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Purpose: Advanced non-small-cell lung cancer (aNSCLC; stage IIIB/IV) presents

a substantial clinical burden to society; reliable estimates of its economic burden are lacking.

Therefore, this study aimed to quantify real-world health care resource utilization (HCRU)

and costs of patients with squamous (SQ) and non-SQ (NSQ) aNSCLC who received two or

more lines of treatment (2L+) in Europe, and to describe cost-predictors.

Methods: The LENS (Leading the Evaluation of Non-squamous and Squamous NSCLC)

retrospective chart review study collected data from 2L+ patients with aNSCLC diag-

nosed between 07/2009 and 08/2011 (wave 1) or 07/2010 and 09/2012 (wave 2) in

France, Germany, Italy, Spain, England, the Netherlands, and Sweden. Patients were

followed from diagnosis through most recent visit/death. A weighted average of country-

specific unit costs (2018 Euro) was applied to systemic anti-cancer therapy usage and

HCRU (hospital/emergency department visit, surgery, radiotherapy, ancillary care, bio-

marker testing) to determine the total cost from aNSCLC diagnosis to death. Generalized

linear models (gamma distribution, log link) were used to assess clinical and demo-

graphic predictors.

Results: Of 973 2L+ aNSCLC patients, median overall survival (OS) was 1.5 years from

advanced diagnosis (range: 0.2–5.3; median OS: 1.4 [SQ], 1.6 [NSQ]), 79.0% died during

follow-up. Weighted mean total per-patient costs were €21,273, ranging from €17,761

(England) to €30,854 (Sweden), and €15,446 (SQ) to €26,477 (NSQ). Systemic drug costs

comprised 77.4% of total costs. Insurance status, presence of epidermal growth factor

receptor (EGFR) mutation, SQ histology, age, alcohol abuse, and year of diagnosis were

significant predictors for lower total costs per patient-month, Eastern Cooperative Oncology

Group performance status (ECOG PS) ≥1 and country for higher costs.

Conclusion: In the era pre-immunotherapy, HCRU and costs were substantial in aNSCLC

2L+ patients, with most of the costs accrued prior to start of 2L. NSQ patients incurred

significantly higher total costs than SQ patients in all participating countries.
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Introduction
Lung cancer is the most common cancer in the world and the leading cause of cancer

deaths among people over 65, with a three-fold elevated risk for men compared to

women.1 In 2018, 183,100 persons were predicted to die of lung cancer in the European

Union.2 Non-small-cell lung cancer (NSCLC) accounts for 85% to 90% of all lung

cancer diagnoses.3,4 Survival rates are poor,5 particularly among the majority of patients

who present with advanced NSCLC (aNSCLC), ie, stages IIIB or IVof the International
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Staging Committee of the International Association for the

Study of Lung Cancer (ISC-IASLC).6

Although the clinical burden of the disease is well

understood, reliable estimates of the economic burden of

aNSCLC to society in Europe are lacking since the cost

estimates are not based on detailed real-world evidence

(RWE).7 Consequently, the direct costs incurred by

aNSCLC are unknown, and information on the drivers of

costs is scarce. The LENS study (Leading the Evaluation

of Non-squamous and Squamous NSCLC) aimed to quan-

tify real-world health care resource utilization (HCRU)

related to aNSCLC and their associated costs of patients

with squamous (SQ) and non-squamous (NSQ) aNSCLC

who received two or more lines of treatment (2L+) in

seven European countries. In addition, this analysis

aimed to describe predictors of real-world costs per

patient.

Methods
Data Source
Data for this retrospective, observational patient chart

review study were sampled by medical oncologists,

hematologists/oncologists, and pulmonologists, who

were recruited from national physician databases in

England, France, Germany, Italy, the Netherlands,

Spain, and Sweden. Participating physicians had to be

practicing oncologists or pulmonologists, spend at least

50% of their practice time treating patients with

aNSCLC, and be willing to obtain all data of interest.

Participating physicians were responsible for patient

selection, data abstraction, and completion of the patient

case report forms retrospectively following explicit

study instructions.

Due to the retrospective nature of the study, an Ethics

Committee/Institutional Review Board application for

exemption or waiver was obtained. All participating phy-

sicians and patients remained anonymous to the sponsor,

and all data were de-identified. All data were collected

and processed with adequate precautions to ensure con-

fidentially and compliance with applicable data privacy

protection laws and regulations at the time of data

collection.

