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Purpose: To evaluate the cost-effectiveness of atezolizumab plus chemotherapy as first-line treatment
for metastatic urothelial cancer (mUC). Materials & methods: A Markov model was established for the
analysis. Parametric survival models were used to fit to progression-free survival and overall survival data
in the IMvigor130 study. A series of one-way and probabilistic sensitivity analyses were performed to
test the robustness of the model. Results: The incremental cost-effectiveness ratios for atezolizumab
plus chemotherapy versus chemotherapy alone were US$475,633.17 and $207,488.17 per quality-adjusted
life year in the USA and China, respectively. Utility for the progression-free survival and progressive disease
states, the cost of atezolizumab had the most significant impact on the incremental cost-effectiveness
ratio. Conclusion: Atezolizumab plus chemotherapy is not a cost-effective treatment option as a first-line
treatment for metastatic urothelial cancer.
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Urothelial cancer (UC), which can arise from upper or lower urinary tracts, results in significant morbidity,
mortality and costs worldwide [1-3]. The vast majority of urothelial cancer cases are bladder urothelial carcinoma,
whereas upper tract urothelial carcinoma accounts for merely 5-10% of all UCs [4]. Cisplatin-based chemotherapy
regimens are the preferred first-line treatment for metastatic UC (mUC); however, approximately 50% of patients
with mUC are not fit enough to tolerate cisplatin treatment because of poor performance status and impaired renal
function [5-8]. In recent years, carboplatin plus gemcitabine has been applied for cisplatin-ineligible patients and
gemcitabine monotherapy has also been regarded as another alternative option for patients ineligible for combination
chemotherapy [9,10]. Despite this progress, improvements in the efficacy of currently available chemotherapies are
still far from satisfactory. Thus, there is an urgent need for effective treatment regimens for first-line treatment of
patients with mUC.

In the past few years, immunotherapy with anti-programmed death receptor 1 (PD-1) or anti-programmed
death ligand 1 (PD-L1) inhibitors has shown benefits in patients with mUC ineligible for cisplatin treatment
or who have progressed after platinum-based chemotherapy [11-14]. On the basis of these encouraging results,
atezolizumab, a humanized monoclonal antibody against PD-L1, was firstly approved by the US FDA for the
treatment of patients with locally advanced or metastatic UC failed to first-line platinum-based chemotherapy.
The success of atezolizumab for the treatment of mUC that failed to first-line platinum-based chemotherapy
encouraged investigators to extend the application of atezolizumab to first-line treatment for patients with mUC.
Recently, the results of the IMvigor130 study, which evaluated the efficacy of atezolizumab alone or combined with
platinum-based chemotherapy versus placebo plus platinum-based chemotherapy in patients with untreated mUC,
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Figure 1. Markov model diagram for patients with untreated metastatic urothelial cancer.
PD: Progressive disease; PFS: Progression-free survival.

were published [15]. Between 15 July 2016 and 20 July 2018, 451 patients were enrolled in the atezolizumab plus
chemotherapy group and 400 patients were enrolled in the placebo plus chemotherapy group. The addition of ate-
zolizumab to platinum-based chemotherapy as first-line treatment significantly prolonged median progression-free
survival (PFS) in patients with mUC compared with placebo plus platinum-based chemotherapy (8.2 months, 95%
CI 6.5-8.3 versus 6.3 months, 95% CI: 6.2—7.0; hazard ratio [HR]: 0.82, 95% CI 0.70-0.96; p = 0-007), indicat-
ing that atezolizumab plus platinum-based chemotherapy might be a novel standard treatment option in first-line
treatment for mUC.

