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Introduction

Recently, a phase III CROWN trial compared the efficacy of two anaplastic lymphoma kinase (ALK) inhibitors and demonstrated that lorlatinib displayed clinical improvement over crizotinib for advanced non-small cell lung cancer (NSCLC) patients. Therefore, the aim of this study was to estimate the cost-effectiveness of lorlatinib as a first-line therapy for patients with advanced ALK-positive (+) NSCLC.



Materials and Methods

A cost-effectiveness analysis was performed using a microsimulation model from the US payer perspective and a lifetime horizon (30 years) in patients with previous untreated advanced ALK+ NSCLC. Based on the CROWN trial, patient characteristics were obtained, and the transition probabilities were estimated. All direct costs were derived from official sources and published literature. The main outcomes of the model were total costs, incremental cost-effectiveness ratio (ICER), quality-adjusted life years (QALYs), and life years (LYs). One-way and probabilistic sensitivity analyses and multiple scenario analyses were conducted to test the robustness of the model outcomes.



Results

In the base case analysis, in which 1 million patients were simulated, treatment with lorlatinib or crizotinib as the first-line treatment was related to a mean cost of $909,758 and $616,230 (incremental cost: $293,528) and a mean survival of 4.81 QALYs and 4.09 QALYs (incremental QALY: 0.72) per patient, respectively. The main drivers of cost effectiveness were drug price and subsequent cost. PAS indicated that lorlatinib has 90% cost-effectiveness when compared to crizotinib when the willingness-to-pay (WTP) threshold in increased to $448,000/QALY. Scenario analysis demonstrated that lorlatinib has 100% cost-effectiveness at a WTP threshold of 200,000/QALY compared to crizotinib treatment when the price of lorlatinib is decreased to 75% ($424.5) of its original price.



Conclusions

In this study, lorlatinib was unlikely to be cost effective compared with crizotinib for patients with previously untreated advanced ALK+ NSCLC at a WTP threshold of 200,000/QALY.





Keywords: cost-effectiveness (CE), non-small cell lung cancer, ALK, lorlatinib, crizotinib



Highlights

	This study reported that although lorlatinib significantly improved health outcomes, it still cannot be regarded as a cost-effective option compared with crizotinib for patients with untreated advanced ALK+ NSCLC from a US payer perspective.

	When we adjusted the price of lorlatinib to $424.50, lorlatinib had 100% cost-effectiveness at a WTP threshold of 200,000/QALY compared with crizotinib treatment.

	The implication of this study is not that crizotinib be used in place of lorlatinib or that lorlatinib should be withheld from patients. Rather, this study suggests that policymakers should control drug prices to within a reasonable range.





Introduction

Lung cancer, a second most common cancer in the United States (US) among both men and women, has the greatest cancer-related mortality of all cancers in the US, accounting for almost 25% of all cancer deaths (1, 2). Non-small cell lung cancer (NSCLC) accounts for approximately 85% of lung cancer cases, and of these, approximately 2–7% are anaplastic lymphoma kinase (ALK), with the majority being of the nonsquamous subtype (3–5). The American Cancer Society reported that in 2020, 228,820 new lung cancer cases were diagnosed in the US, and 135,720 lung cancer deaths occurred (1). This formidable mortality is due mainly to a combination of the high incidence of lung cancer, and survival outcomes remain poor in patients with advanced lung cancer (i.e., stage III/IV): The 5-year relative survival for patients with distant metastasis is 5.8% (6, 7).

Although treatments for late-stage lung cancer are seldom curative, new therapies are urgently needed and have shown enormous potential for lung cancer patients in clinical practice (8, 9). Tyrosine kinase inhibitors (TKIs), the first targeted therapy for NSCLC, have demonstrated clinical improvements in both progression-free survival (PFS) and response levels and are thus recommended by clinical guidelines for patients with NSCLC (10–18). ALK rearrangement, a potential mechanism for targeted therapy was soon recommended for NSCLC treatment (19). Crizotinib, a first-generation targeted TKI for advanced ALK+ NSCLC, was approved by the US Food and Drug Administration (FDA) in 2011 and has been established as the current standard of care in the US (20, 21). Subsequently, although more potent ALK inhibitors (i.e., ensartinib, alectinib and brigatinib) have been developed and showed clinical improvement superior to that of crizotinib as a first-line therapy, crizotinib is still recommended as the standard of care for ALK+ patients in some countries worldwide because of pharma-economic evaluations (22–26). Lorlatinib, a third-generation ALK inhibitor, received approval from the US FDA in 2018 for the treatment of patients with advanced ALK+ NSCLC (27). Compared with crizotinib, lorlatinib is more potent in biochemical and cellular assays and has been identified as the agent with the broadest coverage of ALK-resistant mutations (28). Moreover, lorlatinib can achieve high exposure in the central nervous system because it can cross the blood–brain barrier (28).

Recently, the CROWN trial (NCT03052608), an international randomized phase III trial comparing lorlatinib with crizotinib in patients with previously untreated advanced ALK+ NSCLC, indicated that lorlatinib was associated with a significantly longer PFS, better quality of life (QoL), and a higher intracranial response rate (28). Seventy-eight percent (95% confidence interval [CI], 70–84) and 39% (95% CI, 30–48) of patients survived with progression-free disease at 12 months after lorlatinib and crizotinib treatment, respectively, and the hazard ratio was 0.28 (95% CI, 0.19–0.41, P <0.001) for disease progression or death (28). Previous studies have demonstrated that lorlatinib not only inhibits ALK more effectively than first- or second-generation inhibitors but also more potently treats central nervous system (CNS) metastases (29–32).