Real-world medical and treatment data were extracted

from patient charts during the follow-up period from base-

line (diagnosis of aNSCLC) to the most recent physician

visit, known condition, or death. In addition, HCRU (ie,

aNSCLC-related hospital/emergency department [ED]

visit, surgery, radiotherapy, ancillary care [hospice, nur-

sing home, in-home care], biomarker test) and systemic

anti-cancer treatment including doses were extracted. Data

were obtained in two consecutive waves: Wave 1 was

conducted from 08/2013 to 04/2015 in France, Germany,

Italy, and Spain; Wave 2 from 04/2015 to 01/2017 in

England, the Netherlands, and Sweden.

Patient Selection
Adult 2L+ patients with aNSCLC diagnosed from 07/2009

through/to 08/2011 (wave 1) or 07/2010 through/to 09/

2012 (wave 2) were eligible for inclusion. The patient’s

medical chart was required to provide all data on age, sex,

date of aNSCLC diagnosis, all lines of treatment (includ-

ing agent types and dosage), therapy response, date of

disease progression, date of last follow-up, and vital status.

Patients who were enrolled in a cancer treatment-related

clinical trial since date of aNSCLC diagnosis were

excluded. Target enrollment was 200 patients per country,

with a proportionate divide of SQ and NSQ patients.

Costing
Country-specific unit costs were obtained from publicly

available databases and adjusted for inflation to

2018 Euro (€). To adjust for country-specific unit cost

differences, all cost analyses in this manuscript were

computed using the following method: an average-

weighted cost per unit was calculated, based on number

of patients within the total cohort per country (Weighted

unit cost = ∑ Unit costCountry * NCountry/NOverall). If a unit

cost was unavailable in a country, a unit cost from

another country was used as a proxy. The weighted

average unit costs were then multiplied by the amount

of systemic anti-cancer drug usage and HCRU units to

derive the total aNSCLC-related costs from aNSCLC

diagnosis to death overall as well as per country.

A table of weighted unit costs, and of unit costs by

country including proxy assumptions with source data is

available in the Supplementary Materials.

Statistical Analyses
Numerical variables were described by median and 95%

confidence interval (CI) or by mean and standard devia-

tion (SD). Categorical variables were described by fre-

quencies and percentages. Chi-squared, Fisher’s exact,

and Student’s t-tests were used to determine significant

differences between groups using a threshold of p < 0.05

for significance, unless otherwise stated. HCRU was
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calculated and costs were estimated per patient as well as

per patient-month during four time periods: “Total costs”

from aNSCLC diagnosis to death or last date of follow-

up; “Pre-progression” from aNSCLC diagnosis to first

progression or start of second-line (2L) treatment; “Post-

progression” from first progression or start of 2L treat-

ment to last date of follow-up or (if patient died) last

month of life (end of life, EOL); and “EOL,” 28 days

prior to a patient’s death. A patient-month was defined as

the mean length of observation time in months (sum of

total observation time in days divided by 28 days, calcu-

lated per patient). Time-to-event results were derived

from Kaplan-Meier survival analysis.

Prognostic factors associated with costs from

aNSCLC diagnosis (total costs per patient, and costs

per patient-month) were examined through generalized

linear models (GLMs) with log link and gamma distri-

bution used; clinically relevant and independent vari-

ables tested for inclusion are provided in Table 1. In

order to select a model that balanced the clinical and

statistical importance of different potential covariates,

the GLMs selection process for the outcome total

weighted costs was as follows:

1. In the first series of analyses (step 1), candidate

variables were entered individually to understand

bivariate statistical associations.

2. Step 2 included clinically relevant variables,

which were identified a priori within the statis-

tical analysis plan; these were variables that the

study team considered important to include in

models regardless of statistical significance.

3. Step 3 applied a backward selection process to

select variables for inclusion, using only variables

from step 1 that had p < 0.1.

4. The final model (step 4) included all clinically rele-

vant variables regardless of statistical significance,

plus the significant variables from step 3.

To account for varying patient follow-up time and

overall survival (OS), the final model was then also used

to explore prognostic factors and their odds ratios asso-

ciated with costs per patient-month.

