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Abbreviations 

AE Adverse event 
AIC Akaike Information Criterion 
ALK Anaplastic lymphoma kinase 
ALKI Anaplastic lymphoma kinase inhibitor 
ASCO American Society of Clinical Oncology 
BIC Bayesian Information Criterion 
BID Twice-daily 
CCO Cancer Care Ontario 
CNS Central nervous system 
CRD Centre for Reviews and Dissemination 
CEA Cost-effectiveness analysis 
CUA Cost-utility analysis 
DSA Deterministic sensitivity analyses 
EGFR Epidermal growth factor receptor 
EQ-5D EuroQoL Five Dimensions Questionnaire 
GRADE Grading of Recommendations, Assessment, Development and 

Evaluation 
HC Historical control 
HRQoL Health-related quality of life 
IC Intra cranial 
ICER Incremental cost-effectiveness ratio 
IRC Independent review committee 
LY(G) Life-Year (Gained) 
NCCN National Comprehensive Cancer Network 
NSCLC Non-small cell lung cancer 
OMHLTC Ontario Ministry of Health and Long-Term Care 
OS Overall survival 
PEBC Program in Evidence-Based Care 
PSA Probabilistic sensitivity analyses 
PFS Progression-free survival 
PF/SD Progression-free/stable disease 
PP/PD Post-progression/progressive disease 
QD Once-daily 
TKI Tyrosine kinase inhibitors 
RCT randomized controlled trial 
RoB Risk of Bias 
QALY Quality-adjusted life year 
WTP Willingness-to-pay 

Context and Policy Issues 

Lung cancer is associated with the highest incidence and cancer-related mortality 

worldwide, with non-small cell lung cancer (NSCLC) being the most frequent type.1 Patients 

with advanced or metastasized NSCLC have a poor prognosis, with 5-year survival post-

diagnosis less than 5%, and typical survival being 8 to 10 months.1 A small group of people 

with NSCLC (3% to 5%) have a rare genetic rearrangement in the anaplastic lymphoma 

kinase (ALK) gene, resulting in a novel fusion oncogene EML4-ALK that, in turn, leads to 

constitutive expression of intracellular signaling pathway that promotes tumour growth and 

survival.1,2 Patients with ALK-positive NSCLC have distinct clinicopathologic features such 

as adenocarcinoma with signet ring or acinar histology and it is typically seen in those with 

a relatively young age, and who are never or light smokers.2 Additionally, patients with the 

following clinicopathologic features have a progressively higher likelihood of ALK 

rearrangement: those with clinical features commonly associated with epidermal growth 

factor receptor (EGFR) mutation (13%), patients with EGFR mutation who are never or light 
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smokers (22%), and patients without EGFR mutation who are never or light smokers 

(33%).2  

ALK tyrosine kinase inhibitors (TKIs), herein referred to as ALKIs, are a group of targeted 

therapies for patients with ALK-positive NSCLC. Treatment with ALKIs is generally limited 

to patients with ALK rearrangement confirmed with molecular or histological tests.2 

Crizotinib was the first-generation ALKI, and was used as the first-line therapy in the past in 

ALK-positive NSCLC patients.3 However, most people eventually develop resistance, 

primarily progressing in the central nervous system (CNS), resulting from poor drug 

penetration into the brain. Because brain metastases are seen in approximately 30% to 

40% of those with advanced ALK-positive NSCLC, the intracranial (IC) activity of ALKIs is 

important to consider. Ceritinib, a second-generation ALKI, was first approved in the 

second-line setting, but has since received approval as a first-line therapy. Ceritinib has 

been shown to have activity against IC disease, particularly compared with crizotinib.3 

Alectinib is another second-generation ALKI that was approved for first-line use, with 

favorable clinical and safety profile compared with crizotinib.3  

In addition to first-line settings, alectinib and ceritinib have been found to be efficacious as 

second-line treatments in patients who developed resistance or had disease progression 

after crizotinib.3 Brigatinib is one of the newer ALKIs that has received approval for 

crizotinib-refractory ALK-positive NSCLC, with trials underway comparing its benefits 

against crizotinib and following alectinib and ceritinib failure. Additional ALKIs are awaiting 

regulatory approval for third or subsequent-line treatment, lorlatinib being the most 

prominent one.3  

Despite the availability of direct and indirect evidence comparing the clinical effectiveness 

of different ALKIs, comparative cost-effectiveness of these TKIs is relatively less 

established, particularly in the first- and second-line settings. In addition, local and 

international jurisdictions can benefit from evidence-based guidelines outlining the 

sequence of ALKIs at different stages of cancer. This report was undertaken to examine the 

current evidence surrounding the comparative cost-effectiveness of first-line ALKIs among 

patients naive to previous ALK treatment (ALK-naive) as well as second-line ALKIs among 

patients who have been pretreated with  other ALKIs and had disease progression (ALK-

pretreated). Evidence-based guidelines informing the sequence of ALKIs in both settings 

were also investigated. 

Research Questions 

1. What is the comparative cost-effectiveness of Anaplastic Lymphoma Kinase (ALK) 

inhibitors as the first-line therapy for patients with non-resectable Non-Small Cell Lung 

Cancer (NSCLC)? 

2. What is the cost-effectiveness of Anaplastic Lymphoma Kinase (ALK) inhibitors in 

patients with non-resectable Non-Small Lung Cancer (NSCLC) who disease has 

progressed on one or more ALK inhibitors during previous treatment?  

3. What are the evidence-based guidelines informing the use of Anaplastic Lymphoma 

Kinase (ALK) inhibitors in patients with non-resectable Non-Small Cell Lung Cancer 

(NSCLC)? 
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Key Findings 

A total of four economic evaluations and two clinical practice guidelines were included in 

this review, all were conducted well overall. One economic evaluation study and guideline 

were done in Canada, the remaining in the US. 

Findings from the economic evaluations indicated that alectinib and ceritinib were more 

cost-effective first-line treatments than crizotinib among patients without prior exposure to 

ALK-inhibitors. Among patients who were previously treated and had disease progression 

with crizotinib, alectinib was found to be more cost-effective compared with ceritinib, and 

ceritinib was more cost-effective compared with a number of treatment alternatives. In all 

instances, the incremental cost effectiveness ratio showed improved quality-adjusted life 

years with the more cost-effectiveness treatment option, a finding consistent at different 

willingness-to-pay thresholds.   

The included guidelines reported similar findings. Alectinib, ceritinib, and crizotinib are all 

recommended as the first-line treatment; however, alectinib is the preferred option among 

the three. Subsequent therapy may vary depending primarily on previous treatment; 

alectinib, ceritinib, or brigatinib are all recommended for patients who have been previously 

treated with crizotinib. For patients who have progressed on alectinib or ceritinib, 

subsequent therapy may include local therapy, cytotoxic chemotherapy, or continuation with 

other ALK-inhibitors. Above all, the guidelines state that clinical judgement and tolerability 

should be considered when determining the treatment sequence.  

Methods 

Literature Search Methods 

A limited literature search was conducted on key resources including PubMed, the 

Cochrane Library, University of York Centre for Reviews and Dissemination (CRD) 

databases, Canadian and major international health technology agencies, as well as a 

focused Internet search. Methodological filters were applied to limit the retrieval to health 

technology assessments, systematic reviews, and meta-analyses, randomized controlled 

trials, economic studies, and guidelines. Where possible, retrieval was limited to the human 

population. The search was also limited to English language documents published between 

January 1, 2013 and October 5, 2018. 