With targeted therapy becoming standard practice and the availability of an increasing number of novel therapeutic agents against ALK+ NSCLC, assessing the cost-effectiveness of new therapies has become instrumental in determining the implementation of these strategies. The aim of this study was to provide an economic evaluation of lorlatinib for advanced ALK+ NSCLC patients who had previously received no systemic treatment for metastatic disease to better understand its value from the US healthcare payer perspective.



Materials and Methods


Analytical Overview

To reflect patient heterogeneity, a microsimulation model was developed to estimate the health and cost outcomes of patients with previously untreated advanced ALK+ NSCLC from the US healthcare payer perspective using TreeAge Pro software Version 2020. The model structure and input parameters were based on the results of the CROWN trial, previously published literature and publicly available US databases. The model included four mutually exclusive health states: Progression-free (PF), progression disease (PD), end-stage disease and death (Figure 1). All simulated patients entered the model in the PF health stage and could switch to PD, end-stage or death according to certain transition probabilities. Based on the CROWN trial, 2 treatment arms were included in the model, which simulated a 30-year horizon with a 28-day cycle length: First-line treatment with either oral lorlatinib (100 mg daily) or oral crizotinib (250 mg twice daily) until disease progression (See Table S1 in the electronic Supplementary Material for details) (28). After disease progression, patients without CNS metastases in both the lorlatinib and crizotinib arms could receive subsequent therapy until death; otherwise, they could switch to end-stage and receive best supportive care (BSC). The main outcomes of this study were costs, quality-adjusted life years (QALYs), life years (LYs), and incremental cost-effectiveness ratios (ICERs). All cost and utility outcomes were discounted at 3% per year (33). A willingness-to-pay (WTP) threshold of $200,000/QALY was set when comparing the ICER between the two groups (34).




Figure 1 | Model structure. *ALK, anaplastic lymphoma kinase; NSCLC, Non-small cell lung cancer; PF, progression-free; PD, progressive disease.



In the CROWN trial, a total of 296 patients were enrolled and randomly assigned to treatment with lorlatinib (n = 149) or crizotinib (n = 147). The patient characteristics are summarized in greater detail in Supplementary Table S1.



Clinical Data Inputs

The Kaplan–Meier (KM) survival curves used to model overall survival (OS) and PFS were obtained from the CROWN trial using GetData Graph Digitizer version 2.26 to extract the data points. The probability of death in any state for lorlatinib and crizotinib use was estimated according to the OS curves of the CROWN trial. After we extracted the data points from the OS curves, the data of pseudoindividual patients were generated using an algorithm created by Hoyle et al. (35); then, five parametric survival models (exponential, Weibull, logistic, log-logistic, and lognormal) were used to fit the pseudoindividual patient. The results of the survival model fitting showed that an exponential distribution had the lowest Akaike information criterion and was regarded as the optimum model to fit the OS curves. The 2018 US life table was also used in the model to estimate the background mortality rate (36).

The transition probability of mortality between time t − u and t for the two strategies was calculated by using formula (1) below:



while S(t) = exp(−λt) (λ > 0).

We used the same method to estimate the progression risk and probability of CNS metastases for lorlatinib and crizotinib based on the PFS curves from the CROWN trial. Exponential and Weibull distributions were considered the preferred models to fit the PFS curves for lorlatinib and crizotinib and were used to extrapolate progression rates.



Cost and Utility Input

In this study, we assessed the aforementioned two treatments from the US healthcare payer perspective and thus only considered the following direct costs associated with cancer therapy: Drug acquisition, laboratory tests (37), monitoring for progression-disease (CT) (37), adverse events (AEs) management, BSC with or without CNS metastases, and subsequent therapy costs (38). All the costs were obtained from relevant US sources and corrected for inflation to reflect 2020 US dollars (39) (Table 1). The unit costs of the drugs were derived from First Data Bank, and the treatment costs per cycle were estimated using the unit cost and dosing schedules of the drugs on the basis of the average wholesale price minus 16% (Tables 1, 2) (40, 41). The AEs included in the model were those with a severity of grade 3/4 and a frequency ≥5% or a difference of more than 2% between two treatment strategies in CROWN trial. We included hypercholesterolemia, hypertriglyceridemia, edema, and hypertension in the model and obtained the costs of AEs from previous studies (43–48). The CROWN trial reported the corresponding percentage of the population that received subsequent treatment, but it did not provide a specific protocol for subsequent treatment. Therefore, we used data from Deirdre F. Sheehan et al., whose study estimated the total cost of the following phase of care for lung cancer patients based on the Surveillance, Epidemiology, and End Results (SEER)-Medicare database to calculate the subsequent treatment cost in our study. Finally, based on the proportion of patients who received subsequent treatment in the lorlatinib group (69.1%) and the crizotinib group (24.5%) in the CROWN trial, we estimated that the subsequent costs of lorlatinib and crizotinib were $4,641 and $4,681 per cycle, respectively.


Table 1 | Model parameters: baseline values, ranges, and distributions for sensitivity analysis.




Table 2 | Summary base case results.



Utility values are often used to reflect a patient’s preference for living in a particular health state, with zero representing the worst health and one representing the best health (37). The CROWN trial did not report QoL results or outcomes. Therefore, we used utilities of 0.81 for patients in the PF phase and 0.72 for the PD phase, obtained from a previously published cost-effectiveness analysis with patient and disease characteristics similar to those of the CROWN trial (49). Patients who experience CNS metastases will ultimately switch to end-stage and receive BSC, so we used a utility of 0.47 for patients at that phase based on previous research conducted by Carlson (49) (Table 1).