As a sensitivity analysis, the cost analyses were conducted

in a subset of patientswith complete follow-up data until death.

Data analysis was conducted using SAS software, ver-

sion 9.4 of the SAS System for Windows (Cary, NC, USA).

Table 1 Model Development and Input Variables

Variable Reference Category Comparison Categories Modela

1 2 3 4

Age, years <65 65–79; >79 x x x x

Sex Female Male x x x x

Country Germany Spain; France; Italy; Netherlands; Sweden; England x x x x

Histology Non-squamous Squamous x x x x

ISC-IASLC disease stage IIIB IV x x x

ECOG PS score 0 1; ≥2; Unknown x x x

Smoking status Never Former; Current x x x x

Alcohol abuse No; Unknown Yes x x x x

Year of diagnosis 2009 2010; 2011; 2012 x x x x

Private-based practice No Yes x x

Insurance Private Public; Unknown x x x

Weight loss No Yes x

Metastasis present No Yes x

Malignant pleural effusion No Yes x

Presence of biomarker

EGFR mutation Absent; Not tested; Inconclusive Present x x x

ALK translocation Absent; Not tested; Inconclusive Present x

KRAS mutation Absent; Not tested; Inconclusive Present x

Notes: aModel 1, variables entered individually; 2, relevant variables as defined by the protocol; 3, backwards selected model using significant variables from model 1 series

(p < 0.1); 4, significant variables from model 3 plus clinically relevant variables (final model).

Abbreviations: ALK, anaplastic lymphoma receptor tyrosine-kinase gene; ECOG PS, Eastern Cooperative Oncology Group performance status; EGFR, epidermal growth

factor receptor gene; ISC-IASLC, International Staging Committee of the International Association for the Study of Lung Cancer; KRAS, Kirsten rat sarcoma viral oncogene.
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Results
Baseline Characteristics
The analysis included data from 973 2L+ patients with

aNSCLC from 193 sites across the seven European coun-

tries, who were followed for a mean of 1.7 years (range:

0.2–5.3 years), until their most recent visit (21.0%) or

death (79.0%). The 769 patients who died constitute the

sensitivity analysis set. Due to the sampling strategy,

a similar number of SQ and NSQ histology patients were

included in the overall cohort.

Most patients were male (71.0%), had ISC-IASLC

disease stage IV at advanced diagnosis (81.5%), and

Eastern Cooperative Oncology Group performance status

(ECOG PS) of 1 (60.4%); the mean age was 64.3 years at

diagnosis (Table 2). Data analyzed by histology revealed

that patients with SQ aNSCLC were generally older (65.0

vs 63.7 years) and more likely to be male than patients

with NSQ aNSCLC (80.2% vs 62.7%). Disease stage and

ECOG PS were similarly distributed across patients with

SQ and NSQ histology. When the data were analyzed by

country it was observed that the percentage of patients

with an ECOG PS ≥2 was at 22.7% higher in Germany

than in all other countries. Most patients (80.2%) with

NSQ disease were tested for an epidermal growth factor

receptor (EGFR) mutation, compared with 26.2% of

patients with SQ disease. Presence of EGFR mutation

was also higher in patients with NSQ disease than in

patients with SQ aNSCLC (31.1% vs 10.2%). The percen-

tage of patients who received a biomarker test and tested

positively for the presence of EGFR mutation ranged from

10.3% in Sweden to 28.2% in Italy. On average, patients at

diagnosis were oldest in Sweden (67.5 years) and youngest

in England (60.9 years). The proportion of female patients

ranged from 23.6% in Italy to 46.2% in England; the share

of SQ patients ranged from 13.8% in Sweden to 53.8% in

Germany.