Selection Criteria and Methods 

One reviewer screened citations and selected studies. In the first level of screening, titles 

and abstracts were reviewed and potentially relevant articles were retrieved and assessed 

for inclusion. The final selection of full-text articles was based on the inclusion criteria 

presented in Table 1. 
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Table 1:  Selection Criteria 

Population Q1 & Q3: Adult patients with non-resectable, ALK-positive NSCLC who have not previously been treated 
with an ALK inhibitor (failure with chemotherapy and have not been treated with an ALK inhibitor) 
Q2 & Q3: Adult patients with non-resectable, ALK-positive NSCLC who disease has progressed on one or 
more ALK inhibitors. 

Intervention ALK Inhibitors (entrectinib, ceritinib, crizotinib, lorlatinib, alectinib, and brigatinib) 

Comparator Q1: Other ALK inhibitors 
Q2: Placebo, chemotherapy, immunotherapy, other ALK inhibitors or no comparator 
Q3: N/A 

Outcomes Q1 & Q2: Cost-effectiveness (e.g. ICER, cost/QALY) 

Study Designs Economic Evaluations, Guidelines 

ALK = anaplastic lymphoma kinase; ICER = incremental cost-effectiveness ratio; N/A = not applicable; NSCLC = non-small cell lung cancer; QALY = quality-adjusted life 

year 

Exclusion Criteria 

Articles were excluded if they did not meet the selection criteria outlined in Table 1, they 

were duplicate publications, or were published prior to 2016 (to align with the clinical-

effectiveness report.4 Guidelines were excluded if a more recent and updated version was 

available. Excluded publications that may be of interest are included in Appendix 5. 

Critical Appraisal of Individual Studies 

All studies were critically appraised by one reviewer. The included economic evaluations 

were critically appraised using the Drummond checklist5 and guidelines were critically 

appraised using the AGREE II tool.6 Summary scores were not calculated for the included 

studies; rather, a review of the strengths and limitations of each included study were 

described narratively. 

Summary of Evidence 

Quantity of Research Available 

A total of 279 citations were identified in the literature search. Following screening of title 

and abstracts, 269 citations were excluded and 10 potentially relevant reports from the 

electronic search were retrieved for full-text review. In addition, 18 potentially relevant 

publications were retrieved from the grey literature search for full text review. Of these 

potentially relevant articles, 22 publications were excluded for various reasons, and six 

publications met the inclusion criteria and were included in this report. These comprised 

four economic evaluations7-10 and two clinical practice guidelines.11,12 Appendix 1 presents 

the PRISMA13
 flowchart of the study selection. 

Summary of Study Characteristics 

Study Design 

Additional details regarding the characteristics of included publications are provided in 

Appendix 2. 
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A total of four economic evaluations were included.7-10 Two studies evaluated the cost-

effectiveness of ALK-inhibitors in first-line setting.10 The remaining two studies compared 

ALK-inhibitors as a second-line treatment among patients who were pretreated with 

crizotinib.7,9 

All four studies used Markov models with cost-utility analysis (CUA), using partition survival 

method and three mutually exclusive health states: progression-free/stable disease 

(PF/SD), post-progression/progressive disease (PP/PD), and death. With this method, the 

distribution of patients across different health states over time is estimated, using area 

under the clinical endpoint curve.  

A lifetime time horizon was applied in all studies; although the Zhou et al. study10 and the 

Hurry et al. study9 considered 20-years and 4-years as lifetime time horizon, respectively, 

whereas neither of the studies by Carlson et al. reported this information.7,8 The Hurry et al. 

study conducted the analysis from a Canadian public healthcare perspective and applied a 

5% annual discount rate;9 whereas the remaining three studies were based on a US third-

party payer’s perspective and discounted at 3% annually.7,8,10 A 1-month cycle length was 

applied in three studies,8-10 with the exception of Carlson et al. which used weekly cycles.7  

Clinical efficacy inputs (progression-free survival and overall survival) for the drugs of 

interest were derived from key clinical trials and retrospective cohort studies in relevant 

clinical settings. In order to extrapolate data beyond the trial period, a number of parametric 

survival functions (including exponential, Weibull, Gompertz, log-logistic, and log-normal 

models) were applied; functions selected for the base case were based on the relative 

goodness-of-fit criteria (AIC, BIC), visual fit, and expert opinion on the clinical plausibility of 

predicted long-term outcomes. Utilities for health states and disutilities for AEs (where 

applicable) were based on EuroQoL Five Dimensions Questionnaire (EQ-5D) and derived 

from a combination of trial data and the literature in the four included studies.  Costs 

associated with adverse events (AEs) were included in all but Carlson et al.,7 and data 

sources were published studies and databases. 

The sources of cost inputs were obtained from publicly available databases and the 

literature, and inflated to 2014,9 2016,8,10 or 20177 US or Canadian dollars, depending on 

the year of the publication and context of the economic analyses. Costs incorporated in the 

analyses varied by study, and included different combinations of the following by health 

state: drug acquisition, drug therapy, treatment administration, monitoring, AEs 

management, supportive care (e.g. radiation costs), resource use (e.g. hospital costs), 

progression-related costs (e.g. medical and post-progression treatment costs), and terminal 

care costs.  

To address model uncertainty, a number of sensitivity and scenario analyses were 

performed in all four studies.7-10 With probabilistic sensitivity analyses (PSA), the probability 

of the ALK-inhibitors to be cost-effective compared to comparator arms was estimated 

based on the different willingness-to-pay thresholds by performing 1000 to 5000 Monte-

Carlo simulations and randomly drawing model inputs from the specified distributions at 

each iteration. Deterministic sensitivity analyses (DSA), also known as one-way sensitivity 

analyses, were conducted by varying one model parameter or assumption at a time and the 

main model drivers were identified. Scenario analyses varied by studies and notably 

included one or both of the following: using utility data of one health state to another, 

varying efficacy inputs, and varying parametric functions for curve fit. 
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Two clinical practice guidelines were identified that sought to make recommendations 

regarding the most effective treatment strategy for NSCLC, one published by the National 

Comprehensive Cancer Network (NCCN),11 a not-for-profit alliance in the US; and the other 

by the Program in Evidence-Based Care (PEBC), a provincial initiative of Cancer Care 

Ontario (CCO) and supported by the Ontario Ministry of Health and Long-Term Care 

(OMHLTC).12  

The NCCN guideline11 is published as a series of guidelines detailing the sequential 

management decisions and interventions for most forms of cancer, including NSCLC. A 

multidisciplinary group of clinicians and oncology researchers across NCCN member 

institutions is involved in the development and continual update of the guideline, through 

systematic update and critical review of the current literature that culminates into derivation 

of the best practice recommendations through consensus and voting.  

The PEBC guideline12 was based primarily on the American Society of Clinical Oncology 

(ASCO) guideline to inform the recommendation, supplemented by an updated literature 

search for RCTs and conference proceedings. The PEBC guideline was developed using 

the AGREE II framework;6 the quality of the individual studies and of aggregate evidence 

were assessed using the Cochrane Risk of Bias (RoB) tool and the Grading of 

Recommendations, Assessment, Development and Evaluations (GRADE) method, 

respectively. A combination of internal and external review was undertaken; peer review, 

voting, and external feedback were used for guideline development.  