Analysis

To determine the key drivers of the model and to evaluate the robustness of the model, univariate deterministic sensitivity analysis (DSA), including 22 variables (costs, utilities, and risk of AEs) from the fitted extrapolative model, was performed. A probability sensitivity analysis (PSA) with 1,000 iterations of 10,000 patients was conducted to test the uncertainty of the model using second-order Monte Carlo simulation. In the sensitivity analysis, all parameters were assigned at a suitable distribution and were tested at the upper or lower limits of plausible ranges (Table 1) (42).

We also conducted multiple scenario analyses related to patient demographics, drug price, discount rate, utility value, and time horizon to assess how our assumptions affected the model outcomes. For example, in the scenario analyses, we not only considered the heterogeneity of NSCLC patients but also varied the drug costs of lorlatinib and crizotinib to evaluate the potential implications of drug tapering.




Results


Base Case Results

To deduce the effect of statistical fluctuations in the outcomes, 1 million patients were simulated for the two strategies, and the results are presented in Table 2. For lorlatinib, the mean cost and LYs were $909,758 and 6.25, respectively, while for crizotinib, the mean costs and LYs were $616,230 and 5.45, respectively. After adjustment for quality-adjusted life year (QALY), lorlatinib provided 4.81 QALYs, which was 0.72 QALYs more than for patients receiving crizotinib. The patients in the lorlatinib arm cost an additional $148,973, resulting in an ICER of $368,211/LYs or $409,667/QALYs compared with the crizotinib arm (Table 2).



Sensitivity and Scenario Analysis

The results of the one-way sensitivity analysis are presented in Figure 2 and illustrate that the primary drivers of the model outcome were the drug prices of lorlatinib and crizotinib, the cost of subsequent treatment in the two strategies and the utility of PF. Other parameters, such as utility of PD, cost and risk of AEs, cost of BSC for CNS metastases, and sex, had moderate effects on the ICER. The PSA results in Figure 3 show that without adjusting the drug price of lorlatinib, lorlatinib vs crizotinib had 90% cost-effectiveness only when the WTP threshold was increased to $448,000/QALY. Otherwise, it was impossible for lorlatinib to be cost-effective at the $200,000/QALY WTP threshold compared with crizotinib.




Figure 2 | Tornado diagram for univariable sensitivity analysis. *ICER, Incremental cost-effectiveness ratio; BSC, Best supportive care; CNS, Central nervous system; AEs, Adverse events.






Figure 3 | Acceptability curve of the probability sensitivity analysis. The probability sensitivity analysis of the base case.



Supplementary Table S4 shows the results of six scenario analyses. Notably, in scenario 3, when we adjusted the drug cost, the ICER for lorlatinib vs crizotinib treatment changed greatly. When the drug price of lorlatinib decreased to 75% ($424.5) of its original price, lorlatinib vs crizotinib treatment had 100% cost-effectiveness at a WTP threshold of 200,000/QALY, with a lower ICER of $161,154/QALY compared with the base case analysis (Figure 4). When we varied the drug price of lorlatinib to 50% ($283) and 25% ($141.5) of its original cost, the ICER for lorlatinib vs crizotinib therapy decreased to −$221,179/QALY and −$518,272/QALY, respectively. The negative ICER in the above cases confirms the dominance of the lorlatinib strategy, which accumulated higher QALYs at a lower cost over the model’s time horizon.




Figure 4 | Acceptability curve of the probability sensitivity analysis. The probability sensitivity analysis of scenario 3-2 (adjusting the price of lorlatinib to its lower limit).



In scenario 6, the time horizon was changed to 5, 10 and 20 years to assess the impact of the OS and PFS extrapolations used in the model. Most of the costs (70%) occurred in the first 5 years of the time horizon; however, patient survival continued to increase after 5 years. Therefore, the longer the time horizon patients experienced, the greater their opportunity to accrue incremental benefit from disease progression and the lower the ICER obtained.




Discussion

Over the past two decades, newly licensed anticancer drugs have been developed rapidly, which has been followed by an increase in the price of cancer drugs (50–52). Globally, the expenditure for anticancer drugs is approximately $100 billion annually, and the total expenditures for cancer have increased by a rate of 7.0% per year and are predicted to increase to $158 billion by 2025 (7, 50). The average treatment cost for a novel anticancer drug often exceeds $100,000 per year in the US (52). High drug prices not only increase patients’ out-of-pocket expenses, resulting in financial toxicity and low compliance, but also impose unsustainable cumulative price burdens for society (52). As a result, there is an urgent but challenging need to address extreme health care expenditures. To our knowledge, this is the first study worldwide to analyze the cost-effectiveness of a novel anticancer drug (lorlatinib) vs a standard-of-care drug (crizotinib) for the treatment of advanced ALK + NSCLC. The results revealed that compared with crizotinib, lorlatinib is unlikely to be cost effective in the current setting, although the acceptability of ICER values is subjective and depends on many other factors, such as social value and general budget (53). This lack of cost-effectiveness can be explained by the high cost of lorlatinib, since the scenario analysis and PSA results indicated that lorlatinib has 100% cost-effectiveness at a WTP threshold of 200,000/QALY vs crizotinib when the cost of lorlatinib is adjusted to the lower limit. Therefore, the implication of our study is not that lorlatinib should be withheld from patients with untreated ALK+ NSCLC; in particular, the advantages of lorlatinib treatment over crizotinib include slower progression of brain metastases for patients receiving long-term treatment (54). Rather, this study reveals the cost-effectiveness that would result from controlling the drug’s price to within a reasonable range. In the US, limited drug price transparency and the lack of unified government control over drug prices result in the highest drug costs in the world (55). Fortunately, the US government has proposed reducing the high drug costs paid by US patients by linking the drug prices paid by Medicare to those paid by health systems in other advanced countries (56). Once this plan is enacted or implemented, it might lower the price of lorlatinib and lead to more favorable economic outcomes.