Median OS from aNSCLC diagnosis was 1.5 years

(range: 0.2–5.3 years) for the overall population, 1.4

years for SQ patients (range: 0.2–5.3 years), and 1.6

years for NSQ patients (range: 0.3–4.8 years). Among

SQ patients, median OS was highest in Italy (1.8 years),

followed by Germany and England (1.5 years), Sweden

(1.3 years), Spain (1.2 years), and France and the

Netherlands (1.1 years). Among NSQ patients, median

OS was highest in Germany (1.9 years), Sweden, Spain,

and Italy (all 1.7 years), and France, the Netherlands, and

England (1.2 years)

Health Care Resource Utilization
Over the patients’ follow-up period, ie from diagnosis

through most recent visit/death, 16.1% of patients were hos-

pitalized at least once and 8.6% required one or more ED

visits (Table 3). The distribution of HCRU differed signifi-

cantly between countries, ranging from 7.7% of patients with

at least one hospital admission in Italy to 51.7% in Sweden

(p < 0.001). Among patients who were hospitalized, median

length of hospitalization was 0.8 days per patient-month

(range: <0.1 to 4.5 days). Hospitalizations and ED visits

occurred most frequently once patients had progressed/were

receiving 2L treatment until EOL.

During the patients’ follow-up period, 20.7% had

received radiotherapy and 3.8% had undergone surgery.

Within this cohort, biomarker testing was common, with

49.6% of patients tested for at least one biomarker.

Referrals to other specialists happened most often in the

period between aNSCLC diagnosis and first progression/

start of 2L. In addition to the above-described resource

utilization, 18.4% of patients had received ancillary care

with a mean duration of 2.2 days (SD: 1.8 days) per

patient-month. In Sweden, 27.5% of patients utilized hos-

pice care with a mean duration of 2.7 days (SD: 1.6 days)

per patient-month, followed by 15.7% in France with 2.2

days (SD: 1.3 days). The majority of ancillary care was

used during EOL.

Systemic Anti-Cancer Drug Usage
As per study design, all patients received two or more

lines of systemic treatment; 13.6% received third-line

treatment. Consistent with 2016 guidelines by the

European Society for Medical Oncology,8 platinum-based

doublet chemotherapy was the most common first-line

(1L) treatment and docetaxel, the most common 2L treat-

ment in all countries.

Costs Related to aNSCLC and Cost

Drivers
Having multiplied the systemic anti-cancer drug usage and

HCRU units by the weighted average unit costs across

countries, the mean per-patient costs related to aNSCLC

over the follow-up period for 2L+ patients amounted to

€21,273 (SD: €34,981; median: €13,235; Figure 1) or

€1,293 per patient-month. Mean per-patient total costs

were lowest in England (€17,761; SD: €11,135; median:

€15,723; mean per patient-month: €1,169) and highest in

Sweden (mean: €30,854; SD: €21,443; median: €28,254;
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mean per patient-month: €1447). The histology-specific

analysis showed that mean total costs were substantially

lower for SQ patients (€15,446; SD: €25,810; median:

€8,748; mean per patient-month: €915) compared to

NSQ patients (mean: €26,477; SD: €40,820; median:

€19,604; mean per patient-month: €1631). Costs for sys-

temic anti-cancer medication accounted for 77.4% of mean

costs per patient (SQ: 74.1%; NSQ: 79.1%), followed by

ancillary care (7.6% of total mean costs), radiotherapy

(7.0%), and hospitalizations (4.5%) as the next largest

cost contributors (Figure 2). Similar to the total costs,

costs were much lower in SQ patients than in NSQ

patients both pre- and post-progression. During EOL,

costs were similar between histologies (Figure 3). SQ

patients accrued 52.1% of total mean costs pre-

progression, 38.9% post-progression (prior to start of

2L), and 9.0% during EOL. NSQ patients accrued 54.8%

pre-progression, 38.2% post-progression, and 7.0% dur-

ing EOL.

While ISC-IASLC stage and ECOG PS were not sig-

nificant predictors of total costs from aNSCLC diagnosis

to most recent visit/death in the bivariate analyses (step 1),

they were still included in the final model (step 4). In this

final multivariable model, SQ histology, public insurance

status, advanced age (age categories “65–79 years” and

“>79 years”), presence of EGFR mutation, a history of

alcohol abuse, and being diagnosed in 2010, predicted

significantly lower total costs per patient (Figure 4).