Country of Origin 

Of the economic evaluations, three were undertaken in the US7,8,10 and one was done in 

Canada.9 

The NCCN guideline was developed by the member institutions in the US; however, there 

was no indication if the guideline was not applicable in other countries. The PEBC guideline 

was primarily aimed at Canadian clinicians (Ontarians) with expertise in advanced NSCLC. 

Patient Population 

All four economic evaluations were conducted in adult patients with confirmed ALK-positive 

NSCLC; two of these included patients who were ALK-naive,7,10 whereas patients in the 

remaining two studies were ALK-pretreated.8,9  

The target population of the PEBC guideline included adult and elderly patients with 

advanced NSCLC (stage IV and stage III B not amenable to curative treatment approaches) 

who are candidates for systemic therapy; whereas the NCCN guideline included all types 

and stages of NSCLC patients. 

Interventions and Comparators 

The two economic studies on ALK-naive patients compared alectinib versus crizotinib7 and 

ceritinib versus crizotinib10. The two remaining studies with ALK-pretreated patients 

assessed the comparative cost-effectiveness between alectinib and ceritinib8 and between 

ceritinib and alternatives (consisted of best supportive care, pemetrexed monotherapy, and 

an additional comparator accounting for all non-ceritinib treatments termed as historical 

control) among patients following treatment and progression with crizotinib.9   

The NCCN11 and PEBC12 guidelines included all available treatments and systemic 

treatment options, respectively, for the management of advanced NSCLC, of which 
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information pertaining to ALK-inhibitors as first and second-line treatment were discussed in 

this report. 

Outcomes 

The economic evaluations7-10 reported incremental cost-effectiveness ratio (ICER) using 

cost (USD or CAD) per life-years (LYs) gained, and cost per quality-adjusted life-years 

(QALYs) gained. 

Summary of Critical Appraisal 

The economic evaluations7-10 included in this report were generally conducted well with 

methodologies suitable for the respective context and decision problem. Notable strengths 

in all four studies included clearly stated research question, perspective, and time horizon; 

appropriately chosen partitioned survival model since this method is commonly used to 

model cancer and captures the progressive nature of the disease; relevant and justified 

source data for clinical, utilities and cost inputs; costs corrected for inflation using reliable 

sources; valid method for data extrapolation; clearly described method for estimation of 

medical, non-medical, and health system costs; outcomes were reported in disaggregated 

and aggregated form along with incremental analysis; and a varied range of sensitivity and 

scenario analyses to assess model assumptions.  

The economic evaluations had a few notable limitations. The studies used weekly7 or 

monthly cycles8-10 without any rationale for choosing the cycle length and its impact on 

data. The studies applied a discount rate ranging from 3% to 5%,7-10 which even though is 

generally acceptable, is much higher than the CADTH recommended 1.5%.14 Finally, the 

types of costs incorporated in the model varied across the studies, which may limit the 

generalizability of the findings. 

The NCCN11 and PEBC12 guidelines were done with high methodological rigour overall. 

Common strengths included well-defined objective, target population and setting, wide-

ranging internal and external stakeholder involvement, generally rigorous process for 

evidence synthesis and development of recommendations, clearly presented 

recommendations, and appeared to have no or minimal influence from funding sources. 

Notable limitations included a lack of considerations for the implementation of the 

recommendations, although this was not within the scope of either guideline. The PEBC12 

guideline did not provide the strength of the evidence and associated recommendations. 

Summary of Findings 

Cost-Effectiveness of ALK-inhibitors as the first-line therapy for patients with non-
resectable NSCLC 

Alectinib versus crizotinib7 

In the base case, first-line alectinib was estimated to result in an increase of 0.87 QALY and 

a total cost of USD 34,151 compared with crizotinib, which translated into an ICER of USD 

37,611/LY gained and USD 39,312/QALY. Alectinib was associated with an increased drug 

cost during the PF stage owing to the longer PFS time compared with crizotinib; the cost 

difference between the two treatments was minimal following progression. Additionally, 

alectinib resulted in a reduced non-drug related costs compared with crizotinib; driven 

primarily by its impact on delaying CNS progression. Using a willingness-to-pay threshold 

(WTP) of USD 100,000/QALY, alectinib was found to have a 64% probability of being cost-

effective. The resultant ICERs were consistently below a USD 150,000/QALY threshold 
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across the different sensitivity and scenario analyses, indicating the robustness of the 

model results. Drug costs and costs of care for CNS were the main drivers in the one-way 

sensitivity analysis.  

Ceritinib versus crizotinib10 

In the base case analysis, first-line ceritinib was associated with a gain of 0.55 in QALYs 

over crizotinib. This translated into a greater health benefit of ceritinib at less cost compared 

with crizotinib, with an ICER of USD 53,207/LY gained and USD 66,064/QALY. The authors 

noted that ceritinib dominated crizotinib by conferring greater health benefit at less cost 

particularly in the first two years following treatment initiation. The DSA results indicated 

that the ICER estimates of cost/QALY were robust in most scenarios, and 91.7% of the 

DSA tests for ceritinib and crizotinib were below a USD 150,000 WTP threshold. Key model 

drivers included drug and drug administration costs for initial treatment, and costs of post-

progression treatment. Findings from the PSA showed the average ICER for ceritinib 

versus crizotinib was USD 66,428/QALY, and ceritinib had a 76% probability of being cost-

effective at a WTP of USD 150,000/QALY.  

Cost-Effectiveness of ALK-inhibitors as the second-line therapy for ALK-
pretreated patients with non-resectable NSCLC 

Alectinib versus ceritinib8 

In the base case, treatment with alectinib resulted in an additional 0.44 QALYs, 0.72 LYs, 

and ICER of USD 31,180/QALY compared with ceritinib. PSA results predicted that 

alectinib had a 96% probability of being cost-effective at a WTP of $100,000/QALY. The 

primary drivers of the model were drug costs and utilities in the PF health state. In all 

scenario analyses performed, the cost per QALY was under USD 100,000.  

Ceritinib versus alternative treatments (BSC, pemetrexed, and HC)9 

In the base case, ceritinib was associated 0.86 QALYs and total direct costs of CAD 

89,740. This corresponded to CAD 149,117/QALY, CAD 80,100/QALY and CAD 

104,436/QALY in comparison with BSC, pemetrexed, and HC, respectively.  Results using 

PSA demonstrated that the probability of ceritinib being cost-effective at a WTP of CAD 

150,000 was 46.3%, 99%, and 94% compared with BSC, pemetrexed, and HC, 

respectively. Scenario analyses with different utilities provided consistent findings. The 

model was most sensitive to the cost of ceritinib until treatment discontinuation, unit cost of 

ceritinib, and dose intensity, unit cost of pemetrexed, time horizon, and parametric 

functions. 

Guidelines on the use of ALK-inhibitors in patients with NSCLC 

The NCCN11 panel recommends three agents – alectinib, ceritinib, and crizotinib as the 

first-line treatment for patients with ALK-positive metastatic NSCLC (category 1 evidence) 

based on three phase III RCTs. Findings from these trials showed that the three ALK-

inhibitors showed a varying range of clinical benefits (e.g. improved PFS, response rates, 

lung cancer symptoms, quality of life, and slowed disease progression or death, depending 

on the drug) regardless of brain metastases compared with the respective treatment 

alternatives, and demonstrated favorable or manageable AEs profile. Of these, alectinib 

was voted by the guideline panel as the preferred first-line treatment (category 1 evidence).  

