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Background: The national Comprehensive Cancer Network has suggested pembrolizumab as a second-line therapy for esophageal squamous cell carcinoma (ESCC) patients with a programmed death ligand-1 (PD-L1) combined positive score (CPS) ≥ 10. However, despite the increased survival rate associated with pembrolizumab in these patient population, the high cost of pembrolizumab may influence its antitumor effect. This study aimed to evaluate the cost-effectiveness of pembrolizumab compared to chemotherapy as second-line treatments for esophageal carcinoma (EC) based on KEYNOTE-181 trial.

Methods: A Markov model was constructed using TreeAge 2021 based on three different groups: all intent-to-treat patients (ITT population), patients with ESCC (ESCC population), and patients with a PD-L1 CPS ≥10 (CPS ≥10 population). Incremental cost, Incremental effect, Life-years, quality-adjusted life-years (QALYs) and incremental cost–effectiveness ratio (ICER) were calculated. Analyses were conducted on the setting of a willingness-to-pay threshold of $150,000 from the US perspective.

Results: The ICERs for pembrolizumab were $157,589.545 per QALY, $60,238.823 per QALY, and $100,114.929 per QALY compared with chemotherapy in the ITT, ESCC, and CPS≥10 populations, respectively. The ICER of the ITT population was higher than $150,000, suggesting that pembrolizumab was not a cost-effective treatment scheme in patients with a PD-L1 CPS ≤ 10 or esophageal adenocarcinoma. The ICER was < $150,000 in the ESCC and CPS≥10 populations, indicating that pembrolizumab was cost-effective in these two subgroups.

Conclusion: The determining of pembrolizumab as a cost-effective second-line therapy for EC in the United States depends on the histologic type and PD-L1 expression.
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Introduction

Esophageal carcinoma (EC) accounts for only 3.1% of all cancers but was the seventh most commonly diagnosed cancer (604,000 new cases) and the sixth highest cause of cancer-related mortality (544,000 deaths) in 2020 worldwide, which means that 1 in 18 cancer deaths in 2020 was from EC (1). EC has a poor prognosis with 5-year survival rate of only 20% in the United States (2). If diagnosed early, esophagectomy with neoadjuvant therapy is recommended for patients with locally advanced EC. However, most EC patients are diagnosed at the advanced stage because there are no specific symptoms in the early stage. Therefore, such patients have poor prognoses. Choosing a more cost-effective second-line treatment strategy should be considered when EC progresses after one treatment. Second-line treatments include chemotherapy and targeted therapies. Monoclonal antibodies that bind to the programmed death 1 (PD-1) receptor are one such targeted therapy (3).

Pembrolizumab is a monoclonal IgG4 antibody against the PD-1 receptor that has been tested in many types of malignancies, such as non-small cell lung cancer (4), and hepatocellular carcinoma (5). PD-1 is mainly expressed in T cells, including Tissue-resident memory T cells, which are resident in the gastrointestinal tract (6). So, checkpoint inhibitor is an effective therapy for gastrointestinal cancer. KEYNOTE-180 (7), a phase II clinical trial, showed that pembrolizumab can improve the prognosis of in patients with advanced EC. This trial showed that EC patients with a programmed death ligand-1 (PD-L1) combined positive score (CPS) ≥ 10 had a 13.8% objective response rate to pembrolizumab, whereas patients with a CPS < 10 only had an objective response rate of 6.3%. In addition, the objective response rate of esophageal squamous cell carcinoma (ESCC) patients treated with pembrolizumab was 14.3%, whereas that of esophageal adenocarcinoma (EAC) patients was 5.3%. These outcomes suggested that the therapeutic effect of pembrolizumab was associated with the histological type and PD-L1 expression.

KEYNOTE-181 (8), a recent phase III clinical trial, demonstrated that among patients with advanced EC, treatment with second-line pembrolizumab resulted in improved outcomes in terms of overall survival (OS) in the PD-L1 CPS≥10 population (hazard ratio, 0.69; 95% confidence interval, 0.52 to 0.83; p = 0.0074) and ESCC population (hazard ratio, 0.78; 95% confidence interval, 0.63 to 0.96; p = 0.0095) compared to chemotherapy.