Although the addition of atezolizumab to platinum-based chemotherapy has achieved a significant survival
benefit as first-line treatment for mUC, its high price (1200 mg, US$4956.62 in China and $11,032.84 in
the USA) can also increase the cost of mUC treatment. In recent years, growing cancer care expenditures have
become one of the greatest concerns for public health policy makers, doctors and patients worldwide [16). In many
countries, cost—effectiveness analyses have become a preferred method to evaluate novel treatment regimens from
the pharmacoeconomic profile, which provides an important framework for doctors, payers, patients and policy
makers [17]. The USA and China are the largest developed country and the largest developing country in the world,
respectively. It is representative to evaluate the cost—effectiveness of novel treatment schemes in the USA and China.
The objective of the current study was to investigate the cost—effectiveness of atezolizumab with chemotherapy as
first-line therapy for the treatment of mUC from a Chinese and USA payer’s perspective.

Methods

Model structure

To evaluate the cost—effectiveness of the addition of atezolizumab to chemotherapy as first-line treatment for
patients with mUC, a Markov model including three mutually exclusive health states (PFS, progressive disease
[PD] and death) was established to estimate health outcomes and costs. In this model, all patients were assumed
to enter the model in the PFS state. When the model began to progress, these patients could remain in the starting
health state until disease progression or death. Once in the PD state, patients could remain in that state or transition
to death at the end of each cycle. Transition diagram among these health states is shown in Figure 1. Outcomes
of the analysis include costs, quality-adjusted life years (QALYs) and incremental cost—effectiveness ratio (ICER).
Willingness-to-pay (WTP) thresholds were set at US$28,988.40/QALY (3x per-capita GDP of China in 2018)
for China and US$100,000.00/ QALY for the USA, respectively [18,19]. Costs and health outcomes were discounted
at an annual rate of 3% [19,20]. The lifetime horizon was set at 15 years, after which almost all hypothetical patients
were expected to be dead. Model cycle of 3 weeks was used for the base case analysis [21]. The study was performed
from a Chinese and US payer’s perspective, and the model was developed and implemented with Microsoft Excel
(Microsoft Corporation, WA, USA) and TreeAge software (TreeAge, MA, USA, 2011).
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Table 1. Key clinical data in the model.

Parameters Atezolizumab + chemotherapy Chemotherapy Ref.
Baseline characteristics
Age group, years
<65 34% 38% [15]
>65 66% 62% [15]
Sex
Male 75% 75% [15]
Female 25% 26% [15]
Race
White 77% 76% [15]
Other 23% 24% [15]
Primary tumor site
Bladder 69% 73% [15]
Other 31% 67% [15]
PD-L1 status
1C2/3 24% 23% [15]
IC1 43% 45% [15]
1CO 33% 33% [15]
Survival data
HR for OS 0.83 (95% Cl: 0.69-1.00) - [15]
HR for PFS 0.82 (95% CI: 0.70-0.96) - [15]
Median OS (months) 16.0 (95% Cl: 13.9-18.9) 13.4 (95% CI: 12.0-15.2) [15]
Median PFS (months) 8.2 (95% Cl: 6.5-8.3) 6.3 (95% Cl: 6.2-7.0) [15]
Grade 3-4 AEs, rate (range)
Anemia 0.40 (0.32-0.48) 0.38 (0.304-0.456) [15]
Neutropenia 0.37 (0.296-0.444) 0.30 (0.24-0.36) [15]
Neutrophil count decreased 0.21 (0.168-0.252) 0.24 (0.192-0.288) [15]
Platelet count decreased 0.21 (0.168-0.252) 0.25 (0.20-0.30) [15]
Thrombocytopenia 0.21 (0.168-0.252) 0.18 (0.144-0.216) [15]
Utility
PFS 0.842 (0.6736-1) 0.842 (0.6736-1) [21]
PD 0.800 (0.640-0.96) 0.800 (0.640-0.96) [21]
AEs: Adverse events; HR: Hazard ratio; OS: Overall survival; PD: Progressive disease; PD-L1: Programmed death-ligand 1; PFS: Progression-free survival.
Patients & treatment regimens
The target population for the model was modeled consistent with the patient population in the IMvigor130
study [15]. These patients had locally advanced or metastatic UC and had not received previous systemic therapy in the
metastatic setting. Meanwhile, patients in the model were eligible for platinum-based chemotherapy. Key baseline
characteristics of the patients in the IMvigor130 study were presented in Table 1. Patients in the atezolizumab plus
chemotherapy group received gemcitabine (1000 mg/m? body surface area [BSA; 21-day cycles, days 1 and 8 of
each cycle]), plus either carboplatin (area under the curve of 4.5 mg/ml per min) or cisplatin (70 mg/m?* BSA) on
day 1 of each cycle. Atezolizumab was administered intravenously at a dose of 1200 mg on day 1 of each cycle.
Patients in the comparator group (chemotherapy alone) received the same chemotherapy regimens as those in the
atezolizumab plus chemotherapy group.
Efficacy & safety
In this analysis, parametric survival models were used to fit to PFS and OS Kaplan—Meier data in the IMvigor130
study (Table 1). Survival data in each group were extracted from the Kaplan—Meier survival curves using a plot
digitizer software (Digitizelt, version 2.0, www.digitizeit.de) because individual patient data were not available. The
probability for transition from PES to a PD state was derived from the modeled PES curves, and the probability
for transition from any state to the death state was derived from the modeled OS curves (Figure 2). Grade 3—
future science group www.futuremedicine.com 1023
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Figure 2. Modeled survival curves for each treatment groups. (A) Atezolizumab plus chemotherapy group. (B)
Chemotherapy alone group.
OS: Overall survival; PFS: Progression-free survival.