For subsequent/second-line therapy, the choice of therapy may vary depending on previous 

treatment with targeted agents. The guideline states that for patients who progressed on or 
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were intolerant to first-line crizotinib, alectinib or ceritinib may be given (if not previously 

given); brigatinib can also be given provided no serious respiratory symptoms develop (all 

category 2A evidence). These recommendations are based on a number of phase I, II and 

III trials (Ou et al. 2016 and Shaw et al. 2016 for alectinib; ASCEND-1, ASCEND-2, and 

ASCEND-5 for ceritinib; and ALTA for brigatinib) that demonstrated the clinical 

effectiveness (high response rates, PFS) of alectinib, ceritinib, or brigatinib in patients 

refractory to crizotinib, as a monotherapy or compared with chemotherapy (with 

pemetrexed or docetaxel). The guideline stated that crizotinib was found to beneficial as a 

second-line therapy; however, in comparison with chemotherapy (PROFILE 1007), 

comparison with other ALK-inhibitors was not feasible since this was the first targeted TKI 

in its class. 

The PEBC12 guideline recommends crizotinib as the first-line treatment and chemotherapy 

or ceritinib as the second-line treatment among patients with confirmed ALK-positive 

NSCLC. At the time of publication of this guideline, alectinib was not approved or available 

on the market and the trial evaluating ceritinib in patients who were ALK-naive had not been 

published. 

Limitations 

The economic evaluations were associated with a few limitations. Firstly, all studies applied 

a Markov model in their analyses; however, a budget impact analysis (BIA) was not done in 

any of the included reports. Carlson et al.7 argued that a substantial impact to payers’ 

budget was unlikely, owing to the low prevalence of cases of ALK-positive advanced 

NSCLC and the similar total treatment costs among the drugs evaluated. Secondly, the 

lifetime treatment horizon applied in all studies was inconsistently defined, or the definition 

was not provided. The Hurry et al.9 study defined lifetime as 4-years, whereas Zhou et al.10 

used a 20-year timeframe. Given the low 5-year survival probability among patients with 

advanced NSCLC; a 20-year time horizon may not be applicable in this context and authors 

did not provide justification or context for the reasoning behind using the 20-year time 

horizon. All but one study was done from a third-party payers’ perspective in the US, 

potentially limiting the generalizability of the findings in the Canadian context resulting from 

the differences in the healthcare system between the two countries.  

The studies compared two or three specific interventions in line with the scope of the 

decision problem, and although a rationale was provided for choosing the respective 

interventions, no studies compared more than two ALK-inhibitors in either setting. 

Therefore, the comparative cost-effectiveness within a given study is limited to two ALK-

inhibitors.  

In all but one economic study, the models incorporated clinical inputs from separate trials, 

introducing potential heterogeneity in patient and study characteristics. One study used 

matching-adjusted indirect comparison to minimize cross-trial differences while 

acknowledging that residual systematic errors may not have been eliminated.10 Two other 

studies used a naive comparison between the interventions. Another factor of potential 

concern is the use of different sources for utility values across the studies, including trial 

data and published literature. These factors should be taken into account when drawing 

conclusions from these studies. 

Finally, evidence for newer ALKIs such as brigatinib, lorlatinib, and ensartinib was minimal 

or not found, limiting the treatment options to just the three aforementioned ALKIs. Two 
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guidelines met the inclusion criteria, of which the Canadian guideline was not up-to-date 

with newer evidence, and was aimed primarily at Ontario physicians.   

Conclusions and Implications for Decision or Policy Making 

A total of six relevant publications were included, which comprised four economic 

evaluations,7-10 and two clinical practice guidelines.11,12 The studies were well-conducted 

overall, with robust methodology; however, one economic evaluation9 and one guideline12 

were each done in Canada, both published in 2016, and therefore did not include 

information on newer ALKIs (e.g. brigatinib, lorlatinib, ensartinib). 

Findings from the economic evaluations indicated that alectinib and ceritinib were both cost-

effective compared with crizotinib as the first-line treatment. Among patients pretreated with 

crizotinib who had disease progression, alectinib was the more cost-effective second-line 

treatment when compared with ceritinib; and ceritinib was the more cost-effective treatment 

compared with chemotherapy, best supportive care, or other treatment alternatives except 

ALKIs. These findings are aligned with the recently published rapid review on the clinical 

effectiveness of ALKIs,4 since many of the trials used as evidence for clinical benefits were 

the sources of clinical inputs used in the economic evaluations included in this report.  

Recommendations from the guidelines reflect the findings from the clinical report4 as well; 

alectinib is the preferred choice for the first-line treatment, although ceritinib and crizotinib 

are also recommended with high levels of evidence. The choice for second-line treatment 

appears to be driven largely by previous treatment history. Alectinib or ceritinib are 

recommended for patients who progressed on crizotinib, whereas those who progress on 

alectinib or ceritinib may be given any systemic therapy or continuing with other ALKIs. 

A number of factors should be considered when evaluating the evidence presented in this 

report. The only study done in the Canadian context with a public healthcare perspective 

did not compare the cost-effectiveness between any ALKIs, rather between ceritinib and 

other systemic treatments. Comparisons between newer ALKIs were done in the US with a 

third-party payers’ perspective. It is possible that some types of costs may have been 

omitted in their modelling and therefore the results, especially costs related to healthcare 

services. Studies conducted in Canadian settings with appropriate assumptions and 

comparators would therefore reduce the uncertainties. Next, the sources for costs and 

utilities were provided in details in all studies; however, there were differences in calculating 

these values owing to the varying sources across the studies. Another area of between-

study heterogeneity included differences in sensitivity and scenario analyses used to 

evaluate the model assumptions and robustness, although the conclusions of incremental 

cost per QALYs were still cost-effective across a range of acceptable WTPs.  
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Appendix 1: Selection of Included Studies 
 
 
 

  

269 citations excluded 

10 potentially relevant articles retrieved 
for scrutiny (full text, if available) 

18 potentially relevant 
reports retrieved from 
other sources (grey 

literature, hand search) 

28 potentially relevant reports 

22 reports excluded: 
-irrelevant population (2) 
-irrelevant intervention or comparator (2) 
-irrelevant outcomes (1) 
-Guideline methodology (1) 
-Conference abstract (4) 
-Published before 2016 (3) 
-other (9) 

 

6 reports included in review 

279 citations identified from electronic 
literature search and screened 
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Appendix 2: Characteristics of Included Publications 

Table 2:  Characteristics of Included Economic Evaluations 

First 
Author, 
Publication 
Year, 
Country 

Type of 
Analysis, 
Time 
Horizon, 
Perspective 

Decision 
Problem 

Population 
Characteristics 

Intervention 
and 
Comparators  

Approach Clinical and 
Cost Data 
Used in 
Analysis 

Main 
Assumptions 

Carlson et 
al. 2018 
USA 

CEA (CUA), 
lifetime time 
horizon, 
US payer 
perspective 

To estimate 
the cost-
effectiveness 
of alectinib 
vs. crizotinib 
in treatment- 
naive 
patients with 
ALK-positive 
NSCLC 

Adult treatment-
naive patients 
with ALK-

positive NSCLC 

Alectinib vs. 
crizotinib 

Markov 
model, 
Partition 
survival 
method with 
3 health 
states: 
progression-
free, 
post-
progression, 
and death 

