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Background: 

Lung cancer is the number one cause of cancer death in the United States, expected to cause 158,000 

deaths in 2016, and accounting for 26.5% of all cancer deaths.1 It is the second most common cancer in 

both men (after prostate cancer) and women (after breast cancer), with 118,000 and 106,000 new cases 

expected in 2016, respectively.2 The median age at death is 72.1 Lung cancer rates reflect smoking 

behavior, and the incidence of lung cancer peaked in men in 1992 with 69.5 cases per 100,000 and in 

women in 2005 with 53.8 cases per 100,000; those rates declined by 2013 to 52.2 and 47.7 cases per 

100,000, respectively, reflecting earlier declines in the prevalence of smoking.3,4 

 

Lung cancer includes different pathological types, broadly divided into small-cell lung cancer and non-

small-cell lung cancer (NSCLC).5 NSCLC makes up about 85% of lung cancers and comprises mainly 

squamous cell carcinoma, adenocarcinoma, and large-cell lung cancer.6 Stage at diagnosis is a primary 

factor in patient survival, and patients with NSCLC commonly present with advanced disease (i.e., 

distant spread, malignant effusion, or bilateral lung disease); 24% have regional spread at presentation, 

and 55% have distant spread.3 Prognosis is generally poor at diagnosis; five-year survival from 2006-

2012 was 31.4% in patients with regional spread and 4.9% in patients with distant spread. In recent 

years, the treatment of some advanced NSCLCs has changed based on the determination of driver 

mutations in tumors. 

 

Mutations affecting the kinase region of the epidermal growth factor receptor (EGFR) are found in 

approximately 10% of patients with adenocarcinoma in the United States, but in up to 50% of patients 

from Asia.5,7 EGFR mutations are more common in NSCLC among non-smokers and less common in 

squamous cell carcinoma (approximately 2.7% with EGFR mutations).8  

 

In NSCLC patients with EGFR mutations (referred to as EGFR+ NSCLC), tyrosine kinase inhibitors (TKIs) 

have become first-line therapy.8 The main TKIs used as first-line therapy for advanced NSCLC include 

afatinib (Gilotrif®, Boehringer Ingelheim), erlotinib (Tarceva®, Genentech), and gefitinib (Iressa®, 

AstraZeneca). There is some evidence that the type of EGFR mutation may influence response to TKI 

therapy.7,9,10 A course of treatment with first-line TKI therapy typically costs approximately $90,000 per 

year.11  
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Patients with NSCLC without a driver mutation are typically treated with a platinum-based 

chemotherapy doublet (e.g., cisplatin + paclitaxel, carboplatin + gemcitabine, etc.) as first-line therapy,8, 

which have been the comparators for most trials of TKIs.10 Conclusions about the relative efficacy and 

toxicity among the TKIs are somewhat limited by the predominance of indirect evidence from trials 

comparing them each with chemotherapy. 

 

Despite treatment with a TKI, nearly all patients with advanced NSCLC will eventually progress.5 A 

common mechanism of TKI resistance is a T790M mutation in EGFR. Commonly, patients who have this 

mutation are treated second-line with osimertinib (Tagrisso®, AstraZeneca), a TKI that is effective in 

EGFR+ tumors with a T790M mutation.8 For patients who progress on osimertinib, guidelines suggest 

proceeding with chemotherapy doublet treatment as in patients without a driver mutation.8 

 

Other newer agents are also being used for advanced NSCLC. Immunotherapy aimed at altering 

checkpoint inhibition through the programmed death 1 (PD-1) receptor or its ligand (PD-L1) shows 

promise in at least some patients with NSCLC.12 Agents focused on this pathway include nivolumab 

(Opdivo®, Bristol-Myers Squibb) and pembrolizumab (Keytruda®, Merck), which are antibodies to PD-1, 

as well as atezolizumab (Tecentriq®, Genentech), an antibody to PD-L1. PD-1 immunotherapy is 

recommended as second-line treatment in patients with advanced NSCLC without a driver mutation 

who progress on a chemotherapy doublet.8 

 

Most patients studied in trials of PD-1 immunotherapy have received prior treatment with a 

chemotherapy doublet, whether or not they were EGFR+ and/or had received prior TKI therapy.13-15 The 

alternative treatment in this setting would typically be single-agent chemotherapy with an agent that 

was not used in the original doublet, such as docetaxel. 