The sensitivity analysis also illustrated that the subsequent cost greatly impacted the model outcome. Although the CROWN trial did not provide the specific treatment sequence after first-line treatment failure, we included possible clinical practices (BSC, surgery, chemotherapy and radiation) during the continuing treatment phase and calculated the subsequent treatment cost for patients with ALK+ NSCLC based on the previous study conducted by Deirdre. Therefore, we call for more RCTs to study the therapeutic sequence of ALK+ drugs in the future to help identify the best treatment sequence and offer the best QoL for patients with ALK+ NSCLC. At that time, we can further study the cost-effectiveness of lorlatinib as a first-line treatment or at any other point in the treatment sequence.

This research has certain limitations that merit mention. First, the main limitation of all cost-effectiveness studies is that they must adopt a particular set of circumstances and cannot widely and dynamically reflect the real-world clinical scenario (57). Cost-effectiveness studies will yield different outcomes when performed in different scenarios; for example, there is a large disparity between public and private health users in the US (58), and our study was conducted on the basis of the public health system. The study results cannot be generalized from one country to another due to the wide variation in healthcare systems among different countries. Second, the CROWN trial is the only randomized phase III trial that has directly compared lorlatinib and crizotinib for patients with advanced ALK+ NSCLC, and many input parameters (OS, PFS, AEs, etc.) in our model were obtained from this trial. Therefore, the external validity of our model largely depends on that trial, and any slight biases in that trial will have impacted our model outcome to some extent. Third, this study did not compare other potential treatment options due to a lack of head-to-head trials comparing multiple agents. Therefore, we call for more direct comparison trials of multiple potential treatment options in the future, and we will update our conclusion in the future if data are available. Fourth, owing to the lack of utility information in the CROWN trial, the utility values we used in our model were obtained from published cost-effectiveness studies that had the same patient characteristics as the CROWN trial. Although this may lead to some biases, we performed a series of sensitivity analyses that included wide variation in utility values. Finally, although it is usual in cost-effectiveness analyses to conduct an additional estimation to assess the financial consequences of adopting a new intervention (59, 60), we did not consider the budget impact that adding lorlatinib would have on society. However, the results of this evaluation might be a valuable reference for policymakers and physicians since it reflects the general clinical practice in managing advanced ALK+ NSCLC.



Conclusion

From the US healthcare payer perspective, lorlatinib is determined not to be cost-effective when compared to crizotinib for NSCLC patients with previous untreated advanced ALK+ NSCLC at a willingness-to-pay threshold of $200,000 per QALY. However, when we decreased the drug price of lorlatinib to $424.50, the lorlatinib vs crizotinib strategy had 100% cost-effectiveness at a WTP threshold of 200,000/QALY. This implies that an appropriate drug price for lorlatinib should be taken into consideration when making policy decisions.



Data Availability Statement

The original contributions presented in the study are included in the article/Supplementary Material. Further inquiries can be directed to the corresponding authors.



Author Contributions

SL constructed the model, collected and analyzed the data, and drafted the manuscript. XW conceptualized the study and provided the model framework. YL contributed to the revision of the manuscript. LP and JL were the guarantors of the study and provided technical and material support. All authors contributed to the article and approved the submitted version.



Funding

This study was funded by the National Natural Science Foundation of China (No: 71874209) and Hunan Provincial Natural Science Foundation of China (No. 2019JJ40411).



Acknowledgments

All named authors meet the International Committee of Medical Journal Editors (ICMJE) criteria for authorship for this article, take responsibility for the integrity of the work as a whole, and have given their approval for this version to be published.



Supplementary Material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fonc.2021.684073/full#supplementary-material



References

1. American Cancer Society. Lung Cancer. Available at: https://www.cancer.org/cancer/lung-cancer.html (Accessed December 2020).

2. Siegel, RL, Miller, KD, and Jemal, A. Cancer Statistics, 2020. CA Cancer J Clin (2020) 70(1):7–30. doi: 10.3322/caac.21590

3. Tembuyser, L, Tack, V, Zwaenepoel, K, Pauwels, P, Miller, K, Bubendorf, L, et al. The Relevance of External Quality Assessment for Molecular Testing for ALK Positive non-Small Cell Lung Cancer: Results From Two Pilot Rounds Show Room for Optimization. PloS One (2014) 9(11):e112159. doi: 10.1371/journal.pone.0112159

4. Chia, PL, Mitchell, P, Dobrovic, A, and John, T. Prevalence and Natural History of ALK Positive non-Small-Cell Lung Cancer and the Clinical Impact of Targeted Therapy With ALK Inhibitors. Clin Epidemiol (2014) 6:423–32. doi: 10.2147/CLEP.S69718

5. Claxton, L, O’Connor, J, Woolacott, N, Wright, K, and Hodgson, R. Ceritinib for Untreated Anaplastic Lymphoma Kinase-Positive Advanced non-Small-Cell Lung Cancer: An Evidence Review Group Evaluation of a NICE Single Technology Appraisal. Pharmacoeconomics (2019) 37(5):645–54. doi: 10.1007/s40273-018-0720-8

6. National Cancer Institute. SEER Cancer Statistics Factsheets: Lung and Bronchus Cancer (2020). Available at: https://seer.cancer.gov/statfacts/html/lungb.html (Accessed December 2020).