Clinical data 
PFS, OS 
 
Cost data 
Costs of 
drug 
therapyb and 
supportive 
carec 
(outpatient, 
radiation, 
physician, 
emergency 
department, 
inpatient 
costs), 
stratified 
by the 
presence or 
absence of 
CNS 
progression 

3% Discount 
Rate 
 
Weekly cycles 
used 
 
Costs in PF 
state 
calculated until 
disease 
progression or 
death 
 
Costs in PP 
state based on 
assumed 
second-line 
treatment 
pattern and 
similar to 
ceritinib 

Zhou et al. 
2018, USA 

CEA (CUA); 
lifetime (20-
year) time 
horizon, US 
third-party 
payer’s 
perspective 

To assess 
the cost-
effectiveness 
of first-line 
ceritinib vs 
crizotinib 
and 
chemotherap
y 
for ALK-
positive 
metastatic 
NSCLC 

Adult patients 
with previously 
untreated (with 
systemic 
anticancer 
therapy) ALK-
positive 
metastatic 
NSCLC 

Ceritinib 
(750mg QD) 
vs crizotinib 
(250mg BID) 
and platinum 
doublet with 
maintenancea 
 

Markov 
model, 
Partitioned 
survival 
model with 3 
health states 
(stable 
disease, 
progressive 
disease, and 
death) 

Clinical data 
PFS, OS 
 
Cost data 
Drugd  
 
Drug 
administratio
ne  
 
Monitoring 
costse 
 
Costs 
associated 
with 
management 
of AEsf 
 
 
 
Progression-
related 
costsg 

Patients 
assumed to be 
in 1 of the 3 
health states, 
death was the 
absorbing 
state 
 
3.0% annual 
discount rate 
 
1-month cycle 
length 
 
ALK testing 
assumed to be 
routinely 
performed and 
was not 
included as a 
cost 
component in 
the base case 
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First 
Author, 
Publication 
Year, 
Country 

Type of 
Analysis, 
Time 
Horizon, 
Perspective 

Decision 
Problem 

Population 
Characteristics 

Intervention 
and 
Comparators  

Approach Clinical and 
Cost Data 
Used in 
Analysis 

Main 
Assumptions 

 
Terminal 
care costsh 

 
 

Carlson et 
al. 2017 
USA  

CEA (CUA), 
lifetime time 
horizon, US 
payer 
perspective 

To estimate 
the clinical 
and 
economic 
impact of 
treatment 
with 
alectinib vs 
ceritinib 

Patients with 
ALK-positive 
NSCLC who 
were 
previously 
treated with 
crizotinib 

Alectinib vs 
ceritinib 

Markov 
model, 
Partition 
survival 
methods and 
3 health 
states: 
progression-
free, post-
progression, 
and death 

Costs 
associated 
with drugsb, 
AEsi, 
and 
supportive 
care (PF and 
PP health 
states)j 

3% annual 
discount rate 
 
1-month cycle 
length 
 
Patients 
receive 
treatment until 
progression or 
death  

Hurry et al. 
2016 
Canada 

CEA (CUA), 
lifetime (4 
years) time 
horizon, 
Canadian 
healthcare 
payer 
perspective 

To assess 
the cost-
effectiveness 
of ceritinib vs 
alternatives 
in patients 
with ALK-
positive 
NSCLC who 
discontinued 
treatment 
with 
crizotinib 

Patients with 
ALK-positive 
NSCLC who 
were 
previously 
treated with 
crizotinib 

Ceritinib vs 
pemetrexed, 
best 
supportive 
care, and 
historical 
control 

Markov 
model, 
Partitioned 
survival 
model with 3 
health states 
(stable 
disease, 
progressive 
disease, and 
death) 

Costs of 
drug 
acquisitionk, 
administratio
n, resource 
usel, AEsm, 
and terminal 
caren 

Cycle with an 
average of 
30.44 days 
 
5% annual 
discount rate 
 
Patients 
started 
treatment at 
age 53 
 
Patients in the 
stable state 
had not yet 
transitioned to 
the 
progressive 
state or death 
 
All patients 
were in the 
stable state at 
the start of the 
treatment 
 
Efficacy data 
for 
comparators 
inferred 
from the 
general 
NSCLC 
population and 
other reported 
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First 
Author, 
Publication 
Year, 
Country 

Type of 
Analysis, 
Time 
Horizon, 
Perspective 

Decision 
Problem 

Population 
Characteristics 

Intervention 
and 
Comparators  

Approach Clinical and 
Cost Data 
Used in 
Analysis 

Main 
Assumptions 

studies 
of the ALK-
positive 
population 
applicable to 
crizotinib-
pretreated 
ALK-positive 
NSCLC 
patients 
 
Health utilities 
depended on 
health 
states and 
treatment 
received 
 
No further 
treatment in 
the 
progressive 
disease state 
for 
comparators, 
based on the 
number of 
systemic 
treatments 
patients 
received post-
discontinuation 
of crizotinib 

AE = adverse event; ALK = anaplastic lymphoma kinase; BID = twice daily; CEA = cost-effectiveness analysis, CNS = central nervous system; CUA = cost-utility analysis; 

NSCLC = non-small cell lung cancer; OS = overall survival; PFS = progression-free survival; PF = progression free; PP = post-progression; QD = once-daily 

a Platinum doublet [pemetrexed+cisplatin or pemetrexed+carboplatin] followed by pemetrexed maintenance therapy 
b Obtained from Analy$ource 
c Obtained from Guerin et al. 
d Wholesale acquisition cost, obtained from ReadyPrice; dosing schedule obtained from the FDA drug labels 
e CMS Physician Fee Schedule 
f Obtained from Elting and Shih et al., Healthcare Cost and Utilization Project or assumptions 
g Obtained from Fox et al. 
h Obtained from Chastek et al. 
i Physician fee schedule and acute inpatient prospective payment system. Baltimore, MD: Center for Medicare and Medicaid Services 2007. 
j Physician fee schedule from Centers for Medicare & Medicaid Services and Mariotto et al. 

k Ceritinib cost estimated from ASCEND-1 trial, Pemetrexed cost obtained from regimen monographs from Cancer Care Ontario, Historical control retrieved from DeltaPA 
l Ontario Schedule of Benefits for Physician and laboratory services 
m A combination of publications and Ontario Case Costing Initiative for inpatient and ambulatory care 
n Obtained from Hollander et al. 
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Table 3:  Characteristics of Included Guidelines 

Intended 
Users, 
Target 
Population 

Intervention 
and Practice 
Considered 

Major 
Outcomes 
Considered 

Evidence 
Collection, 
Selection, 
and 
Synthesis 

Evidence 
Quality 
Assessment 

Recommendations 
Development and 
Evaluation 

Guideline 
Validation 

NCCN Guideline, 201811 

Intended 
users: 

Physicians, 
nurses, 
pharmacists, 
payers, 
patients and 
their families, 
and many 
others 
 
Target 
population: 

Patients with 
NSCLC 

All available 
treatment 
options for 
NSCLC 

Not specified, 
efficacy of 
treatment, 
utility of tests 
or evaluations, 
and toxicity of 
the various 
interventions 
considered 

Systematic and 
critical review 
of the current 
literature, 
content 
developed by 
internal review 
team  

No specific tool 
used, panel 
discussion 
consisted of 
evaluation of 
level of 
evidence and 
degree of 
consensus 

Expert panel 
deliberation of current 
evidence, 
recommendations 
derived through 
consensus and voting 