4 treatment-related adverse events (AEs) with an incidence of >5% were derived from the IMvigor130 study
(Table 1). Meanwhile, a specific quality-of-life adjustment weight (utility scores, where 1 is full health and 0 is
death) was assigned for each health state. Health utilities for health states were derived from previous literature [21].
The utility scores were 0.842 for the PFS state and 0.800 for the PD state (Table 1).

Cost input

In the current analysis, only direct medical costs, which included costs of drug, tests, AE-related treatments, best-
supportive care (BSC) and follow-up, were considered. The unit prices of drugs in China were retrieved from
the national drug prices or our hospital and the unit prices for the drugs were based on the wholesale acquisition
costs from the AnalySource database RED BOOK Online (Table 2). The unit cost of tests, drug administration,
follow-up, tests, AE-related treatments and BSC were retrieved from the CMS clinical laboratory fee schedule files
and previously published literature (Table 2) [22-28]. To calculate doses of drugs, we used a mean BSA of 2.1 or
1.72 m? for patients in the USA and China, respectively [26,291. All costs were converted to US dollars (1 US
dollar = 6.6118 CNY, 2018).

Sensitivity analysis

A series of one-way sensitivity analyses are performed to test the robustness of the model by varying each parameter
to its lower and upper bounds. All parameters were assumed to range between £20%, and the results of the one-way
sensitivity analyses are shown as tornado diagrams. In addition, probabilistic sensitivity analyses were also performed
with each key parameter randomly varied within its distribution range simultaneously for 1000 iterations.

Results

Base case results

The results of the cost—effectiveness analysis are shown in Table 3. Over a 15-year lifetime horizon, patients in the
atezolizumab plus chemotherapy group achieved longer survival than those in the chemotherapy alone group (1.43
vs 1.07 QALYs) after adjusting for quality of life. From the US payer’s perspective, the costs of atezolizumab plus
chemotherapy and chemotherapy alone were US$221,092.77 and $49,864.83, respectively. From China payer’s
perspective, the costs of the atezolizumab plus chemotherapy and chemotherapy alone groups were US$89,513.33
and $14,817.59, respectively. The ICERs of atezolizumab plus chemotherapy versus chemotherapy alone were
US$475,633.17 and $207,488.17 per QALY in the USA and China, respectively.