In recent years, increasing attention has been paid to the cost of healthcare worldwide, and some patients are not treated with more effective strategies because of the high cost (9). Despite the increased survival rate associated with pembrolizumab in the ESCC and PD-L1 CPS ≥10 patient populations, the high cost of pembrolizumab may influence its antitumor effect. Although there was no significant increase in OS (hazard ratio,0.85;95% confidence interval, 0.72 to 1.01) in the intent-to-treat (ITT) population, because the high cost of pembrolizumab and utility values should be taken into consideration when evaluating the effect of a drug, cost-effectiveness analysis of pembrolizumab in the ITT population is also necessary. The aim of this study was to compare the cost-effectiveness of pembrolizumab with that of chemotherapy in patients with advanced EC with different subtypes.



Methods


Population and clinical data collection

The study was based on the KEYNOTE-181 clinical trial (8). The targeted population was patients with histologically confirmed ESCC or EAC who experienced progression after first-line therapy. The cost-effectiveness analysis was conducted in three subgroups: patients with PD-L1 CPS ≥ 10 (CPS ≥ 10 population, number = 222), ESCC patients (ESCC population, number = 401), and all ITT patients (ITT population, number = 628).

Reconstructed patient data were extracted from Kaplan-Meier curves of OS and progression-free survival (PFS), as reported in the KEYNOTE-181 trial, by Getdata Graph Digitizer (version 2.26; http://www.getdata-graph-digitizer.com). R software (version 4.0.5; http://www.r-project.org) was used to reconduct curves and fit distributions. Several common parametric models were selected to calculate the parameters as previously described (10), including the log-normal, log-logistic, gamma, Weibull, exponential, and Gompertz distributions. Based on the Akaike information criterion and Bayesian information criterion, a best-fitting parametric distribution was selected for each curve. The estimated parameters of the selected distributions for the curves are listed in Table 1.


TABLE 1 Parameters of selected models.
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Model structure

To evaluate the cost-effectiveness of second-line pembrolizumab for EC, a three-state Markov model was designed using TreeAge software (version 2021, Williams-town, MA; https://www.treeage.com/product/treeage-pro-healthcare). The three health states included PFS, progressive disease (PD) and death (Figure 1). All targeted populations were supposed to stay in the PFS state when they were treated with second-line pembrolizumab or chemotherapy in the first cycle. They could stay in their original state or move to other states based on transition probabilities in the following cycles. The Markov cycle was set at 3 weeks. The time horizon was set to 10 years, which was used to simulate the natural course of esophageal cancer and sufficient to model the OS of patients with advanced ESCC.


[image: Figure 1]
FIGURE 1
 Three-state Markov model.


Incremental cost, Incremental effect, Life-years, quality-adjusted life-years (QALYs) and incremental cost-effectiveness ratio (ICER) were measured. Cost and effectiveness were discounted at an annual rate of 3%, as recommended by the US economic evaluation guidelines (11). The willingness-to-pay (WTP) threshold was set at $150,000 per QALY from the US third-party public healthcare payer perspective.



Cost and utility data

Only direct medical costs, including the costs of pembrolizumab, chemotherapy, administration, follow-up, laboratory testing, best supportive care and management of grade 3–4 main adverse events (AEs) were included in the model (Table 2) (12, 14–16).


TABLE 2 Key input parameters of model.
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In the pembrolizumab group, patients were treated with 200 mg pembrolizumab for a 3-week cycle. In the chemotherapy group, patients were treated with monotherapy according to the clinician's discretion. Clinicians selected drug among paclitaxel (80–100 mg/m2, three times, 4-week cycle), docetaxel (75 mg/m2, one time, 3-week cycle), or irinotecan (180 mg/m2, one time, 2-week cycle). The cost of the chemotherapy drug was assumed to be the average price of paclitaxel, docetaxel and irinotecan. When the disease progressed, the third-line agents were assumed to be single-agent paclitaxel, docetaxel, or irinotecan (17). The body surface area was assumed to be 1.86 m2 (18). Prices were derived from the Centers for Medicare and Medicaid Services (Table 2). To evaluate the effectiveness, we used QALYs in the model, which was adjusted by utility. Since the KEYNOTE-181 trial did not consider quality of life, utility scores of the PFS and PD states were acquired from a previously published EC-related cost-effectiveness study. Utilities of PFS and PD were set as 0.741 and 0.581, respectively (Table 2) (12).