7. Criss, SD, Mooradian, MJ, Sheehan, DF, Zubiri, L, Lumish, MA, Gainor, JF, et al. Cost-Effectiveness and Budgetary Consequence Analysis of Durvalumab Consolidation Therapy vs No Consolidation Therapy After Chemoradiotherapy in Stage III Non-Small Cell Lung Cancer in the Context of the US Health Care System. JAMA Oncol (2019) 5(3):358–65. doi: 10.1001/jamaoncol.2018.5449

8. Gridelli, C, de Marinis, F, Cappuzzo, F, Di Maio, M, Hirsch, FR, Mok, T, et al. Treatment of Advanced non-Small-Cell Lung Cancer With Epidermal Growth Factor Receptor (EGFR) Mutation or ALK Gene Rearrangement: Results of an International Expert Panel Meeting of the Italian Association of Thoracic Oncology. Clin Lung Cancer (2014) 15(3):173–81. doi: 10.1016/j.cllc.2013.12.002

9. Reck, M, and Paz-Ares, L. Immunologic Checkpoint Blockade in Lung Cancer. Semin Oncol (2015) 42(3):402–17. doi: 10.1053/j.seminoncol.2015.02.013

10. Wu, YL, Zhou, C, Hu, CP, Feng, J, Lu, S, Huang, Y, et al. Afatinib Versus Cisplatin Plus Gemcitabine for First-Line Treatment of Asian Patients With Advanced Non-Small-Cell Lung Cancer Harbouring EGFR Mutations (LUX-Lung 6): An Open-Label, Randomised Phase 3 Trial. Lancet Oncol (2014) 15(2):213–22. doi: 10.1016/S1470-2045(13)70604-1

11. Rosell, R, Carcereny, E, Gervais, R, Vergnenegre, A, Massuti, B, Felip, E, et al. Erlotinib Versus Standard Chemotherapy as First-Line Treatment for European Patients With Advanced EGFR Mutation-Positive Non-Small-Cell Lung Cancer (EURTAC): A Multicentre, Open-Label, Randomised Phase 3 Trial. Lancet Oncol (2012) 13(3):239–46. doi: 10.1016/S1470-2045(11)70393-X

12. Zhou, C, Wu, YL, Chen, G, Feng, J, Liu, XQ, Wang, C, et al. Erlotinib Versus Chemotherapy as First-Line Treatment for Patients With Advanced EGFR Mutation-Positive Non-Small-Cell Lung Cancer (OPTIMAL, CTONG-0802): A Multicentre, Open-Label, Randomised, Phase 3 Study. Lancet Oncol (2011) 12(8):735–42. doi: 10.1016/S1470-2045(11)70184-X

13. Mok, TS, Wu, YL, Thongprasert, S, Yang, CH, Chu, DT, Saijo, N, et al. Gefitinib or Carboplatin-Paclitaxel in Pulmonary Adenocarcinoma. N Engl J Med (2009) 361(10):947–57. doi: 10.1056/NEJMoa0810699

14. Gatzemeier, U, Pluzanska, A, Szczesna, A, Kaukel, E, Roubec, J, De Rosa, F, et al. Phase III Study of Erlotinib in Combination With Cisplatin and Gemcitabine in Advanced non-Small-Cell Lung Cancer: The Tarceva Lung Cancer Investigation Trial. J Clin Oncol (2007) 25(12):1545–52. doi: 10.1200/JCO.2005.05.1474

15. Herbst, RS, Prager, D, Hermann, R, Fehrenbacher, L, Johnson, BE, Sandler, A, et al. TRIBUTE: A Phase III Trial of Erlotinib Hydrochloride (OSI-774) Combined With Carboplatin and Paclitaxel Chemotherapy in Advanced non-Small-Cell Lung Cancer. J Clin Oncol (2005) 23(25):5892–9. doi: 10.1200/JCO.2005.02.840

16. Kris, MG, Natale, RB, Herbst, RS, Lynch, TJ Jr., Prager, D, Belani, CP, et al. Efficacy of Gefitinib, an Inhibitor of the Epidermal Growth Factor Receptor Tyrosine Kinase, in Symptomatic Patients With non-Small Cell Lung Cancer: A Randomized Trial. Jama (2003) 290(16):2149–58. doi: 10.1001/jama.290.16.2149

17. Fukuoka, M, Yano, S, Giaccone, G, Tamura, T, Nakagawa, K, Douillard, JY, et al. Multi-Institutional Randomized Phase II Trial of Gefitinib for Previously Treated Patients With Advanced non-Small-Cell Lung Cancer (the IDEAL 1 Trial) [Corrected]. J Clin Oncol (2003) 21(12):2237–46. doi: 10.1200/JCO.2003.10.038

18. Ettinger, DS, Wood, DE, Aisner, DL, Akerley, W, Bauman, J, Chirieac, LR, et al. Non-Small Cell Lung Cancer, Version 5.2017, NCCN Clinical Practice Guidelines in Oncology. J Natl Compr Canc Netw (2017) 15(4):504–35. doi: 10.6004/jnccn.2017.0050

19. Rekhtman, N, Leighl, NB, and Somerfield, MR. Molecular Testing for Selection of Patients With Lung Cancer for Epidermal Growth Factor Receptor and Anaplastic Lymphoma Kinase Tyrosine Kinase Inhibitors: American Society of Clinical Oncology Endorsement of the College of American Pathologists/International Association for the Study of Lung Cancer/Association for Molecular Pathology Guideline. J Oncol Pract (2015) 11(2):135–6. doi: 10.1200/JOP.2014.002303

20. Pinto, JA, Raez, LE, and Domingo, G. Clinical Consequences of Resistance to ALK Inhibitors in non-Small Cell Lung Cancer. Expert Rev Respir Med (2020) 14(4):385–90. doi: 10.1080/17476348.2020.1721285