 

Recently, clinicians have begun exploring the use of PD-1 agents in patients who have not received a 

chemotherapy doublet.16 This includes using PD-1 immunotherapy as first-line treatment in patients 

with NSCLC without a driver mutation or as third-line therapy (after osimertinib) in patients with EGFR+ 

NSCLC. As with the TKIs, conclusions about the relative efficacy and toxicity among the PD-1 agents are 

limited by the predominance of indirect evidence from trials comparing them each with chemotherapy. 

 

A course of PD-1 immunotherapy has been estimated to cost approximately $150,000 per year.11 In 

addition to questions of the comparative effectiveness of these agents, both among the agents and 

compared with alternative therapies, it appears likely that tumor expression of PD-L1 is helpful in 

selecting appropriate patients for PD-1 based therapies.12 However, there are concerns about the 

comparability of various methods used to assess levels of expression.17  

 

Report Aims: 

This project will evaluate the health outcomes and economic effects of certain tyrosine kinase inhibitors 

(TKIs) and programmed death 1 (PD-1) agents in the treatment of advanced non-small-cell lung cancer 

(NSCLC). The effects of both classes of agents will be evaluated in EGFR+ NSCLC, and PD-1 agents will be 

evaluated in NSCLC without a driver mutation. 

 

Scope of the Evidence Review Focusing on Comparative Clinical Effectiveness: 
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The proposed scope for this assessment is described below using the PICOTS (Population, Intervention, 

Comparators, Outcomes, Timing, and Settings) framework. Evidence will be collected from available 

randomized controlled trials as well as high-quality systematic reviews; higher-quality comparative 

cohort studies will also be evaluated as necessary. We will not restrict studies according to study 

duration or study setting; however, we will limit our review to those that capture the outcomes of 

interest. We will supplement our review of published studies with data from conference proceedings, 

regulatory documents, information submitted by manufacturers, and other grey literature when the 

evidence meets ICER standards (for more information, see http://icer-review.org/methodology/icers-

methods/icer-value-assessment-framework/grey-literature-policy/). 

 

Analytic Framework: 

The general analytic framework for assessment of all the interventions is depicted in Figure 1 below. 

 

Figure 1. Analytic Framework: Management of Advanced Non-Small-Cell Lung Cancer 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Populations 

The four populations of focus for the review will be adults with advanced NSCLC who: 

P1) Have an EGFR+ tumor and have not previously been treated for advanced disease 

P2) Have a tumor without a driver mutation and have not previously been treated for advanced 

disease 

P3) Have a tumor without a driver mutation that has progressed after first-line treatment with a 

platinum-based chemotherapy doublet (e.g., cisplatin + paclitaxel, carboplatin + gemcitabine, 

etc.) 

P4) Have an EGFR+ tumor that has progressed after first-line or first- and second-line TKI therapy 

(patients who do not develop a T790M mutation will only receive first-line TKI therapy) 

Population 

Adults with 

advanced non-

small-cell lung 

cancer 

Surrogate Outcomes 

 Time to progression 

 Progression-free survival 

 Objective response rate 

Intervention 

Tyrosine kinase inhibitors or 

programmed death 1 

receptor immunotherapy 

Adverse Events 

 Systemic 

 Hematologic 

 Gastrointestinal 

 Dermatologic 

 Endocrine 

 Pulmonary 

 Other AEs 

Key Measures of Clinical 

Benefit 

 Overall survival 

 Health-related quality of life 

http://icer-review.org/methodology/icers-methods/icer-value-assessment-framework/grey-literature-policy/
http://icer-review.org/methodology/icers-methods/icer-value-assessment-framework/grey-literature-policy/
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Interventions 

P1) The interventions will be the TKIs erlotinib, gefitinib, and afatinib 

P2) The intervention will be a treatment sequence of PD-1 immunotherapy (i.e., nivolumab, 

pembrolizumab, or atezolizumab), followed by a platinum-based chemotherapy doublet at the 

time of progression 

P3) The intervention will be PD-1 immunotherapy (after progression on a platinum-based 

chemotherapy doublet) 

P4) The intervention will be PD-1 immunotherapy (after progression on first-line or first- and 

second-line TKI therapy) 

 

Comparators 

P1) The comparator will be a platinum-based chemotherapy doublet 

P2) The comparator will be a treatment sequence of a platinum-based chemotherapy doublet, 

followed by PD-1 immunotherapy at the time of progression 

P3) The comparator will be single-agent chemotherapy (e.g., docetaxel) 

P4) The comparator will be a platinum-based chemotherapy doublet 

 

Outcomes 

This review will examine key clinical outcomes that occur in all four populations of patients being 

treated for advanced NSCLC, including surrogate outcomes common to cancer trials. We will also engage 

with patient groups and clinical experts to ascertain which outcomes are of greatest importance to 

patients and determine whether patient-reported outcomes or other evidence sources can be found to 

enrich the available data. Initial discussions with patient groups indicate that patients with NSCLC have 

particularly high levels of distress, even when compared with other cancer patients, that NSCLC and its 

treatments cause substantial disruption of work and family life over time, and that burdens of therapy 

to the patient and family can accumulate over time as patients live longer and remain on therapy longer; 

these outcomes may not have been captured well in clinical trials. 

