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Background: Although various studies have demonstrated that the clinical efficacy of immune checkpoint
inhibitors (ICIs) improves the prognosis of patients with non-small cell lung cancer (NSCLC), studies
on the financial aspects based on large population-based data are needed. This study aimed to analyze
the differences in medical expenses and the effect of ICIs on the prognosis of patients with advanced or
metastatic NSCLC.

Methods: Patients newly diagnosed with stage IIIB or IV NSCLC who received palliative chemotherapy
between 2013 and 2020 were selected from the nationwide database of the population covered by the Korean
National Health Insurance Service. Interrupted time-series analysis was performed to evaluate the effects of
subsequent ICI use after platinum-based cytotoxic chemotherapy (CC) on overall mortality. Progression-free
survival and medical expenditure were also assessed.

Results: In the final study population, 2,485 and 4,812 patients were included in the ICI and non-ICI
groups, respectively. ICI treatment significantly lowered the risk of death [adjusted hazard ratio, 0.79; 95%
confidence interval (CI): 0.75-0.84]. And the ICI-treated patients were less likely to experience disease
progression (adjusted odds ratios, 0.92; 95% CI: 0.85-0.99). Furthermore, after the introduction of ICIs,
both total and cancer-related medical expenses per capita showed an increasing trend [B: $4.56K, standard
error (SE): $0.27K, P<0.0001 and B: $4.54K, SE: $0.27K, P<0.0001, respectively].

Conclusions: Subsequent ICI use after platinum-based CC improved the overall survival rate of patients
with advanced NSCLC. With the increasing burden of individual medical expenses, further research is

required to identify patients for whom ICI treatment may be effective.
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Introduction
Background

Lung cancer is the most common carcinoma worldwide in
terms of the morbidity and mortality associated with it (1,2).
According to the Korea Cancer Registry, lung cancer has
the third highest incidence among all carcinomas and is the
most common cause of cancer-related death in the country
(3,4). The crude incidence rate of lung cancer is increasing
among both men and women every year, and it is expected
to increase further after the introduction of the national
lung cancer screening project in July 2018 (5).

Since the 2000s, research advances in biomarkers, such
as EGFR, ALK, RET, BRAF, ROS1, NTRK, MET, and
KRAS, to select patients for targeted and immunotherapy-
based treatment have changed the treatment paradigm for
non-small cell lung cancer (NSCLC) (6-8). Nevertheless,
platinum-based chemotherapy regimens have been the
mainstay treatments for most patients with NSCLC
for whom an identifiable targeted therapy (T'T) is not a

Highlight box

Key findings

e Immune checkpoint inhibitors (ICI) treatment led to longer
survival and better prognosis in terms of overall survival and
progression-free survival compared with cytotoxic chemotherapy
(CC). However, the retention rate of ICIs was lower than targeted
therapy (T'T). Additionally, with ICI treatment, the increase in
medical expenses for lung cancer treatment was higher than that
with TT.

What is known and what is new?

® The survival benefit of subsequent ICI use after platinum-based
CC is well established in patients with advanced non-small cell
lung cancer.

¢ Our study found changes in the patterns of chemotherapy drug
prescriptions after the coverage expanded, with a significant
increase in annual medical expenses per patient.

What is the implication, and what should change now?

* Considering that a significantly higher medical cost was observed
after ICI therapy, extensive profiling of T'Ts and ICIs is essential
to improve the selection and sequencing of treatments, reduce the
likelihood of ineffective therapies, and enhance patient outcomes.
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treatment option. For decades, the median overall survival
(OS) for advanced or metastatic disease has been less than
2 years (9,10).

The development of immune checkpoint inhibitors (ICIs)
has dramatically changed the landscape of lung cancer
treatment, demonstrating OS benefit (11,12). After ICIs
were shown to improve OS and progression-free survival
(PFS) when administered as second- and subsequent
lines of treatment compared with chemotherapy, the US
Food and Drug Administration approved nivolumab and
pembrolizumab in 2015, the first two monoclonal antibodies
targeting programmed cell death protein 1 (PD-1), for
patients with advanced NSCLC (13-16). In the Republic of
Korea, ICIs have been available as a second-line treatment
for patients with advanced and metastatic lung cancer since
July 2016.

Rationale and knowledge gap

Although various studies have demonstrated that the clinical
efficacy of ICIs contributes to improving the prognosis of
patients with NSCLC, more studies on the financial aspects
based on large population-based data are needed (17-19).

Objective

This study aimed to analyze the differences in medical
expenses and the effect of ICIs on prognosis improvement
in patients with advanced or metastatic NSCLC. We
present this article in accordance with the STROBE
reporting checklist (available at https://tlcr.amegroups.com/
article/view/10.21037/tler-23-686/rc).

Methods
Data source and study design

All Korean residents are enrolled in the Korean National
Health Insurance Service (NHIS) and given a unique
identification number at birth. Data accompany claims
on fully adjudicated medical and pharmacy claims in the
Republic of Korea, including general demographic data, the
10th revision of the International Statistical Classification
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of Diseases (ICD-10) and Related Health Problems
codes, medical institution type, medications prescribed,
medical cost, and mortality. This retrospective cohort
study evaluated nationwide data from the Korean NHIS.
All outpatients and hospitalized patients with lung cancer
between 2010 and 2020 were identified.