21. Vuong, HG, Nguyen, TQ, Nguyen, HC, Nguyen, PT, Ho, ATN, and Hassell, L. Efficacy and Safety of Crizotinib in the Treatment of Advanced non-Small-Cell Lung Cancer With ROS1 Rearrangement or MET Alteration: A Systematic Review and Meta-Analysis. Target Oncol (2020) 15(5):589–98. doi: 10.1007/s11523-020-00745-7

22. Camidge, DR, Kim, HR, Ahn, MJ, Yang, JC, Han, JY, Lee, JS, et al. Brigatinib Versus Crizotinib in ALK-Positive Non-Small-Cell Lung Cancer. N Engl J Med (2018) 379(21):2027–39. doi: 10.1056/NEJMoa1810171

23. Peters, S, Camidge, DR, Shaw, AT, Gadgeel, S, Ahn, JS, Kim, DW, et al. Alectinib Versus Crizotinib in Untreated ALK-Positive Non-Small-Cell Lung Cancer. N Engl J Med (2017) 377(9):829–38. doi: 10.1056/NEJMoa1704795

24. Camidge, DR, Dziadziuszko, R, Peters, S, Mok, T, Noe, J, Nowicka, M, et al. Updated Efficacy and Safety Data and Impact of the EML4-ALK Fusion Variant on the Efficacy of Alectinib in Untreated ALK-Positive Advanced non-Small Cell Lung Cancer in the Global Phase III Alex Study. J Thorac Oncol (2019) 14(7):1233–43. doi: 10.1016/j.jtho.2019.03.007

25. Gristina, V, La Mantia, M, Iacono, F, Galvano, A, Russo, A, and Bazan, V. The Emerging Therapeutic Landscape of ALK Inhibitors in Non-Small Cell Lung Cancer. Pharm (Basel) (2020) 13(12):474. doi: 10.3390/ph13120474

26. Singhi, EK, and Horn, L. Background and Rationale of the eXalt3 Trial Investigating X-396 in the Treatment of ALK+ Non-Small-Cell Lung Cancer. Future Oncol (2018) 14(18):1781–7. doi: 10.2217/fon-2017-0619

27. Peled, N, Gillis, R, Kilickap, S, Froesch, P, Orlov, S, Filippova, E, et al. Glass: Global Lorlatinib for ALK(+) and ROS1(+) Retrospective Study: Real World Data of 123 NSCLC Patients. Lung Cancer (2020) 148:48–54. doi: 10.1016/j.lungcan.2020.07.022

28. Shaw, AT, Bauer, TM, de Marinis, F, Felip, E, Goto, Y, Liu, G, et al. First-Line Lorlatinib or Crizotinib in Advanced ALK-Positive Lung Cancer. N Engl J Med (2020) 383(21):2018–29. doi: 10.1056/NEJMoa2027187

29. Horn, L, Whisenant, JG, Wakelee, H, Reckamp, KL, Qiao, H, Leal, TA, et al. Monitoring Therapeutic Response and Resistance: Analysis of Circulating Tumor DNA in Patients With ALK+ Lung Cancer. J Thorac Oncol (2019) 14(11):1901–11. doi: 10.1016/j.jtho.2019.08.003

30. Shaw, AT, Felip, E, Bauer, TM, Besse, B, Navarro, A, Postel-Vinay, S, et al. Lorlatinib in Non-Small-Cell Lung Cancer With ALK or ROS1 Rearrangement: An International, Multicentre, Open-Label, Single-Arm First-in-Man Phase 1 Trial. Lancet Oncol (2017) 18(12):1590–9. doi: 10.1016/S1470-2045(17)30680-0

31. Gainor, JF, Dardaei, L, Yoda, S, Friboulet, L, Leshchiner, I, Katayama, R, et al. Molecular Mechanisms of Resistance to First- and Second-Generation ALK Inhibitors in ALK-Rearranged Lung Cancer. Cancer Discov (2016) 6(10):1118–33. doi: 10.1158/2159-8290.CD-16-0596

32. Zou, HY, Friboulet, L, Kodack, DP, Engstrom, LD, Li, Q, West, M, et al. PF-06463922, an ALK/ROS1 Inhibitor, Overcomes Resistance to First and Second Generation ALK Inhibitors in Preclinical Models. Cancer Cell (2015) 28(1):70–81. doi: 10.1016/j.ccell.2015.05.010

33. Sanders, GD, Neumann, PJ, Basu, A, Brock, DW, Feeny, D, Krahn, M, et al. Recommendations for Conduct, Methodological Practices, and Reporting of Cost-effectiveness Analyses: Second Panel on Cost-Effectiveness in Health and Medicine. JAMA (2016) 316(10):1093–103. doi: 10.1001/jama.2016.12195

34. Neumann, PJ, Cohen, JT, and Weinstein, MC. Updating Cost-Effectiveness–the Curious Resilience of the $50,000-per-QALY Threshold. N Engl J Med (2014) 371(9):796–7. doi: 10.1056/NEJMp1405158

35. Hoyle, MW, and Henley, W. Improved Curve Fits to Summary Survival Data: Application to Economic Evaluation of Health Technologies. BMC Med Res Methodol (2011) 11:139. doi: 10.1186/1471-2288-11-139

36. Arias, E, and Xu, J. United States Life Tables, 2018. Natl Vital Stat Rep (2020) 69(12):1–45.

37. She, L, Hu, H, Liao, M, Xia, X, Shi, Y, Yao, L, et al. Cost-Effectiveness Analysis of Pembrolizumab Versus Chemotherapy as First-Line Treatment in Locally Advanced or Metastatic non-Small Cell Lung Cancer With PD-L1 Tumor Proportion Score 1% or Greater. Lung Cancer (2019) 138:88–94. doi: 10.1016/j.lungcan.2019.10.017

38. Sheehan, DF, Criss, SD, Chen, Y, Eckel, A, Palazzo, L, Tramontano, AC, et al. Lung Cancer Costs by Treatment Strategy and Phase of Care Among Patients Enrolled in Medicare. Cancer Med (2019) 8(1):94–103. doi: 10.1002/cam4.1896

39. US Department of Labor. Calculators. Available at: http://www.bls.gov/data/#calculators (Accessed December 27, 2020).