 

Outcomes of interest will include: 

 Overall survival 

 Disease progression-related measures (progression-free survival, time to progression) 

 Objective response rate 

 Symptom control 

 Health-related quality of life 

 Treatment-related adverse events 

o Rates of key adverse events by type (e.g., systemic, gastrointestinal, dermatologic, etc.) 

o Rates of Grade 3 or 4 adverse events 

o Discontinuation due to adverse events 

o Treatment-related deaths 
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Evidence tables will be developed for each outcome and meta-analysis will be used to quantitatively 

summarize outcomes for therapies. To assess comparisons within classes of TKIs and PD-1 

immunotherapies, network meta-analysis will be used to combine direct and indirect evidence. 

 

Timing 

Evidence on intervention effectiveness and harms will be derived from studies of any duration. 

 

Settings 

All relevant settings will be considered, including inpatient, clinic, and outpatient settings. 

 

Simulation Models Focusing on Comparative Value: 

As a complement to the evidence review, we will develop a simulation model to assess the cost-

effectiveness of the regimens of interest relative to standard treatments. A model structure will be 

developed to evaluate NSCLC treatments from a health-system perspective over a lifetime horizon. The 

model structure and inputs will be informed by prior published economic evaluations of NSCLC 

treatment. The model will focus attention on regimens most likely to be used for first- and second-line 

treatment; key model estimates will differ to reflect differences in disease severity and quality of life for 

patients receiving first- vs. second-line treatment. 

 

The populations of focus for the models will be adults with advanced NSCLC who: 

 

P1) Have an EGFR+ tumor and have not previously been treated for advanced disease  

 

P2) Have a tumor without a driver mutation and have not previously been treated for advanced 

disease 

 

P3) Have a tumor without a driver mutation that has progressed after first-line treatment with a 

platinum-based chemotherapy doublet (e.g., cisplatin + paclitaxel, carboplatin + gemcitabine, 

etc.). 

 

We are not planning to model population P4 above. We will explore whether there is sufficient evidence 

to adequately model population P2. 

 

Effectiveness will be estimated based on network meta-analyses of progression-free and/or overall 

survival.  

 

Based on input from clinical experts as well as listed FDA indications, proposed regimens include: 

 

P1) Erlotinib, gefitinib, and afatinib, compared to platinum-based chemotherapy doublet 

 

P2) Treatment sequence of PD-1 immunotherapy (i.e., nivolumab, pembrolizumab, or 

atezolizumab) followed by platinum-based chemotherapy doublet at time of progression, 

compared to a treatment sequence of platinum-based chemotherapy doublet followed by PD-1 

immunotherapy at the time of progression 
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P3) PD-1 immunotherapy (after progression on a platinum-based chemotherapy doublet) 

compared to single-agent chemotherapy (e.g., docetaxel). 

 

For populations P2 and P3, we expect to model whether a strategy that does or does not include testing 

for PD-L1 levels affects the results. 

 

Key model outputs will include rates of progressive disease as well as time spent in these health states, 

treatment-related adverse events, disease-related survival, and the impact of these measures on health-

related quality-of life. Costs will include those of current and subsequent treatment, management of 

adverse events, and ongoing cancer-related care. Results will be expressed primarily in terms of the 

incremental cost per quality-adjusted life year (QALY) gained.  

 

We will also assess the potential budgetary impact of each regimen over a 5-year time horizon, utilizing 

information on treatment costs and cost offsets from extended response and/or time off treatment. 

Potential budgetary impact analyses will assume a product “uptake” rate over the 5-year period based 

on ICER criteria. Finally, we will develop a “value-based price benchmark” for each regimen reflecting 

prices aligned with long-term cost-effectiveness thresholds and below a threshold for potential 

budgetary impact that would exceed growth targets for national health care costs. 

 

More information on ICER’s methods for estimating product uptake and calculating value-based price 

benchmarks can be found on ICER’s website.  