Sensitivity analysis

One-way sensitivity analysis and probabilistic sensitivity analysis were conducted to quantify uncertainty and assess the robustness of the Markov model. In the one-way sensitivity analysis, the parameters were set over a range of ± 20% of the baseline values (19). The results of the one-way sensitivity analysis were displayed on the tornado diagrams. In addition, probabilistic sensitivity analysis was also conducted using a Monte Carlo simulation with 10,000 iterations (20). Beta distribution was assigned for risk for main AEs and health utility values, whereas gamma distribution was assigned for cost (Table 2). Cost-effectiveness acceptability curves showed the results of the probabilistic sensitivity analysis. These curves presented the estimated probabilities of pembrolizumab and chemotherapy being regarded as cost-effective strategies at varying WTP thresholds.




Results


Cost-effectiveness analysis

As shown in Table 3, in the ITT population, pembrolizumab gained 0.801 QALYs at a cost of $45,829.960. The effectiveness of chemotherapy was 0.550 QALYs, and the cost was $6,332.282. Compared with chemotherapy, the mean incremental effectiveness and cost of pembrolizumab were 0.251 QALYs and $39,497.678, respectively. The ICER for pembrolizumab versus chemotherapy was $157,589.545 per QALY, although pembrolizumab when utility scores of health states were not considered, with an ICER of $91,083.929 per life-year.


TABLE 3 Cost-effectiveness analysis results.
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In the ESCC population, the estimated cost of pembrolizumab was $45,261.471, which was higher than the $2,575.608 for chemotherapy, resulting in an incremental cost of $42,685.863. The pembrolizumab group gained an incremental effect of 0.709 QALYs compared with the chemotherapy group in this population. The ICER in the ESCC population was $60,238.823 per QALY, which was significantly lower than the WTP threshold.

Pembrolizumab was also more costly in the CPS ≥10 population with a cost of $39,022.521 compared with $6,309.908 for chemotherapy. Treatment with pembrolizumab yielded an incremental effect of 0.327 QALYs at an incremental cost of $32,712.613 compared with chemotherapy, resulting in an ICER of $100,114.929 per QALY. At the WTP threshold of $150,000 per QALY, pembrolizumab was also a cost-effective treatment strategy compared with chemotherapy in the CPS ≥ 10 population.



One-way sensitivity analysis

The results of the one-way sensitivity analysis are shown in the tornado diagram (Figure 2). The utility score of the PD state was the factor that most altered the cost-effectiveness outcomes, because we focused on second-line treatment of EC, and these patients were generally in poor condition when they entered the cohort and transited to the PD state quickly. Therefore, the utility score of the PD state played a more dominant role than the utility score of the PFS state.
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FIGURE 2
 Tornado diagram for the ICER per QALY of pembrolizumab vs. chemotherapy in three groups (A) the Intent-to-treat Population; (B) Patients with Squamous Cell Carcinoma; (C) Patients with programmed cell death-Ligand 1 (PD-L1) combined positive score (CPS) ≥ 10.


The cost of pembrolizumab also played a crucial role in this model. If the cost of pembrolizumab increased from $8,258.56 to $12,387.84 per cycle, the ICERs in the ITT, ESCC, CPS ≥ 10 populations increased from $127,626 to $187,553 per QALY, from $50,183 to $70,295 per QALY, and from $81,889 to $118,341 per QALY, respectively.

In addition, the probability of diarrhea occurrence in patients treated with pembrolizumab, costs of best supportive care, utility score of the PFS state, cost of laboratory tests, cost of anemia management, cost of follow-up, and cost of administration were important influential factors on the ICER.



Probabilistic sensitivity analysis

The cost-effectiveness acceptability curves are shown in Figure 3. The curves demonstrate the probability of pembrolizumab to be cost-effective compared to the WTP. At a WTP threshold of $150,000 per QALY, the cost-effectiveness acceptability curve showed that wtp, 100%, and 91.12% in the ITT, ESCC, and CPS≥10 populations, respectively. When the WTP values were about $158,000 and $99,000 per QALY in the ITT and CPS ≥ 10 populations, respectively. There was a 50% probability that pembrolizumab was a cost-effective therapy. In patients with ESCC, pembrolizumab had a 100% possibility of being a cost-effective treatment when the threshold of WTP increased to $69,000 per QALY.
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FIGURE 3
 The cost-effectiveness acceptability curves for the pembrolizumab strategy compared to the chemotherapy strategy in three groups (A) the Intent-to-treat Population; (B) Patients with Squamous Cell Carcinoma; (C) Patients with programmed cell death-Ligand 1 (PD-L1) combined positive score (CPS) ≥ 10.