40. First DataBank Inc. Analy$Ource Online: The Online Resource for Drug Pricing and Deal Information (2020). Available at: https://www.analysource.com.

41. Curtiss, FR, Lettrich, P, and Fairman, KA. What is the Price Benchmark to Replace Average Wholesale Price (AWP)? J Managed Care Pharm JMCP (2010) 16(7):492–501. doi: 10.18553/jmcp.2010.16.7.492

42. Caldwell, D. Decision Modelling for Health Economic Evaluation. A Briggs, M Sculpher, K Claxton. Int J Epidemiol (2007) 36(2):476–7. doi: 10.1093/ije/dym062%JInternationalJournalofEpidemiology

43. Benner, JS, Smith, TW, Klingman, D, Tierce, JC, Mullins, CD, Pethick, N, et al. Cost-Effectiveness of Rosuvastatin Compared With Other Statins From a Managed Care Perspective. Value Health J Int Soc Pharmacoecon Outcomes Res (2005) 8(6):618–28. doi: 10.1111/j.1524-4733.2005.00055.x

44. Duong, H, and Bajaj, T. Lovastatin. Treasure Island (FL: StatPearls (2020).

45. Yuan, G, Al-Shali, KZ, and Hegele, RA. Hypertriglyceridemia: its Etiology, Effects and Treatment. CMAJ (2007) 176(8):1113–20. doi: 10.1503/cmaj.060963

46. Sidhu, G, and Tripp, J. Fenofibrate. Treasure Island (FL: StatPearls (2020).

47. Wong, W, Yim, YM, Kim, A, Cloutier, M, Gauthier-Loiselle, M, Gagnon-Sanschagrin, P, et al. Assessment of Costs Associated With Adverse Events in Patients With Cancer. PloS One (2018) 13(4):e0196007. doi: 10.1371/journal.pone.0196007

48. Lin, S, Luo, S, Zhong, L, Lai, S, Zeng, D, Rao, X, et al. Cost-Effectiveness of Atezolizumab Plus Chemotherapy for Advanced Non-Small-Cell Lung Cancer. Int J Clin Pharm (2020) 42(4):1175–83. doi: 10.1007/s11096-020-01076-3

49. Carlson, JJ, Suh, K, Orfanos, P, and Wong, W. Cost Effectiveness of Alectinib vs. Crizotinib in First-Line Anaplastic Lymphoma Kinase-Positive Advanced non-Small-Cell Lung Cancer. Pharmacoeconomics (2018) 36(4):495–504. doi: 10.1007/s40273-018-0625-6

50. Aguiar, PN Jr., Haaland, B, Park, W, San Tan, P, Del Giglio, A, and de Lima Lopes, G Jr. Cost-Effectiveness of Osimertinib in the First-Line Treatment of Patients With EGFR-Mutated Advanced Non-Small Cell Lung Cancer. JAMA Oncol (2018) 4(8):1080–4. doi: 10.1001/jamaoncol.2018.1395

51. Savage, P, and Mahmoud, S. Development and Economic Trends in Cancer Therapeutic Drugs: A 5-Year Update 2010-2014. Br J Cancer (2015) 112(6):1037–41. doi: 10.1038/bjc.2015.56

52. Mailankody, S, and Prasad, V. Five Years of Cancer Drug Approvals: Innovation, Efficacy, and Costs. JAMA Oncol (2015) 1(4):539–40. doi: 10.1001/jamaoncol.2015.0373

53. Djalalov, S, Beca, J, Hoch, JS, Krahn, M, Tsao, MS, Cutz, JC, et al. Cost Effectiveness of EML4-ALK Fusion Testing and First-Line Crizotinib Treatment for Patients With Advanced ALK-Positive non-Small-Cell Lung Cancer. J Clin Oncol (2014) 32(10):1012–9. doi: 10.1200/JCO.2013.53.1186

54.Lorlatinib Outperforms Crizotinib in NSCLC. Cancer Discov (2020). doi: 10.1158/2159-8290.CD-NB2020-110

55. Prasad, V, De Jesus, K, and Mailankody, S. The High Price of Anticancer Drugs: Origins, Implications, Barriers, Solutions. Nat Rev Clin Oncol (2017) 14(6):381–90. doi: 10.1038/nrclinonc.2017.31

56. Dyer, O. US Drug Prices Should be Tied to Foreign Prices to Tackle “Global Freeloading,” Says Trump. BMJ (Clinical Res ed) (2018) 363:k4542. doi: 10.1136/bmj.k4542

57. Earle, CC, Coyle, D, and Evans, WK. Cost-Effectiveness Analysis in Oncology. Ann Oncol (1998) 9(5):475–82. doi: 10.1023/a:1008292128615

58. Yorio, JT, Xie, Y, Yan, J, and Gerber, DE. Lung Cancer Diagnostic and Treatment Intervals in the United States: A Health Care Disparity? J Thorac Oncol (2009) 4(11):1322–30. doi: 10.1097/JTO.0b013e3181bbb130

59. Sullivan, SD, Mauskopf, JA, Augustovski, F, Jaime Caro, J, Lee, KM, Minchin, M, et al. Budget Impact Analysis-Principles of Good Practice: Report of the ISPOR 2012 Budget Impact Analysis Good Practice II Task Force. Value Health J Int Soc Pharmacoecon Outcomes Res (2014) 17(1):5–14. doi: 10.1016/j.jval.2013.08.2291

