
tracted from the baseline PFS utility.

Analysis
In the base-case analysis, incremental cost-
effectiveness ratio (ICER) was calculated as 
incremental cost per additional quality-adjusted 
life-year (QALY) gained between atezolizumab 
plus nab-paclitaxel and placebo. Cost and QALYs 
were discounted at an annual rate of 3%.22 The 
threshold is in line with findings that, in the 
oncology setting in the US, a broad range of 
thresholds between $150,000 and $300,000 per 
QALY has been applied.23,24 The current analysis 
adopted $200,000 per QALY as the willingness-
to-pay (WTP) threshold. We also estimated the 
incremental net-health benefit (INHB) based on 
the following formula: INHB(λ) = (μE1–μE0)–
(μC1–μC0)/λ = ΔE–ΔC/λ, where μCi and μEi are cost 
and effectiveness of atezolizumab plus nab-pacli-
taxel (i = 1) or placebo (i = 0), respectively, and λ 
is the WTP threshold ($200,000/QALY).25,26 
Subgroup analyses were performed in the pre-
specified subgroup as reported in the 
IMpassion130 trial by varying the HRs of PFS.6 
The Markov model and statistical analyses were 
implemented in R software (http://www.r-project.
org). The data used in this analysis is anonymous 
and therefore no informed consent was needed.

To evaluate the robustness of the base-case 
result, one-way and probabilistic sensitivity 
analyses (PSA) were conducted. One-way sensi-
tivity analyses were conducted for all parame-
ters, and the estimated range of each parameter 
was either based on the reported or estimated 
95% confidence intervals in the referenced stud-
ies or determined by assuming a 25% change 
from the base-case value (Table 1). In the PSA, 
a Monte Carlo simulation of 1000 iterations was 
generated by simultaneously sampling the key 
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Table 1.  Model parameters: baseline values, ranges, and distributions for sensitivity analysis.

Parameters Expected value Range Distribution Reference

Clinical inputs Schmid et al.6; 
Emens et al.8

  All patients with unknown PD-L1 status TNBC

  �  Log-logistic distribution for PFS in 
nab-paclitaxel arm

Shape: 1.8149 (se: 0.0768); 
scale: 5.8077 (se: 0.2662)

NA NA  

  �  Weibull distribution for OS in nab-
paclitaxel arm

Shape: 1.3724 (se: 0.0825); 
scale: 25.7207 (se: 1.4388)

NA NA  

  �  Lognormal distribution for PFS in 
atezolizumab plus nab-paclitaxel 
arm

meanlog: 1.9649 (se: 
0.0442); sdlog: 0.9027 (se: 
0.0349)

NA NA  

  �  Weibull distribution for OS in 
atezolizumab plus nab-paclitaxel 
arm

Shape: 1.4144 (se: 0.0912); 
scale: 28.4807 (se 1.7446)

NA NA  

  Subpopulation with known PD-L1(+) TNBC

  �  Log-logistic distribution for PFS in 
nab-paclitaxel arm

Shape: 1.862 (se: 0.122); 
scale: 5.125 (se: 0.358)

NA NA  

  �  Gamma distribution for OS in nab-
paclitaxel arm

Shape: 1.5244 (se: 0.1955); 
rate: 0.0669 (se: 0.0129)

NA NA  

  �  Lognormal distribution for PFS in 
atezolizumab plus nab-paclitaxel 
arm

Meanlog: 2.0538 (se: 
0.0770); sdlog: 0.9968 (se: 
0.0621)

NA NA  

  �  Log-logistic distribution for OS in 
atezolizumab plus nab-paclitaxel 
arm

Shape: 1.523 (se: 0.164); 
scale: 26.220 (se 3.088)

NA NA  

 � HR of PFS of PD-L1(–) subpopulation 
versus all population in nab-paclitaxel 
arm

0.91 0.77–1.07 Lognormal: 
Log–Mean = –0.097, 
Log–sd = 2.553

 

 � HR of OS of PD-L1(–) subpopulation 
versus all population in nab-paclitaxel 
arm

0.87 0.69–1.1 Lognormal: Log-
Mean = –0.135, 
Log–sd = 2.275

 