Discussion

Pembrolizumab is a representative antitumor agent that targets PD-1 and activate T cells to exert antitumor function (21). The main adverse effects of pembrolizumab are hypothyroidism and rash, which are more slight compared with chemotherapy (22). Therefore, the national Comprehensive Cancer Network has suggested pembrolizumab combined with chemotherapy as a first-line therapy for both EAC and ESCC depending on the PD-L1 expression level (23), whereas pembrolizumab only suggested in ESCC patients as a second-line therapy based on KEYNOTE-181. In my opinion, large-scale multi-center studies also should be carried out to further explore the applicable condition of pembrolizumab.

KEYNOTE-181, a phase III clinical trial, showed that pembrolizumab could prolong OS among EC patients with a PD-L1 CPS ≥ 10 and patients with ESCC compared with chemotherapy. Based on these fundings, pembrolizumab was approved by the food and drug administration of America as a second-line therapy for advanced ESCCs with CPS scores ≥ 10 (24). However, survival outcomes do not account for all aspects of a drug, and pembrolizumab contributes to a heavy burden of medical expenditure. Cost-effectiveness analysis is an indispensable part of the application of second-line pembrolizumab for EC. To our knowledge, this is the first study to examine the cost-effectiveness of pembrolizumab as a second-line treatment for EC based on subgroups of PD-L1 CPS and histopathologic type from the perspective of US.

Our results illustrated that pembrolizumab is cost-effective in the ESCC or CPS ≥10 populations, but not in the ITT population. We found that the ICER in the ITT population was $157,589.545 per QALY, which was slightly higher than the WTP of $150,000 per QALY. Pembrolizumab is also an alternative strategy for patients with high incomes and willingness to pay for health. Mei Zhan et al. reported the cost-effectiveness analysis of pembrolizumab vs. chemotherapy based on KEYNOTE-181 study from the perspective of Chinese society recently (25). They drew a diverse conclusion that compared with chemotherapy, pembrolizumab is not a cost-effective treatment option for the second-line treatment of EC in China. The ICER is $202,708.62 per QALY, $163,643.19 per QALY and $163,165.26 per QALY in the ITT population, ESCC populations and CPS ≥ 10 populations. There are several reasons for the opposite results. Firstly, we assumed that economic differences had the biggest impact on the results. Due to different economic conditions, we set WTP as the cut-off value of WTP while Mei Zhan et al. (25) set WTP according to Gross Domestic Product per capita. Secondly, though both two studies used the Markov model to evaluate the cost and QALY, the input parameters derived from relevant literature and the value could be modified basing the actual situation.

Other second-line strategies for EC have been assessed. Nivolumab is a monoclonal antibody that targets PD-1. Compared with pembrolizumab, nivolumab has the advantage of higher safety in various cancer (26). Zhang et al. (12) suggested that nivolumab is not a cost-effective option compared with chemotherapy in Chinese patients with ESCC (12). However, the cost of nivolumab is $13,674 per month based on the price derived from the Centers for Medicare and Medicaid Services (13) whereas the cost of pembrolizumab is $13,764 per month at the current price. Therefore, the price of pembrolizumab is comparable to that of nivolumab, and both prolong OS compared to chemotherapy. There are several reasons for these different results. First, given the differences in the countries' situations, different costs of drugs and WTP thresholds may be the main influential factors. Second, clinical trials demonstrated that both nivolumab and pembrolizumab could prolong OS as second-line treatment, but the median OS of chemotherapy in the two trials were different due to differences in the chemotherapy treatment strategies and demographic characteristics. Chemotherapy and immunotherapy commonly used at second-line therapy in esophageal cancer. As for ESCC patients failed first-line therapy, pembrolizumab was recommended for ESCC patients with a PD-L1 CPS ≥ 10 and nivolumab was recommended for all ESCC patients. Based on previous cost-effectiveness studies, nivolumab and pembrolizumab were found to be less cost-effective than chemotherapy on the basis of Chinese perspective. However, our study found that pembrolizumab was cost-effective in the ESCC or a PD-L1 CPS ≥10 populations from the perspective of the US. Therefore, pembrolizumab could be preferred for Americans with ESCC or a PD-L1 CPS ≥ 10 when first-line treatment of esophageal cancer failed.