Guideline was 
developed with 
public 
consultation 
and external 
specialist 
review 

PEBC CCO Guideline, 201612 

Intended 
Users: 

Oncologists 
 
Target 
population: 

Adult and 
elderly patients 
with advanced 
NSCLCa who 

are candidates 
for systemic 
therapy 

All systemic 
treatment 
options for 
Advanced 
NSCLC 

OS, PFS, 
response rate, 
AEs 

Systematic 
review of the 
literature, 
interpretation 
of the 
evidence, 
internal review 
by content and 
methodology 
experts, and 
external review 
by Ontario 
clinicians and 
other 
stakeholders 

Cochrane Risk 
of Bias Tool, 
GRADE for 
AGREE II 
framework 

Consensus through 
internal review, 
external peer review 
from content experts 
and target users 
incorporated 

A peer review 
committee 
distributed the 
guideline to 
external 
clinician and 
patient for peer 
review and 
feedback 

AE = adverse event; AGREE = Appraisal of Guidelines, Research and Evaluation; ALK = anaplastic lymphoma kinase; CCO = Cancer Care Ontario; GRADE = Grading of 

Recommendations Assessment, Development and Evaluation; NCCN = National Comprehensive Cancer Network; NSCLC = non-small cell lung cancer; OS = overall 

survival; PEBC = Program in Evidence-Based Care; PFS = progression-free survival 

a Advanced disease was defined as stage IV and stage IIIB not amenable to curative treatment approaches 
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Appendix 3: Critical Appraisal of Included Publications 

Table 4:  Strengths and Limitations of Economic Studies using the Drummond Checklist5 

Strengths Limitations 

Carlson et al., 20187 

Study design 

 The research question, its economic importance, the 
perspective of the analyses, and the rationale for choosing 
the interventions were stated 

 The comparator was clearly described and rationale 
provided 

 The form of economic evaluation was stated and justified in 
relation to the questions addressed 

 
Data collection 

 The source of clinical effectiveness data, description and 
results of the source study, extrapolation method for the 
total time horizon, primary outcomes measures, and utility 
values were provided  

 The study included drug and supportive care cost, which 
was justified since the perspective was from a US third 
party payer 

 Methods for the estimation of quantities and unit costs were 
described 

 Currency and price data were recorded, details of price 
adjustments for inflation were given 

 Details of the Markov model was provided, including key 
parameters of the model 

 
Analysis and interpretation of results 

 The time horizon for costs and benefits was stated, and 
accounted for the lifetime of the patients following diagnosis 

 The discount rate was stated 

 Details of statistical tests were provided, incremental 
analysis was reported 

 A number of sensitivity and scenario analyses were 
performed to test the robustness of the model assumptions, 
including evaluating the cost-effectiveness at different WTP 
thresholds 

 Major outcomes were presented in both disaggregated and 
aggregated form 

 The answer to the study question was given, conclusions 
were based on the data reported, and accompanied by the 
appropriate caveats 

Data collection 

 A 1-week cycle was applied in the model; while its impact in 
uncertain, the other included studies applied a 1-month 
cycle 

 Even though the study included relevant costs given the 
context and perspective, it did not cover other areas of 
costs including health care resources, non-medical costs 
such as costs of capital, operation, caregivers’ and 
individuals’ due to time lost from usual activity. The costs of 
AEs management were not included in the study, although 
the authors indicated low frequency of AEs as the reason 

 
Analysis and interpretation of results 

 The PSA included ranges based on 95% CI; however, 
results of the CI were not given for stochastic data 

 The authors of the study indicated incomplete follow-up in 
the source trial ALEX, particularly for OS, resulting from a 
limited number of events at the data cutpoint which 
increased the uncertainty in modeling long-term outcomes 

Zhou et al., 201810 

Study design 

 The research question, its economic importance, the 
perspective of the analyses, and the rationale for choosing 
the interventions were clearly stated 

 The comparators were clearly described and rationale 
provided 

 The form of economic evaluation was stated and justified in 

Analysis and interpretation of results 

 The authors indicated that the use of a matching-adjusted 
indirect comparison method in the absence of a head-to-
head trial between ceritinib and crizotinib, while allowing 
adjustment of the cross-trial differences in observed patient 
characteristics, may not have eliminated residual systematic 
errors arising from unobserved prognostic variables and 
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Strengths Limitations 

relation to the questions addressed 
 
Data collection 

 The sources of clinical effectiveness data, description and 
results of the source study, extrapolation method for the 
entire time horizon, primary outcomes measures, and utility 
values were provided  

 The study included a comprehensive list of medical and 
non-medical costs  

 Methods for the estimation of quantities and unit costs were 
described 

 Currency and price data were recorded, details of price 
adjustments for inflation were given 

 Details of the Markov model was provided, including key 
parameters of the model 

 
Analysis and interpretation of results 

 The time horizon for costs and benefits was stated, and 
accounted for the lifetime of the patients following diagnosis 

 The discount rate was stated 

 Details of statistical tests were provided, incremental 
analysis was reported 

 A number of sensitivity and scenario analyses were 
performed to test the robustness of the model assumptions, 
including evaluating the cost-effectiveness at different WTP 
thresholds 

 Major outcomes were presented in both disaggregated and 
aggregated form 

 The answer to the study question was given, conclusions 
were based on the data reported, and accompanied by the 
appropriate caveats 

effect modifiers 

 The PSA results for the CI were not given for stochastic 
data 

Carlson et al., 20178 

Study design 

 The research question, its economic importance, the 
perspective of the analyses, and the rationale for choosing 
the interventions were stated 

 The comparator was clearly described and rationale 
provided 

 The form of economic evaluation was stated and justified in 
relation to the questions addressed 

 
Data collection 

 The sources of clinical effectiveness data, description and 
results of the source study, extrapolation method for the 
total time horizon, primary outcomes measures, and utility 
values were provided  

 The study included a comprehensive list of medical and 
non-medical costs  

 Methods for the estimation of quantities and unit costs were 
described 

 Currency and price data were recorded, details of price 
adjustments for inflation were given 

 Details of the Markov model was provided, including key 

Data collection 

 Even though the study included relevant costs given the 
context and perspective, it did not cover other areas of 
costs including health care resources, non-medical costs 
such as costs of capital, operation, caregivers’ and 
individuals’ due to time lost from usual activity.  
 