60. Wu, B, and Lu, S. The Effect of PD-L1 Categories-Directed Pembrolizumab Plus Chemotherapy for Newly Diagnosed Metastatic Non-Small-Cell Lung Cancer: A Cost-Effectiveness Analysis. Transl Lung Cancer Res (2020) 9(5):1770–84. doi: 10.21037/tlcr-19-605



Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Copyright © 2021 Li, Li, Peng, Li and Wan. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fonc.2021.684073_cover.jpg
’ frontiers
in Oncology

Cost-Effectiveness of Lorlatinib as a
First-Line Therapy for Untreated
Advanced Anaplastic Lymphoma
Kinase-Positive Non-Small
Cell Lung Cancer





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Cost-Effectiveness of Lorlatinib as a First-Line Therapy for Untreated Advanced Anaplastic Lymphoma Kinase-Positive Non-Small Cell Lung Cancer

      

        		

          Introduction

        



        		

          Materials and Methods

        



        		

          Results

        



        		

          Conclusions

        



        		

          Highlights

        



        		

          Introduction

        



        		

          Materials and Methods

        

          		

            Analytical Overview

          



          		

            Clinical Data Inputs

          



          		

            Cost and Utility Input

          



          		

            Analysis

          



        



        



        		

          Results

        

          		

            Base Case Results

          



          		

            Sensitivity and Scenario Analysis

          



        



        



        		

          Discussion

        



        		

          Conclusion

        



        		

          Data Availability Statement

        



        		

          Author Contributions

        



        		

          Funding

        



        		

          Acknowledgments

        



        		

          Supplementary Material

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fonc-11-684073-g004.jpg
09

ity

07

—Loriatiniy
—crzotint

H
3
£
£
[
£
g
g
oA
g
8

W @ w0 20 a0 w0 @
Willingness to Pay ($/QALY x1,000)





OEBPS/Images/table2.jpg
Results Lorlatinib Crizotinib ICER

Total cost of regimen, $ 909,758 616,230

Life-years 6.25 5.45

QALYs 4.81 4.09
Per LY 368,211
Per QALY 409,667

ICER, incremental cost-effectiveness ratio; LY, life year; QALYSs, quality-adjusted life years.





OEBPS/Images/fonc-11-684073-g002.jpg
PETo iy





OEBPS/Images/logo.jpg
’ frontiers
in Oncology





OEBPS/Images/M1.jpg





OEBPS/Images/fonc-11-684073-g001.jpg





OEBPS/Images/table1.jpg
Variable

Lorlatinib: Survival model
0os

PFS

PFS of no CNS Progression
Crizotinib: Survival model

0s

PFS
PFS of no CNS Progression

Drug costs, per unit, (AWP-16%) $
Lorlatinib, PO (100 mg)
Crizotinib, PO (250 mg)
Fenofibrate, PO (145 mg)
Lovastatin, PO (20 mg)

Support care costs, per week, $
CNS metastases
No CNS metastases

Quality-of-life (utility)

Progression free
Progression, second-line treated
Progression, best support care for CNS metastases

Lorlatinib: Incidence of AEs (%)
Hypercholesterolemia
Hypertriglyceridemia
Edema
Hypertension

Crizotinib: Incidence of AEs (%)
Hypercholesterolemia
Hypertriglyceridemia
Edema
Hypertension

AEs cost, $
Hypercholesterolemia
Hypertriglyceridemia
Edema
Hypertension

Discount rate

Subsequent therapy costs, $
Lorlatinib
Crizotinib

CT per cycle

Laboratory

Range
Baseline value Minimum Maximum Distribution Reference
A =-0.01968357 Lognormal Estimated (28)
-1.610781
A =0.008886453 Exponential Estimated (28)
A =0.002070717 Exponential Estimated (28)
Lognormal Estimated (28)
Lognormal Estimated (28)
-2.117526
-0.05653277 Lognormal Estimated (28)
v=-6.477169
566 453 680 Gamma (40, 41)
257 206 308 Gamma (40, 41)
1.39 1.12 1.67 Gamma (40, 41)
0.24 0.19 0.29 Gamma (40, 41)
3,538 2,830.4 4,245.6 Normal Adjusted (42)
824.7 659.76 989.64 Normal Adjusted (42)
0.81 0.79 0.84 Beta (42)
072 0.70 0.75 Beta (42)
0.47 0.38 0.57 Beta (42)
15 12 18 Beta ©8)
20 16 24 Beta ©8)
4 32 48 Beta ©8)
10 8 12 Beta (©8)
0 Beta (28)
0 Beta (28)
1 0.8 12 Beta ©8)
0 Beta (28)
8.12 6.496 9.744 Gamma (40, 43, 44)
46.48 43.23 49.73 Gamma (40, 45, 46)
2,623.65 2,098.92 3,148.38 Gamma Adjusted (47)
9,410 7,528 11,292 Gamma (48)
3 0 5 Uniform
4,641 3,712.8 5,569.2 Gamma Adijusted (28, 38)
4,681 3,744.8 5617.2 Gamma Adjusted (28, 38)
158 126.4 189.6 Gamma Adjusted (37)
215 372 258 Gamma Adjusted (37)

OS, Overall survival: PFS, Progression-free survival: CNS, Central nervous system; AWP, Average wholesale price; AEs, Adverse events.





OEBPS/Images/fonc-11-684073-g003.jpg
AR LT RILY.

™

20 w0 a0 s &0
‘Willingness to Pay ($/QALYx1,000)

—Lovitint
—