In the one-way sensitivity analysis, the most sensitive parameter in the model was the utility score of the PD state, which is a measured value from experiments. The cost of pembrolizumab also largely influenced outcomes, which could be explained by its high price. Although the utility score of the PD state and cost of pembrolizumab played critical roles in the three groups, pembrolizumab was still cost-effective when changing these two values in the ESCC and CPS ≥10 populations with a WTP threshold of $150,000 per QALY. Further, when the cost of pembrolizumab was < $9,800 per 3 weeks, pembrolizumab was cost-effective even in the ITT population compared with chemotherapy. Therefore, lowering the price of pembrolizumab is a feasible strategy for further widespread second-line administration of pembrolizumab in patients for whom PD-L1 expression is not tested or patients with EAC. With the development of targeted therapy, an increasing number of PD-1 inhibitors or other molecular targeted therapeutic drugs with equal efficacy will emerge. At that time, the price of pembrolizumab may be reduced, which might make it a more cost-effective second-line treatment option in patients with EC.

Our study has some limitations. First, KEYNOTE-181 was the first randomized controlled trial of second-line pembrolizumab for EC. We used a Markov model to simulate disease progression, although some results were not detailed. For instance, KEYNOTE-181 only recorded the risk of AEs in the ITT population and did not collect these data in the ESCC and CPS ≥10 populations. Therefore, these results failed to reflect the actual situation. Second, the utility score of the PD state is a critical parameter affecting the results. However, few studies have discussed the utility scores of the PFS and PD states of EC. Existing research has always presented different utility scores. Therefore, more research should be conducted to explore the most suitable utility scores for different cancer types and health conditions. Third, utility scores of AEs were not considered in our analysis, because utility scores varied in different studies, and these utility scores lacked sufficient experimental evidence. We look forward to the publication of credible utility scores for AEs. Fourth, costs usually vary geographically and temporally due to varying economic levels, which may affect the results. However, we performed Monte Carlo simulations with 10,000 iterations to meet various requirements. Fifth, cut-off value of CPS of the PD-L1 expression was set as 10 without setting different threshold values of CPS to compare survival benefits in the KEYNOTE-181 clinical trial. A previous study indicated that advanced gastric or gastro-esophageal junction cancer patients with CPS of PD-L1 ≥ 1 treated with pembrolizumab had prolonged overall survival than total population. Results showed that cut-off value of CPS of PD-L1 was set as 1 could had a positive outcome in advanced gastric or gastro-esophageal junction cancer patients in terms of survival benefits. Further clinical studies are needed to explore the most appropriate threshold value for CPS of the PD-L1 expression. Moreover, only histological type and PD-L1 expression level were analyzed to explore the targeted population of pembrolizumab. More factors should be considered and analyzed when determine a new drug's application, such as types of precancerous lesions and human epidermal growth factor receptor 2 expression. Therefore, further cost-effectiveness analysis of esophageal carcinoma treated with pembrolizumab based on different CPS of PD-L1 expression cut-off values or other factors related to the application of pembrolizumab also should be carried out.



Conclusion

In conclusion, pembrolizumab is cost-effective in patients with ESCC or a PD-L1 CPS ≥ 10. Therefore, pembrolizumab is another choice for the second-line treatment for patients with ESCC or a PD-L1 CPS ≥ 10 from the perspective of US health economics, in addition to current chemotherapy.
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Variable Baseline value

Risk for main adverse events, %

Pembrolizumab group

Fatigue 06
Decreased appetite 0.6
Asthenia 13
Diarrhea 0.6
Anemia 13
Chemotherapy group

Diarrhea 3
Anemia 7.8
Neutrophil count decreased 9.8
WBC count decreased 10.1
Neutropenia 7.1
Health utility scores

Utility of PFS 0.741
Utility of PD 0.581
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