Table 3 aNSCLC-Related Health Care Resource Utilization per 2L+ Patient (Overall, by Histology and by Country)

Resource No. (%) of Patients

Overall

(N = 973)

By Histology By Country

NSQ

(n = 514)

SQ

(n = 459)

France

(n = 191)

Germany

(n = 225)

Italy

(n = 220)

Spain

(n = 199)

England

(n = 52)

Netherlands

(n = 57)

Sweden

(n = 29)

Hospitalization 157 (16.1) 90 (17.5) 67 (14.6) 15 (7.9) 24 (10.7) 17 (7.7) 40 (20.1) 26 (50.0) 20 (35.1) 15 (51.7)

ED visit 84 (8.6) 49 (9.5) 35 (7.6) 8 (4.2) 16 (7.1) 7 (3.2) 18 (9) 12 (23.1) 17 (29.8) 6 (20.7)

Biomarker testing 483 (49.6) 335 (65.2) 148 (32.2) 114 (59.7) 99 (44.0) 109 (49.5) 90 (45.2) 24 (46.2) 31 (54.4) 16 (55.2)

Diagnostic

proceduresa

591 (60.7) 307 (59.7) 284 (61.9) 151 (79.1) 158 (70.2) 123 (55.9) 135 (67.8) 0 (0) 12 (21.1) 12 (41.4)

Surgery 37 (3.8) 15 (2.9) 22 (4.8) 11 (5.8) 22 (9.8) 1 (0.5) 1 (0.5) 2 (3.8) 0 (0) 0 (0)

Radiotherapy 201 (20.7) 112 (21.8) 89 (19.4) 38 (19.9) 29 (12.9) 33 (15) 40 (20.1) 26 (50.0) 20 (35.1) 15 (51.7)

Referrals 81 (8.3) 55 (10.7) 26 (5.7) 10 (5.2) 10 (4.4) 14 (6.4) 4 (2.0) 24 (46.2) 16 (28.1) 3 (10.3)

Ancillary servicesb 179 (18.4) 95 (18.5) 84 (18.3) 33 (17.3) 30 (13.3) 56 (25.5) 28 (14.1) 9 (17.3) 10 (17.5) 13 (44.8)

Notes: aPost-diagnosis; bAncillary services include nursing homes, hospices, and rehabilitation centres. The mean number of HCRU per person-month related to aNSCLC is

provided in the Supplementary Materials.

Abbreviations: 2L+, two or more lines of treatment; aNSCLC, advanced non-small-cell lung cancer; ED, emergency department; NSQ, non-squamous; SQ, squamous.
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Figure 1 Total mean per-patient costs related to aNSCLC from aNSCLC diagnosis to most recent visit or death (overall, by histology and by country).
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Geographical location was also a meaningful driver: rela-

tive to Germany, receiving treatment in Spain was an

independent significant predictor of higher total costs

from aNSCLC diagnosis to most recent visit/death.

When performing the same analysis on costs per

patient-month, all variables from the earlier analysis

(except age category “65–79 years”) and presence of ana-

plastic lymphoma kinase (ALK) mutation were significant

predictors for lower costs (Figure 5). An ECOG PS ≥1 and

treatment in France or Italy were additional significant

predictors for increased costs.

When restricting the analyses to patients with complete

data/who died (sensitivity analysis), the mean per-patient

costs related to aNSCLC over the follow-up period were

similar to those of the overall cohort, amounting to €

21,728 (SD: €37,615; median: €13,691). Similarly to the
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€ 1,619

€ 1,406

€ 1,809

€ 1,486
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Figure 2 Total per-patient costs related to aNSCLC by cost category (mean values, overall and by histology).

Abbreviation: ED, emergency department.
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Figure 3 Median costs related to aNSCLC per 2L+ aNSCLC patient by histology and treatment period.

Abbreviations: 2L+, two or more lines of treatment; EOL, end of life.
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overall population, public insurance, presence of EGFR or

ALK mutation, SQ histology, advanced age (“>79 years”),

and being diagnosed in 2010 predicted significantly lower

total costs per patient-month. In addition, being a former

smoker predicted significantly lower costs, whereas

a history of alcohol abuse was not a significant predictor

Figure 4 Forest plot of prognostic factors for costs related to aNSCLC from aNSCLC diagnosis to most recent visit/death: total costs per patient. P-value reflects the

significance of each explanatory variable, under the assumption that all other variables entered in the model equation are present.

Abbreviations: CI, confidence interval; ECOG PS, Eastern Cooperative Oncology Group performance status; EGFR, epidermal growth factor receptor gene; ISC-IASLC,

International Staging Committee of the International Association for the Study of Lung Cancer; NSQ, non-squamous; SQ, squamous.