  

http://3fxvz14buw4m27h41042o2un.wpengine.netdna-cdn.com/wp-content/uploads/2016/02/Slides-on-value-framework-for-website-v4-13-16.pdf


7 
 

References: 

1. SEER. Stat fact sheets: lung and bronchus cancer.  
http://seer.cancer.gov/statfacts/html/lungb.html. Accessed May 13, 2016. 

2. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2016. CA: a cancer journal for clinicians. 
2016;66(1):7-30. 

3. SEER. Cancer statistics review 1975-2013.  
http://seer.cancer.gov/csr/1975_2013/browse_csr.php. Accessed May 13, 2016. 

4. Centers for Disease Control and Prevention. Smoking & tobacco use.  
http://www.cdc.gov/tobacco/data_statistics/tables/trends/cig_smoking/. Accessed June 9, 
2016. 

5. Herbst RS, Heymach JV, Lippman SM. Lung cancer. The New England journal of medicine. 
2008;359(13):1367-1380. 

6. Dela Cruz CS, Tanoue LT, Matthay RA. Lung cancer: epidemiology, etiology, and prevention. 
Clinics in chest medicine. 2011;32(4):605-644. 

7. Sequist LV, Bell DW, Lynch TJ, Haber DA. Molecular predictors of response to epidermal growth 
factor receptor antagonists in non-small-cell lung cancer. Journal of clinical oncology : official 
journal of the American Society of Clinical Oncology. 2007;25(5):587-595. 

8. NCCN Guidelines Version 4.2016. Non-small cell lung cancer. 2016; 
https://www.nccn.org/professionals/physician_gls/pdf/nscl.pdf. Accessed May 13, 2016. 

9. Yang JC, Sequist LV, Geater SL, et al. Clinical activity of afatinib in patients with advanced non-
small-cell lung cancer harbouring uncommon EGFR mutations: a combined post-hoc analysis of 
LUX-Lung 2, LUX-Lung 3, and LUX-Lung 6. The Lancet. Oncology. 2015;16(7):830-838. 

10. Haspinger ER, Agustoni F, Torri V, et al. Is there evidence for different effects among EGFR-TKIs? 
Systematic review and meta-analysis of EGFR tyrosine kinase inhibitors (TKIs) versus 
chemotherapy as first-line treatment for patients harboring EGFR mutations. Critical reviews in 
oncology/hematology. 2015;94(2):213-227. 

11. Truven Health Analytics. Red Book Online.  https://www.micromedexsolutions.com. Accessed 
May 23, 2016. 

12. Jing W, Li M, Zhang Y, et al. PD-1/PD-L1 blockades in non-small-cell lung cancer therapy. 
OncoTargets and therapy. 2016;9:489-502. 

13. Borghaei H, Paz-Ares L, Horn L, et al. Nivolumab versus Docetaxel in Advanced Nonsquamous 
Non-Small-Cell Lung Cancer. The New England journal of medicine. 2015;373(17):1627-1639. 

14. Herbst RS, Baas P, Kim DW, et al. Pembrolizumab versus docetaxel for previously treated, PD-L1-
positive, advanced non-small-cell lung cancer (KEYNOTE-010): a randomised controlled trial. 
Lancet (London, England). 2016;387(10027):1540-1550. 

15. Fehrenbacher L, Spira A, Ballinger M, et al. Atezolizumab versus docetaxel for patients with 
previously treated non-small-cell lung cancer (POPLAR): a multicentre, open-label, phase 2 
randomised controlled trial. Lancet (London, England). 2016. 

16. Schmid-Bindert G, Jiang T. First-line nivolumab (anti-PD-1) monotherapy in advanced NSCLC: the 
story of immune checkpoint inhibitors and "the sorcerers apprentice". Translational lung cancer 
research. 2015;4(3):215-216. 

17. Kerr KM, Tsao MS, Nicholson AG, Yatabe Y, Wistuba, II, Hirsch FR. Programmed Death-Ligand 1 
Immunohistochemistry in Lung Cancer: In what state is this art? Journal of thoracic oncology : 
official publication of the International Association for the Study of Lung Cancer. 2015;10(7):985-
989. 

 

http://seer.cancer.gov/statfacts/html/lungb.html
http://seer.cancer.gov/csr/1975_2013/browse_csr.php
http://www.cdc.gov/tobacco/data_statistics/tables/trends/cig_smoking/
https://www.nccn.org/professionals/physician_gls/pdf/nscl.pdf
https://www.micromedexsolutions.com/