  Proportion of receiving subsequent treatment

    Nab-paclitaxel 0.60 0.452–0.754 Beta: α = 6.4, β = 4.2  

    Atezolizumab plus nab-paclitaxel 0.54 0.403–0.671 Beta: α = 7.4, β = 6.4  

  Probability of AEs

  �  Grade 1–2 AEs in atezolizumab plus 
nab-paclitaxel arm

0.49 0.37–0.616 Beta: α = 8.1, β = 8.3  

  �  Grade ⩾3 AEs in atezolizumab plus 
nab-paclitaxel arm

0.50 0.375–0.625 Beta: α = 8, β = 8  

  �  Grade 1–2 AEs in nab-paclitaxel 
arm

0.56 0.418–0.696 Beta: α = 7.1, β = 5.6  

(Continued)
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Parameters Expected value Range Distribution Reference

  �  Grade ⩾3 AEs in nab-paclitaxel 
arm

0.42 0.317–0.528 Beta: α = 9.2, β = 12.7  

Utility inputs

  PFD 0.85 0.64–1 Beta: α = 12.8, β = 2.3 Zhang and 
Long9

  PD 0.52* 0.39–0.65 Beta: α = 29.5, 
β = 27.2

Zhang and 
Long9; Lloyd 
et al.10

  Disutility due to Grade 1–2 AEs 0.01 0.008–0.02 Beta: α = 18, 
β = 1283.2

Mistry et al.11; 
Durkee et al.12

  Disutility due to Grade ⩾3 AEs 0.28 0.21–0.35 Beta: α = 11.5, 
β = 29.6

Mistry et al.11; 
Durkee et al.12

Cost inputs

  Atezolizumab per 840 mg 6498.40 3249.2–6498.4 Fixed RED BOOK13

 � Chemotherapy based nab-paclitaxel 
per patient per month

4876 4433.48–5363.12 Gamma: α = 99517, 
β = 0.049

Force et al.14

  Salvage chemotherapy per month 7127 6225–10,110 Gamma: α = 51274, 
β = 0.139

Aly et al.15

  Supportive care per month 4614 3461–5768 Gamma: α = 7755, 
β = 0.595

Mistry et al.11

  Terminal care 9574 7180–11,967 Gamma: α = 74797, 
β = 0.128

Zhang and 
Long9

  Follow-up per month 1146 842–1450 Gamma: α = 8489, 
β = 0.135

Schwartz 
et al.16

 � Cost of managing AEs (grade ⩾3) 
related to taxanes per event

5143 4115–6171 Gamma: α = 50422, 
β = 0.102

Hurvitz et al.17

  PD-L1 expression testing 115 86–144 Gamma: α = 456, 
β = 0.252

Aguiar et al.18

*Calculated by using the utility value in PFS minus the disutility values due to disease progression.10

AE, adverse event; HR, hazard ratio; OS, overall survival; PD, progressed disease; PD-L1, programmed cell death ligand-1; PFD, progression-free 
disease; PFS, progression-free survival; TNBC, triple-negative breast cancer.

model parameters from the pre-specified distri-
butions. Gamma distribution was selected for 
the cost parameters, log-normal distribution for 
hazard ratios, and beta distribution for probabil-
ity, proportion, and preference value parame-
ters. Based on the data from 1000 iterations, a 
cost-effectiveness acceptability curve (CEAC) 
was created to represent the likelihood that ate-
zolizumab plus nab-paclitaxel would be consid-
ered cost-effective at various WTP levels for 
health gains (QALYs).

Results

Base-case analysis and subgroup analyses
When PD-L1 status was unknown (scenario 1), 
adding atezolizumab to nab-paclitaxel (atezoli-
zumab strategy) for all patients provided an addi-
tional 0.371 QALYs and 0.632 overall life years 
with an incremental cost of $104,278, which 
resulted in an ICER of $281,448/QALY and a 
INHB of –0.151 QALY at the threshold of 
$200,000/QALY comparison with nab-paclitaxel 

Table 1. (Continued)
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(chemotherapy strategy). When atezolizumab 
plus nab-paclitaxel was administered for the sub-
population with PD-L1(+) after PD-L1 expres-
sion was tested, the ICERs and INHB of the 
PD-L1-guided strategy were $183,508/QALY 
and 0.030 QALY respectively, in comparison 
with nab-paclitaxel. When PD-L1 status was con-
firmed (scenario 2), the ICERs and INHB of ate-
zolizumab plus nab-paclitaxel over nab-paclitaxel 
were $196,073/QALY and zero QALY respec-
tively. The results are summarized in Table 2.