Figure 5 Forest plot of prognostic factors for costs related to aNSCLC from aNSCLC diagnosis to most recent visit/death: total costs per patient-month. P-value test for

the significance of each explanatory variable, under the assumption that all other variables entered in the model equation are present.

Abbreviations: ECOG PS, Eastern Cooperative Oncology Group performance status; EGFR, epidermal growth factor receptor gene; ISC-IASLC, International Staging

Committee of the International Association for the Study of Lung Cancer; NSQ, non-squamous; SQ, squamous.
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(p = 0.088). Treatment in Spain or Italy was a significant

predictor for increased costs.

Discussion
Our retrospective real-world study utilized data from an era

prior to the introduction of immunotherapy and reflects the

role of systemic anti-cancer medication as a major compo-

nent of total costs for aNSCLC treatment across Europe

among those patients who had progressed to 2L treatment.

Advanced age (≥65 years), SQ histology, public insurance,

alcohol abuse, diagnosis in 2010, and presence of EGFR

mutation predicted significantly lower total costs per patient.

Using average weighted unit costs allowed identification of

significant differences across countries that are driven by

differences in units of resource use, as opposed to also

reflecting the heterogeneity in cross-country costs.

Significant cost differences between SQ and NSQ patients

were observed in all countries except Spain. To investigate

OS as a confounder of the cost driver analysis, total costs per

patient-month were also analyzed (Figure 5). All variables

remained significant, indicating that they played a role inde-

pendent of OS in the prediction of costs. The results of the

sensitivity analysis demonstrate the robustness of the results.

Costs for systemic anti-cancer medication presented

the primary cost driver in this real-world study. This find-

ing may partially be due to the focus on a study population

that received two or more lines of treatment, and data that

were collected by oncologists/pulmonologists who pre-

scribed systemic anti-cancer drugs. Our findings are, how-

ever, in line with costing studies in the Netherlands and

Italy.9,10 Similar to our study, both studies identified sys-

temic anti-cancer medication as the main cost driver. The

total costs of €25,859 (Italy)9 and €17,463 (The

Netherlands)10 are similar to our unweighted results

when taking into account their observation times and addi-

tional cost items—in the Italian study,9 15% of 1L costs

were due to chemotherapy administration and 9% due to

concomitant medication, which our study did not include

in cost analysis.

The impact of disease stage and performance status on

costs remains ambiguous. In our study, the additional identi-

fication of ECOGPS ≥1 as a predictive factor for higher costs
suggests that a more impaired patients’ functional status

translates into increased costs. This trend was also found in

a chart review study in the United States of aNSCLC patients

with at least one line of erlotinib or afatinib.11 A chart review

study of hospital-based costs from Brazil, however, sug-

gested an effect of ECOG PS = 2 leading to lower total

costs, which were potentially due to delayed rather than

avoided costs.12 ISC-IASLC disease stage was not

a significant predictor in our study, potentially due to the

study being restricted to patients with stage IIIB/IVaNSCLC,

but was found a significant predictor in other chart

reviews.12,13 It may be that ISC-IASLC disease stage impacts

indirect costs14 or that ECOG PS was not included as an

independent variable in these studies. While other studies

identified alcohol abuse as a prognostic factor for higher

HCRU costs, it was correlated with significantly lower

costs (total and per patient-month) in our study.15,16 This

finding may partly be explained by different extraction pat-

terns, since patients with a history of alcohol abuse in our

sample had both shorter OS and less HCRU recorded by the

physician. Therefore, the trend is slightly less pronounced

when analyzing per patient-month. Since no standardized

measure of drinking pattern has been adopted, comparability

across studies is limited.17

The presence of EGFR mutation was found to be

a significant predictor of lower total costs. This result

may partly be explained by the high presence of EGFR

mutation in our sample. Our study included both a higher

percentage of patients who received EGFR biomarker

mutation testing (NSQ: 80.2%; SQ: 26.2%), and of pre-

sence of EGFR mutation (NSQ: 31.1%; SQ: 10.2%) than

reported in literature, indicating a potential selection bias

of patients with better outcomes and lower total costs.18

The increasing use of EGFR mutation tests and treatment

with tyrosine-kinase inhibitors (TKIs) may also lead to

higher treatment costs than found in our sample.