Sensitivity analysis

On the basis of the results of the one-way sensitivity analysis, utility for the PES and PD states, the cost of
atezolizumab had the most significant impacts on the ICERs in both the USA and China (Figure 3). The cost
of chemotherapy drugs, cost of AE-related treatment, cost of tests, cost of supportive care and cost of follow-
up had little impact on the results of the model. In the probabilistic sensitivity analyses, the proportions of
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Figure 3. Tornado diagram for one-way sensitivity analyses. (A) The US payer’s perspective. (B) The Chinese payer’s
perspective.

A+C: Atezolizumab plus chemotherapy; AE: Adverse event; EV: Expected value; ICER: Incremental cost-effectiveness
ratio; PD: Progressive disease; PFS: Progression-free survival.
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Table 2. Cost parameters input in the model.

Parameters Value (US$) Range Resource Ref.
Gemcitabine (200 mg) 36.65 (China) 26.92-40.38 Local estimate
25.91 (USA) 20.728-31.092 RED BOOK
Carboplatin (50 mg) 4.59 (China) 3.672-5.508 Local estimate
44.4 (USA) 35.52-53.28 RED BOOK
Cisplatin (30 mg) 2.89 (China) 2.312-3.468 Local estimate
31.2 (USA) 24.96-37.44 RED BOOK
Atezolizumab (1200 mg) 4956.62 (China) 3965.296-5947.944 Local estimate
11032.84 (USA) 8826.272-13239.408 RED BOOK
Laboratory tests 30.68 (China) 24.544-36.816 Local estimate
76 (USA) 60.8-91.2 [28]
Computed tomography 211.56 (China) 169.248-253.872 Local estimate
828 (USA) 662.4-993.6 [28]
Anemia 508.2 (China) 406.56-609.84 [22]
4368 (USA) 3494.4-5241.6 [27]
Neutropenia 466 (China) 372.8-559.2 [23]
5937 (USA) 4749.6-7124.4 [26]
Neutrophil count decreased 466 (China) 372.8-559.2 [23]
5937 (USA) 4749.6-7124.4 [26]
Platelet count decreased 3395 (China) 2716-4074 [22]
4014 (USA) 3211.2-4816.8 [27]
Thrombocytopenia 3395 (China) 2716-4074 [22]
4014 (USA) 3211.2-4816.8 [27]
Cost of supportive care per cycle 117.1 (China) 93.68-140.52 [23]
1213 (USA) 970.4-1455.6 [27]
Routine follow-up of patients per unit 51.5 (China) 41.2-61.8 [25]
422 (USA) 337.6-506.4 [27]
Model outcomes Atezolizumab + chemotherapy Chemotherapy
USA
Total costs (US$) 221,092.77 49,864.83
Incremental costs 171,227.94 -
Total effectiveness (QALYs) 1.43 1.07
Incremental effectiveness (QALYs) 0.36 -
ICER ($/QALY) 475,633.17
China
Total costs (US$) 89,513.33 14,817.59
Incremental costs 74,695.74 -
Total effectiveness (QALYs) 1.43 1.07
Incremental effectiveness (QALYs) 0.36 -
ICER (US$/QALY) 207,488.17 -

ICER: Incremental cost—effectiveness ratio; QALY: Quality-adjusted life year.

atezolizumab plus chemotherapy being cost-effective compared with chemotherapy alone at the WTP thresholds
of US$100,000.00/QALY in the USA and US$28,988.40/QALY in China were 0%.

Discussion

UC is one of the most commonly diagnosed cancers worldwide. Despite the availability of platinum-based
chemotherapy, the efficacy of current treatment regimens is still limited and most patients will experience disease
progression within the short term. Recently, the addition of atezolizumab to platinum-based chemotherapy was
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demonstrated to achieve a significant survival benefit as a first-line treatment for mUC in the IMvigor130 study;
however, treatment with atezolizumab may also pose significant clinical and economic burdens on healthcare
systems. In this study, we performed a cost—effectiveness analysis to compare atezolizumab plus chemotherapy
versus chemotherapy in first-line treatment for mUC from the USA and Chinese payer perspectives. Our model-
based analysis showed that the addition of atezolizumab to chemotherapy achieved 0.36 QALYs compared with
chemotherapy; however, the addition of atezolizumab significantly increased the expenditures both in the USA and
China, thus resulting in an ICER of atezolizumab plus chemotherapy versus chemotherapy of US$475,633.17 and
$207,488.17 per QALY in the USA and China, respectively. At the WTP thresholds of US$100,000.00 and
$28,988.40 per QALY in the USA and China, respectively, the addition of atezolizumab to chemotherapy is not a
cost-effective treatment option in first-line treatment for mUC from the pharmacoeconomic perspective.