Compared with nab-paclitaxel (chemotherapy 
strategy), adding atezolizumab to nab-paclitaxel 
for the PD-L1(+) subpopulation in scenario 2 
settings showed the trend of gaining additional 
health benefits in more than half of the subgroups 
(Figure 2). The INHBs of PD-L1-guided strategy 
versus chemotherapy strategy in the subgroups 
with respect to the health benefit varied from 
–0.05 (range: –0.13–0.04, probabilities of cost-
effectiveness: 8.4%) in patients with brain metas-
tases to 0.06 (range: 0.02–0.06, probabilities of 
cost-effectiveness: 100%) in patients with no pre-
vious anthracycline treatment (Figure 2).

Sensitivity analyses
The one-way sensitivity analyses revealed that the 
HR of OS for atezolizumab plus nab-paclitaxel 
versus nab-paclitaxel in PD-L1(+) subpopulation 
was the most sensitive model input (Figure 3 and 
Appendix Figure 4). When its lower and upper 
boundaries were applied, the ICERs of PD-L1-
guided strategy versus chemotherapy strategy in 
the scenario 1 setting changed from $165,922/

QALY to $252,203/QALY, and the atezolizumab 
strategy versus the chemotherapy strategy in the 
scenario 2 setting changed from $172,716/QALY 
to $319,932/QALY. Other parameters to con-
sider included the cost of atezolizumab, HRs of 
PFS, and utilities of progression-free, and pro-
gressed disease, whose variation might drive the 
ICERs of PD-L1-guided strategy versus chemo-
therapy strategy in the scenario 1 setting to be 
over the threshold of $200,000/QALY. Other 
parameters, such as the cost and disutilities asso-
ciated with adverse drug reactions (ADRs), had a 
minimal impact on the outcome.

At the threshold of $200,000/QALY (Figure 4), 
the CEAC showed a nearly 63% probability of 
the PD-L1-guided strategy being cost-effective, 
while the ezolizumab strategy in scenario 1 had a 
zero probability of cost-effectiveness, and the ate-
zolizumab strategy in scenario 2 had a 46% prob-
ability of cost-effectiveness.

Discussion
Reports of a clinical benefit from atezolizumab 
plus nab-paclitaxel treatment in the IMpassion130 
trial caused great interest among both oncologists 
and patients.6 However, the price of an anticancer 
drug should be reasonable and affordable, reflect 
the clinical value of the drug, ensure patients can 
access the drug, and be sustainable for national 
healthcare systems, reimbursement platforms, 
and pharmaceutical companies.27 Due to the huge 
demand for treating TNBC, and the rising inter-
est in the economic evaluation of healthcare inter-
ventions, the unmet need for a precise economic 

Table 2.  Summary of cost ($) and outcome results in the base-case analysis.

Strategy Cost Progression-
free LYs

Overall LYs QALYs Incremental 
cost per QALY*

INHB*

Scenario 1: All patients with unknown PD-L1 status

  Chemotherapy strategy 113,368 0.638 1.847 1.233 NA NA

  Atezolizumab strategy 193,159 0.718 2.034 1.359 633,590 –0.273

  PD-L1-guided strategy 179,418 0.769 2.472 1.593 183,508 0.030

Scenario 2: Subgroup with PD-L1 positive

  Chemotherapy strategy 111,634 0.562 1.790 1.176 NA  

  Atezolizumab strategy 261,099 0.849 3.114 1.938 196,073 0.015

*Compared with chemotherapy strategy.
INHB, incremental net-health benefit; LY, life years; NA, not applicable; PD-L1, programmed cell death ligand-1; QALY, quality-adjusted life years.
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assessment of atezolizumab plus nab-paclitaxel 
use in this clinical context has motivated research.28 
By stratifying patients according to PD-L1 status, 
our analysis demonstrated that atezolizumab plus 
nab-paclitaxel treatment for advanced TNBC 
anchoring PD-L1-positive is likely to be optimal 
for WTP thresholds greater than $200,000 per 
QALY. This finding is generally consistent with 
the results of probabilistic sensitivity analyses. At a 
threshold of $200,000/QALY, more than half of 
the subgroups with PD-L1-positive were better 
suited for atezolizumab plus nab-paclitaxel treat-
ment due to its positive trend of gaining net health 
benefits compared with nab-paclitaxel treatment.