Analysis and interpretation of results 

 The PSA included ranges based on 95% CI; however, 
results of the CI were not given for stochastic data 

 The use of a naive comparison between alectinib and 
ceritinib in the absence of a head-to-head trial may 
introduce limitations in the comparative cost-effectiveness 
results. However, authors argued such a comparison may 
still be informative since the patient populations and the 
clinical setting in which the agents are expected to be used 
were relatively similar. 
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Strengths Limitations 

parameters of the model 
 
Analysis and interpretation of results 

 The time horizon for costs and benefits was stated, and 
accounted for the lifetime of the patients following diagnosis 

 The discount rate was stated 

 Details of statistical tests were provided, incremental 
analysis was reported 

 A number of sensitivity and scenario analyses were 
performed to test the robustness of the model assumptions, 
including evaluating the cost-effectiveness at different WTP 
thresholds 

 Major outcomes were presented in both disaggregated and 
aggregated form 

 The answer to the study question was given, conclusions 
were based on the data reported, and accompanied by the 
appropriate caveats 

Hurry et al., 20169 

Study design 

 The research question, its economic importance, the 
perspective of the analyses, and the rationale for choosing 
the interventions were stated 

 The comparator was clearly described and rationale 
provided 

 The form of economic evaluation was stated and justified in 
relation to the questions addressed 

 
Data collection 

 The sources of clinical effectiveness data, description and 
results of the source study, extrapolation method for the 
total time horizon, primary outcomes measures, and utility 
values were provided  

 The study included a comprehensive list of medical and 
non-medical costs  

 Methods for the estimation of quantities and unit costs were 
described 

 Currency and price data were recorded, details of price 
adjustments for inflation were given 

 Details of the Markov model was provided, including key 
parameters of the model 

 
Analysis and interpretation of results 

 The time horizon for costs and benefits was stated, and 
accounted for the lifetime of the patients following diagnosis 

 The discount rate was stated 

 Details of statistical tests were provided, incremental 
analysis was reported 

 A number of sensitivity and scenario analyses were 
performed to test the robustness of the model assumptions, 
including evaluating the cost-effectiveness at different WTP 
thresholds 

 Major outcomes were presented in both disaggregated and 
aggregated form 

Analysis and interpretation of results 

 A discount rate of 5% was applied, which was much higher 
than the CADTH recommended discount rate of 1.5%. 
However, one-way sensitivity analyses by varying discount 
rate (0 to 6%) did not indicate to influence the results 

 The time horizon for the analyses was lifetime, set at 4 
years; although the authors argued the short survival period 
observed in ALK-positive NSCLC patients were reflective of 
the assumed shorter time horizon 

 The PSA included ranges based on 95% CI; however, 
results of the CI were not given for stochastic data 

 The use of a “naive-indirect” comparison between ceritinib 
and comparators in the absence of a head-to-head trial may 
introduce limitations in the comparative cost-effectiveness 
results. In particular, efficacy data for comparators were not 
entirely representative of the ceritinib population (second-
line and third-line), as they were derived from the general 
NSCLC population or ALK-positive NSCLC population with 

different lines of therapy. 

 Authors of the study assumed no additional treatment in the 
progressive disease state for comparators; however, the 
source trials indicated that some patients did receive further 
treatment following discontinuation of BSC, and 
pemetrexed. Therefore, costs associated with these 
treatment alternatives may be underestimated. 
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Strengths Limitations 

 The answer to the study question was given, conclusions 
were based on the data reported, and accompanied by the 
appropriate caveats 

AE = adverse event; ALK = anaplastic lymphoma kinase; CI = confidence interval; NSCLC = non-small cell lung cancer; OS = overall survival; PSA = probabilistic 

sensitivity analysis; WTP = willingness-to-pay 

Table 5:  Strengths and Limitations of Guidelines using AGREE II6 

Item 
Guideline 

NCCN Guideline, 201811 PEBC Guideline, 201612 

Domain 1: Scope and Purpose 

1. The overall objective(s) of the guideline is (are) specifically 
described. 

Yes Yes 

2. The health question(s) covered by the guideline is (are) 
specifically described. 

Yes Yes 

3. The population (patients, public, etc.) to whom the guideline is 
meant to apply is specifically described. 

Yes Yes 

Domain 2: Stakeholder Involvement 

4. The guideline development group includes individuals from all 
relevant professional groups. 

Yes Yes 

5. The views and preferences of the target population (patients, 
public, etc.) have been sought. 

Yes Yes, although the involvement 
of patients was not explicit 

6. The target users of the guideline are clearly defined. Yes Yes 

Domain 3: Rigour of Development 

7. Systematic methods were used to search for evidence. Yes Yes 

8. The criteria for selecting the evidence are clearly described. Yes Yes 

9. The strengths and limitations of the body of evidence are 
clearly described. 

Yes Not provided for the body of 
evidence supporting ALK-

inhibitors 

10. The methods for formulating the recommendations are 
clearly described. 

Yes Yes  

11. The health benefits, side effects, and risks have been 
considered in formulating the recommendations. 

Yes Not provided for the 
recommendations relevant to 

ALK-inhibitors 

12. There is an explicit link between the recommendations and 
the supporting evidence. 

Yes Unclear 

13. The guideline has been externally reviewed by experts prior 
to its publication. 

No; however, requests or 
discussion topics from external 
parties are incorporated into 
the discussion 

Yes 

14. A procedure for updating the guideline is provided. Yes Yes 

Domain 4: Clarity of Presentation 

15. The recommendations are specific and unambiguous. Yes Yes 
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Item 
Guideline 

NCCN Guideline, 201811 PEBC Guideline, 201612 

16. The different options for management of the condition or 
health issue are clearly presented. 

Yes Yes 

17. Key recommendations are easily identifiable. Yes Yes 

Domain 5: Applicability 

18. The guideline describes facilitators and barriers to its 
application. 

Not within the scope Yes 

19. The guideline provides advice and/or tools on how the 
recommendations can be put into practice. 

Not within the scope Unable to determine 

20. The potential resource implications of applying the 
recommendations have been considered. 

Not within the scope Yes 

21. The guideline presents monitoring and/or auditing criteria. Not within the scope Unable to determine 

Domain 6: Editorial Independence 

22. The views of the funding body have not influenced the 
content of the guideline. 

Yes Yes 

23. Competing interests of guideline development group 
members have been recorded and addressed. 

Yes Yes 

AGREE = Appraisal of Guidelines, Research and Evaluation; ALK = anaplastic lymphoma kinase; NCCN = National Comprehensive Cancer Network; NSCLC = non-small 

cell lung cancer; PEBC = Program in Evidence-Based Care 
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Appendix 4: Main Study Findings and Authors’ Conclusions  

Table 6:  Summary of Findings of Included Economic Evaluations (Base-case results) 

Main Study Findings Authors’ Conclusion 

Carlson, 20187 

Drug cost (PFS) 

 Alectinib: USD 440,631 

 Crizotinib: USD 258,263 

 Difference: USD 182,367 
 
Drug cost (PP) 

 Alectinib: USD 100,249 

 Crizotinib: USD 104,953 

 Difference: - USD 4704 
 
Non-drug cost of care (CNS) 

 Alectinib: USD 381,873 

 Crizotinib: USD 613,707 

 Difference: - USD 231,834 
 
Non-drug cost of care (Non-CNS) 

 Alectinib: USD 119,367 

 Crizotinib: USD 31,045 

 Difference: USD 88,321 
 
Total cost 

 Alectinib: USD 1,042,119 

 Crizotinib: USD 1,007,968 

 Difference: USD 34,151 
 
Life-Years 

 Alectinib: 5.21 

 Crizotinib: 4.30 

 Difference: 0.91 

 ICER: US$37,611 
 
QALY 

 Alectinib: 3.51 

 Crizotinib: 2.64 

 Difference: 0.87 

 ICER: $39,312 

“We estimated that treatment with alectinib in 
treatment-naive patients with ALK-positive NSCLC 
increased time in the PF health state, increased 
LY, and increased QALYs vs. crizotinib. The 
marginal increase in costs was driven by longer 
treatment durations with alectinib and offset by the 
increased cost of CNS metastasis for patients 
receiving crizotinib. This model suggests that 
alectinib may be considered a cost-effective 
treatment vs. crizotinib according to commonly 
used thresholds in USA (i.e.,<US$100,000–
US$150,000/QALY)”  
Pg 502 