This is the first study to evaluate the pharmacoeconomic profile of atezolizumab plus chemotherapy in the first-
line treatment of mUC. In addition to atezolizumab, a series of other immune checkpoint inhibitors, including
pembrolizumab and nivolumab, were also approved for the treatment of advanced UC [11-14]. The cost—effectiveness
of these novel drugs was also investigated in previous studies. Patterson ez al. assessed the cost—effectiveness of
pembrolizumab for first-line treatment of urothelial carcinoma ineligible for cisplatin-based therapy in patients
with strongly PD-L1-positive tumors in Sweden. Pembrolizumab improved the effectiveness by 1.71 and 1.75
QALYs compared with carboplatin plus gemcitabine and gemcitabine monotherapy, respectively. On the other hand,
pembrolizumab increased the cost by US$90,520.00 versus carboplatin plus gemcitabine and US$95,055.00 versus
gemcitabine, yielding ICERs of US$53,055.00 and $54,415.00 per QALY, respectively [21]. Ren et /. performed a
cost—effectiveness study to evaluate pembrolizumab for locally advanced or mUC where cisplatin is unsuitable. The
results of the cost—effectiveness analysis performed by the manufacturer (Merck Sharp 8 Dohme) showed that the
ICER for pembrolizumab compared with carboplatin plus gemcitabine was estimated to be £37,081.00 per QALY,
indicating pembrolizumab as a cost-effective treatment option for NICEs criteria for locally advanced or metastatic
urothelial carcinoma ineligible for cisplatin-based therapy. However, the independent Evidence Review Group
(ERG) performed the cost—effectiveness analysis by defining a new base case that included multiple adjustments
to the original base case based on identified errors, violations and alternative judgments. Ultimately, the base-case
ICER of ERG was £67,068.00 per QALY, suggesting that the ICER was highly uncertain (30). The ICERs in
these studies were much lower than those in our study. There could be several reasons for this. First, patients in
these studies were diagnosed with UCs with strongly PD-L1-positive. These patients could achieve more favorable
benefits from the treatment of immune checkpoint inhibitor (ICIs). Second, patients included in these studies with
the following criteria were ineligible for cisplatin-based therapy: Eastern Cooperative Oncology Group performance
status 2, creatinine clearance 30-60 ml/min, grade >2 audiometric hearing loss, grade >2 peripheral neuropathy
or New York Heart Association Class III heart failure. These patients may benefit less from the treatment of
chemotherapy. Third, these studies were conducted based on single-arm trials, and there were no head-to-head
trials comparing pembrolizumab with other treatments. Studies directly comparing pembrolizumab with other
treatments would help address some of the uncertainties in the future.

In recent years, immune checkpoint inhibitors, such as nivolumab and pembrolizumab, have significantly
improved survival and quality of life for patients in a series of malignancies. However, not all patients can benefit
from this novel treatment. In the one-way sensitivity analyses of our analysis, the most influential parameters in
the model were utility for the PES state and the PD state and it is essential to find the most suitable patients
with best survival benefits for the immune checkpoint inhibitors. In recent years, several biomarkers, including
PD-L1 expression and tumor mutation burden, have been demonstrated to predict the response to IClIs [31-33]. In
the subgroup analysis of the IMvigor130 study, age >65 years, male, White race, Eastern Cooperative Oncology
Group performance status score = 0, PD-L1 status of 2 or 3 and no previous adjuvant or neoadjuvant regimen
were considered biomarkers favoring the treatment of atezolizumab plus chemotherapy. The pharmacoeconomic
profile of atezolizumab plus chemotherapy in these patients may be more cost-effective. In addition, the high cost of
atezolizumab was another parameter that significantly influenced the model, which suggested that the production of
drugs with lower prices and higher efficacy is also urgently needed. With the development of the drug industry, ICIs
with favorable efficacy but lower prices are emerging, which could significantly decrease the ICER of atezolizumab
plus chemotherapy versus chemotherapy in the first-line treatment of patients with mUC.