Having private or supplemental insurance was

a significant predictor for increased costs (total and per

patient-month) in our study. The percentage of patients

with unknown insurance status was highest in England

(40.4%), where all residents are insured through the

National Health Service. It was thus assumed that patients

with reported unknown insurance status had no private or

supplemental insurance. This assumption may lead to

uncertainty around the parameter estimates. The observed

significance of having been diagnosed in the year 2010, as

a predictor of lower costs, might be due to potential

differences in mortality rates or completeness of data

records.

Strengths and Limitations
A retrospective chart review is an efficient, reliable, and

verifiable method of data collection. Medical charts are

often the best sources of information for documentation of
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cancer treatments and clinical outcomes. The information

collected in the LENS study with regards to detailed

aNSCLC characteristics such as histology, ECOG PS, pre-

sence of biomarker mutation, reasons for prescribing/dis-

continuing therapy, and HCRU would not be available in

most European registries. However, the study does have

limitations. Some parameters which may influence

aNSCLC-related costs such as comorbid complications

(eg, diabetes COPD, and cardiac conditions) and systemic

treatment administration costs were not included in the data

collection and could not be accounted for in the analyses.

Still, this study fills a gap in existing knowledge of current

treatment patterns, clinical outcomes, and HCRU in Europe

among patients diagnosed with aNSCLC.

Though efforts were made to ensure physician/patient

inclusion criteria were based on random selection, there

are risks of selection bias. For example, 96% of LENS

study sites were hospital-based; this is a good representa-

tion of real-world treatment, as few NSCLC patients are

treated outside of hospital environments, but the study

outcomes should not be generalized to patients in other

practice settings. Selection bias also may have contributed

to the high percentages of patients with EGFR mutations

in our study. Validation study results showed that we were

more likely to capture patients who were still alive, tend-

ing to oversample patients with complete charts.19 If muta-

tions are associated with better outcomes, that might

explain the higher proportions of patients with mutations

in our study. Our validation study also concluded that

physicians more often included patients who received

mutation testing.19 The LENS study may also face

a certain bias risk towards patients who were diagnosed

late in the inclusion period.

Medical chart abstraction reflects the patterns of coun-

try-specific care provision and funding, as known to the

participating oncology/pulmonology practices and may

capture real-world use of health care resources by patients

to a varying degree. In particular, ancillary care reporting

conventions vary by country.20 The costs are estimated

based on average weighted costs per unit at the time of

data collection and may not reflect the costs incurred to

payers or contemporary costs. Additionally, it should be

noted that outpatient physician visits and supportive care

were not included in the presented costs, as this informa-

tion was not collected in sufficient detail to be able to cost.

However, this study’s large geographical scope and

consistent data collection method facilitate cross-country

comparisons within Europe, identification of cost drivers

of SQ and NSQ aNSCLC patients, and a detailed assess-

ment of underlying clinical characteristics and treatment

patterns of these patients.

Conclusions
LENS is the first RWE study covering detailed HCRU and

cost data among SQ and NSQ aNSCLC 2L+ patients

receiving the standard of care prior to the availability of

immunotherapy in Europe. In line with results from

national European chart review studies,2,9 systemic

(mostly guideline-consistent) treatment and ancillary care

accounted for the majority of total costs. The majority of

costs were accrued prior to start of 2L. NSQ patients

incurred significantly higher total median costs than SQ

patients in all participating countries, and higher mean

costs in all countries except Spain, where median costs

were slightly higher for SQ patients.

Insurance status, presence of EGFR mutation, SQ histol-

ogy, age, history of alcohol abuse, and year of diagnosis were

significant predictors for lower treatment and HCRU costs

per patient-month from aNSCLC diagnosis to most recent

visit/death. An ECOG PS ≥1 and country in which treatment

was received were significant predictors for higher costs.

Other clinically relevant characteristics such as sex, smoking

history, and ISC-IASLC disease stage were not significant

predictors of total costs. Since little is known about the

relationship of HCRU and cost drivers of aNSCLC treat-

ment, ongoing real-word assessments are needed to capture

changes in HCRU patterns and costs to provide guidance in

the rapidly evolving treatment landscape for aNSCLC.
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