Zhou, 201810 

Costs  

 Drug and drug administration costs, initial treatment:  
o USD 220,601 (Ceritinib) 
o USD 181,541 (Crizotinib) 
o USD $39,060 (Ceritinib vs Crizotinib) 

 Drug and drug administration costs, post-progression treatment:  
o USD 30,677 (Ceritinib) 
o USD 33,306 (Crizotinib) 
o – USD 2,629 (Ceritinib vs Crizotinib) 

“Overall, these results suggest that ceritinib is a 
more cost-effective treatment option than crizotinib 
in first line, both in the short and long term” 
Pg 584 
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Main Study Findings Authors’ Conclusion 

 Treatment associated AE costs:  
o USD 1,214 (Ceritinib) 
o USD 2,838 (Crizotinib) 
o – USD 1,624 (Ceritinib vs Crizotinib) 

 Medical care costs:  
o USD 47,285 (Ceritinib) 
o USD 45,487 (Crizotinib) 
o USD 1,798 (Ceritinib vs Crizotinib) 

 Total costs:  
o USD 299,777 (Ceritinib) 
o USD 263,172 (Crizotinib) 
o USD 36,605 (Ceritinib vs Crizotinib) 

 
Effectiveness (Ceritinib vs Crizotinib) 

 Total QALYs:  
o 3.28 (Ceritinib) 
o 2.73 (Crizotinib) 
o 0.55 (Ceritinib vs Crizotinib) 

 Total LYs:  
o 4.61 (Ceritinib) 
o 3.92 (Crizotinib) 
o 0.69 (Ceritinib vs Crizotinib) 

 
ICER (Ceritinib vs Crizotinib) 

 Incremental cost per QALY gained: $66,064/QALY 

 Incremental cost per LYG: $53,207/LYG 

Carlson 20178 

Pre-progression cost 

 Alectinib: USD 153,189 

 Ceritinib: USD 143,662 

 Difference: USD 9527 
 
Post-progression cost 

 Alectinib: USD 102,224 

 Ceritinib: USD 97,883 

 Difference: USD 4341 
 
Total cost 

 Alectinib: USD 255,413 

 Ceritinib: USD 241,545 

 Difference: USD 13,868 
 
Life-Years 

 Alectinib: 2.39 

 Ceritinib: 1.67 

 Difference: 0.72 

 ICER: USD 19,313 
 
QALY 

 Alectinib: 1.42 

 Ceritinib: 0.98 

 Difference: 0.44 

 ICER: USD 31,180 

“In conclusion, we estimated that treatment with 
alectinib in ALK+ crizotinib-treated NSCLC 
patients increased time in the PF health state, 
increased life-years, and increased QALYs vs 
ceritinib. The marginal increase in costs was 
driven by longer treatment durations with alectinib. 
The results remained consistent across a number 
of scenarios. This model demonstrates that 
alectinib may be considered a cost-effective 
treatment after patients have progressed on 
crizotinib according to commonly used thresholds 
in the US (i.e. < $100,000 to $150,000/QALY)”  
Pg 675-576 
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Main Study Findings Authors’ Conclusion 

Hurry, 20169 

 Total costs: CAD 89,740 (Ceritinib) 

 Total QALYs: 0.86 (Ceritinib) 

 Total Life-years: 1.61 (Ceritinib) 
 
ICER/QALY 

 Ceritinib vs BSC: CAD 149,117 

 Ceritinib vs pemetrexed: CAD 80,100 

 Ceritinib vs HC: CAD 104,436 
 
ICER/LY 

 Ceritinib vs BSC: CAD 80,818 

 Ceritinib vs pemetrexed: CAD 40,748 

 Ceritinib vs HC: CAD 55,202 

“Based on the willingness-to-pay threshold for 
end-of-life cancer drugs, ceritinib may be 
considered as a cost-effective option compared 
with other alternatives in patients who have 
progressed or are intolerant to crizotinib in 
Canada” 
Pg 936 

AE = adverse event; ALK = anaplastic lymphoma kinase; CNS = central nervous system; ICER = incremental cost-effectiveness ratio; LY(G) = life year (gained); NSCLC 

= non-small cell lung cancer; OS = overall survival; PFS = progression-free survival; PF = progression free; PP = post-progression; QALY = quality-adjusted life years 

All costs were in USD unless otherwise indicated 

Table 7:  Summary of Recommendations in Included Guidelines 

Recommendations Strength of Evidence and Recommendations 

NCCN Guideline, 201811 

 Alectinib was recommended as the preferred first-line 
treatment for patients with ALK-positive metastatic NSCLC 

 Ceritinib and crizotinib were also recommended as first-line 
therapies in these patients 

 Subsequent therapy may vary depending on previous 
treatment with targeted agents, as well as symptomatic 
status, location, and extent of disease progression.  

 Patients who progressed on first-line crizotinib, local therapy 
or other ALK-inhibitors (alectinib, ceritinib, and brigatinib) 

were recommended (if not previously given) 

 For patients who progressed on first-line alectinib or 
ceritinib, subsequent therapy may include local therapy, 
cytotoxic chemotherapy (e.g. carboplatin/paclitaxel) or 
continuation with alectinib, ceritinib, or crizotinib. 

 Category 1 
 

 Category 1 
 
 
 
 

 Category 2A 
 
 

 Category 2A 

PEBC guideline, 201612 

 “If patients have stage IIIB/IV NSCLC and ALK 
rearrangements, first-line crizotinib is recommended” 

 “Patients whose tumours have ALK rearrangements and 
who received crizotinib in the first-line setting may be 
offered the option of chemotherapy (after first-line 
recommendations for patients with NSCLC or ceritinib in the 
second-line setting” 

Not reported 

ALK = anaplastic lymphoma kinase; NCCN = National Comprehensive Cancer Network; NSCLC = non-small cell lung cancer; PEBC = Program in Evidence-Based Care 

Category 1: Based upon high-level evidence, there is uniform NCCN consensus that the intervention is appropriate 

Category 2A: Based upon lower-level evidence, there is uniform NCCN consensus that the intervention is appropriate 

For the ‘uniform NCCN consensus’ defined in Category 1 and Category 2A, a majority Panel vote of at least 85% is required 

Preferred intervention refers to Interventions that are based on superior efficacy, safety, and evidence; and, when appropriate, affordability 
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Guideline/Consensus report without a systematic approach for evidence collection 

Melosky B, Agulnik J, Albadine R, et al. Canadian consensus: inhibition of ALK-positive 

tumours in advanced non-small-cell lung cancer. Curr Oncol. 2016 Jun;23(3):196-200. 

Economic evaluations published in conference proceedings 

Zhou Z, Hurry M, Zhang J, et al. Cost-effectiveness of ceritinib in previously treated patients 

with crizotinib in anaplastic lymphoma kinase-positive (ALK+) non-small cell lung cancer in 

Canada. Value Health. 2015 Nov;18(7):A462. 

Zhou Z, Zhang J, Fan L, et al. Cost-effectiveness of ceritinib in the treatment of previously 

treated anaplastic lymphoma kinase-positive (ALK+) non-small cell lung cancer in the 

United Kingdom. Value Health. 2015 Nov;18(7):A455-456. 

Balu S, Cerezo-Camacho O, Smith NJ, Beckerman R. Cost-effectiveness of ceritinib versus 

current therapies for chemotherapy-experienced anaplastic lymphoma kinase positive non-

small cell lung cancer patients in Mexico. Value Health. 2015 Nov;18(7):A821. 