Several limitations of the analysis should be addressed. First, the model included grade 3—4 AEs, and the cost
of grade 1-2 AEs was excluded. Fortunately, AE-related treatment was not considered a significant influencing
parameter in the one-way sensitivity analyses. Second, the study merely investigated the cost—effectiveness of
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atezolizumab plus chemotherapy versus chemotherapy for mUC; however, a series of other immune checkpoint
inhibitors were also approved for the treatment of advanced UC. However, these ICIs were approved for patients
with mUC ineligible for cisplatin-based therapy and there are no head-to-head trials comparing atezolizumab with
these treatments; thus, we did not evaluate the cost—effectiveness among these treatment regimens. Finally, the
results and conclusions were conducted based on data from USA and China and they should be interpreted with
caution for other countries.

Conclusion

On the basis of the darta derived from the IMvigor130 study and the current price of atezolizumab, the addition
of atezolizumab to chemotherapy is unlikely to be a cost-effective treatment option at the WTP threshold of
US$100,000.00 and $28,988.40 per QALY in the USA and China, respectively. To the best of our knowledge,
this is the first analysis evaluating the cost—effectiveness of atezolizumab plus chemotherapy versus chemotherapy
in first-line mUC setting, which may contribute to the value assessment for these novel drugs and help in the
decision-making of doctors, patients and healthcare financial structures.

Future perspective

In the past few years, immunotherapy with anti-programmed death receptor 1 or anti-programmed death ligand
1 inhibitors has shown benefits in patients with mUC. However, high-priced immunotherapy also increases the
cost of mUC treatment and brings new issues to society. Currently, the growing financial burden of healthcare has
become one of the greatest concerns for public health policy makers, doctors and patients worldwide. Thus, it has
become increasingly important to evaluate a novel treatment regimen from efficacy and the pharmacoeconomic
profile. Thus, an increasing number of cost—effectiveness analyses evaluating novel treatment regimens from the
pharmacoeconomic profile may become one of the standard methods for novel treatment regimen evaluation and
provide an important framework for doctors, payers, patients and policy makers.

Summary points

e The IMvigor130 study demonstrated that the addition of atezolizumab to platinum-based chemotherapy can
significantly prolong median progression-free survival in patients with metastatic urothelial cancer (mUC),
indicating that atezolizumab plus platinum-based chemotherapy might be a novel standard treatment option in
first-line treatment for mUC.

e However, the high cost of atezolizumab may significantly increase the cost of treatment for mUC.

e In this study, we evaluated the cost-effectiveness of atezolizumab with chemotherapy as a first-line treatment for
patients with mUC from the perspective of Chinese and USA societies.

e Over a lifetime horizon, incremental cost-effectiveness ratios for atezolizumab plus chemotherapy versus
chemotherapy alone were US$475,633.17 and $207,488.17 per quality-adjusted life-year in the USA and China,
respectively.

e Utility for the progression-free survival and progressive disease states, the cost of atezolizumab had the most
significant impact on the incremental cost-effectiveness ratios.

e On the basis of the data derived from the IMvigor130 study and the current price of atezolizumab, the addition
of atezolizumab to chemotherapy is unlikely to be a cost-effective treatment option at the willingness to
pay threshold of US$100,000.00 and $28,988.40 per quality-adjusted life-year in the USA and China, respectively.
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