The nature of atezolizumab plus nab-paclitaxel to 
prolong survival was a major driver of economic 
outcomes. The findings of one-way sensitivity 
analysis demonstrated that the HR of OS was the 
most influential model input. This result indi-
cates that atezolizumab plus nab-paclitaxel would 
become more cost-effective in patients with more 
favorable HR of OS, such as for those patients 
with only lymph node metastasis. However, in 
some patients with more unfavorable HR of OS 
who have a high risk of death, such as those with 
bone metastases and previous anthracycline treat-
ment, the atezolizumab plus nab-paclitaxel might 

be less cost-effective. The cost of atezolizumab 
plus nab-paclitaxel was also found to be a sub-
stantially influential factor. When the unit cost of 
atezolizumab decreased by 50%, the ICER for 
atezolizumab plus nab-paclitaxel decreased to 
close to $100,000/QALY in the PD-L1-positive 
subpopulation. Recently, the US government has 
proposed indexing the prices that Medicare pays 
for drugs to those paid by health systems in other 
developed countries, to help bring down the rela-
tively high prices paid by US patients,29 which 
might lead to a reduction in the price of atezoli-
zumab, and achieve more favorable economic 
outcomes. When the price of atezolizumab per 
840 mg is lower than $600, the ICERs of PD-L1-
guided atezolizumab versus chemotherapy strat-
egy would be lower than $30,000/QALY, which 
indicates that a atezolizumab regimen would be 
cost-effective in many middle-income regions, 
such as China (appendix Figure 5).

The strengths of this study are worth highlight-
ing. First, to our knowledge, this is the first anal-
ysis to simultaneously evaluate the economic 
outcomes of atezolizumab plus nab-paclitaxel 
for advanced TNBC by synthesizing the latest 
evidence through an economic modeling 
approach. Immunotherapy is a new concept in 

Figure 4.  Cost-effectiveness acceptability curves of atezolizumab and PD-L1-guided strategy versus 
chemotherapy strategy in scenario 1 and atezolizumab strategy versus chemotherapy strategy in scenario 2.
PD-L1, programmed cell death ligand-1; QALY, quality-adjusted life years; TNBC, triple-negative breast cancer.
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advanced TNBC and has demonstrated promis-
ing results in early studies.30 However, the eco-
nomic outcomes of the immunotherapy for 
advanced TNBC have not been examined. 
Second, the current analysis checked the eco-
nomic outcomes of near 30 subgroups prespeci-
fied by the IMpassion130 trial,6 including the 
subpopulations with PD-L1-positive. The find-
ings of subgroup analyses indicate that there is a 
need to enrich the targeted population for improv-
ing the economic outcomes of atezolizumab plus 
nab-paclitaxel treatment. The information on 
subgroup economic analysis would be helpful for 
physicians and patients.

There are several weaknesses with the analysis 
that produce uncertainty in the results. Firstly, 
due to the lack of data, we did not include other 
immunotherapies, such as pembrolizumab plus 
chemotherapeutic agents, because trials are still 
ongoing.30 The current analysis needs to be 
updated as evidence becomes available. Secondly, 
health benefits beyond the observation time of the 
IMpassion130 trial were assumed through the fit-
ting of parametric distributions to the reported 
KM PFS and OS data, which might have resulted 
in uncertainty in the model outputs, although the 
predicted and observed data were validated. 
Thirdly, we did not measure the budget impact 
of atezolizumab plus nab-paclitaxel on society. 
Wide prescription of atezolizumab plus nab-
paclitaxel might raise the financial burden sub-
stantially. Finally, the costs of grade 1/2 AEs 
were excluded from the evaluation, which might 
have led to an overestimation of the economic 
results of atezolizumab plus nab-paclitaxel, although 
only small influence was found in one-way sensi-
tivity analysis. These limitations notwithstanding, 
because the findings of this evaluation reflected the 
general clinical conditions of managing advanced 
TNBC, they might be a valuable reference for phy-
sicians and policy-makers.

These estimates demonstrated that atezolizumab 
plus nab-paclitaxel, at a WTP threshold of 
US$200,000/QALY, is likely to be a cost-effective 
option for patients with advanced TNBC testing 
PD-L1-positive in a US payer setting. These find-
ings might contribute to aiding clinicians in mak-
ing the optimal decisions in the treatment of 
metastatic triple-negative breast cancer (TNBC).
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