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013), and was
approved by the Institutional Review Board of the NHIS
Ilsan Hospital (NHIMC 2022-10-015). Individual consent
for this retrospective analysis was waived.

Case identification

A flowchart of the identification of the study population
is shown in Figure 1. Among the 346,505 patients with
lung cancer who were initially screened, 102,964 assigned
diagnostic codes for lung cancer (C34) before 2013 were
excluded. Patients without a history of cancer-related
diagnostic procedures or chemotherapeutic treatment
and those with cancer diagnostic codes other than that
for lung cancer were excluded. The billing codes used
for the diagnosis were biopsy methods using fiberoptic
bronchoscopy and computed tomography-guided needle
aspiration. The treatment billing codes consisted of
lung surgery and radiotherapy (body or brain), and the
prescribed drugs were paclitaxel, pemetrexed, gemcitabine,
docetaxel, erlotinib, afatinib, ceritinib, crizotinib, gefitinib,
pembrolizumab, and nivolumab. The remaining 139,783
patients were selected as patients newly diagnosed with
NSCLC between January 1, 2013, and December 31, 2020.

Patients who underwent lung surgery were considered
as having early-stage NSCLC; those who received
concurrent chemoradiation therapy as having locally
advanced NSCLC; and those who received only systemic
cytotoxic chemotherapy (CC), TT, or ICI appropriate
for NSCLC as having metastatic or recurrent disease.
Therefore, to identify patients with stage IIIB or IV
NSCLC, the following operational definitions were
used: (I) first-ever administration of T'Ts such as afatinib,
ceritinib, crizotinib, erlotinib, or gefitinib; (II) use of CC
such as paclitaxel, pemetrexed, gemcitabine, docetaxel,
irinotecan, or etoposide administered at least 180 days
after radiation therapy or resection surgery of the lung
parenchyma; (III) first-ever administration of CC without a
history of radiation therapy or resection surgery of the lung
parenchyma; (IV) conditions (I), (II), and (IIT) were started
after January 1, 2013; and (V) the observation duration was
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at least 6 months long. Overall, 49,842 patients were found
to have been diagnosed with stage IIIB or IV NSCLC and
received palliative chemotherapy.

To evaluate the effect of ICIs as second-line
chemotherapeutics, patients who met the following criteria
were further screened as patients treated with second-line
chemotherapeutics: (I) initial chemotherapy started after
January 2016, (II) ICI was not administered as first-line
chemotherapy, (III) TT was not administered as first-line
chemotherapy, (IV) history of second-line chemotherapy,
(V) ICIs were not administered as third (or higher)-line
chemotherapy and (VI) atezolizumab was not administered.
A total of 7,297 patients who were diagnosed with stage
IIB or IV NSCLC and received second-line chemotherapy
were included in the final study population. Among
them, 2,485 and 4,812 patients were divided into groups
depending on their history of ICI administration as second-
line chemotherapeutics.

Charlson comorbidity index (CCI)

The CClI is a widely used prognostic model that predicts the
1-year mortality risk, depending on individual comorbidities.
Each comorbidity was scored, and the CCI was
calculated by summing the comorbidity scores (Table SI).
Because of its usefulness in measuring the effects of
comorbidities on mortality by using an administrative
database, including ICD-10 codes, the CCI was adopted as
a variable (20,21).

Covariates

Age, sex, income level, type of hospital, hypertension,
diabetes, chronic obstructive pulmonary disease (COPD),
chronic kidney disease (CKD), congestive heart failure
(CHF), cerebrovascular disease, stage, and brain metastasis
were used as adjustment variables. Additionally, sensitivity
analysis was conducted on 4,644 individuals with available
smoking history data to examine the impact of smoking.
The results of this analysis have been provided in the
supplementary tables (Tables S2,53).

Clinical outcomes

The primary outcome was the difference in overall
mortality between patients with advanced NSCLC who did
and did not use ICIs subsequently after platinum-based CC.
Secondary outcomes included PFS and medical expenditure.
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during 2010-2020
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diagnosis “C34” after 2013 —»| 102,964 excluded

Newly diagnosed NSCLC patients
N=243,541

History of treatment or
i for lung

71,386 excluded

cancer

Newly diagnosed NSCLC patients

with cancer-related management
N=172,155

Having chemotherapeutic

regimens not used for NSCLG 32,372 excluded

or other cancer diagnostic
codes except for “C34”

NSCLC patients with chemotherapy
regimen matching for NSCLC
N=139,783

1) Targeted therapies such as afatinib, dacomitinib, alectinib, ceritinib, crizotinib, erlotinib, or gefitinib
were administered as first-line therapy

OR
2) Cytotoxic chemotherapeutics such as paclitaxel, pemetrexed, gemcitabine, docetaxel, irinotecan, or
etoposide was again administered at least 180 days after body radiation therapy or lung operation
OR
3) Cytotoxic ics were first ever without previous history of body radiation
therapy or lung operation
4) Above 1), 2), 3) conditions should begin after Jan. 2013
5) Observation duration is longer than 6 months

89,941 excluded |

Stage IIIB or IV NSCLC
19,84

1) Initial chemotherapy started after 2016
2) Immune checkpoint inhibitor (ICI) was not administered as 1st line chemotherapy

3) Targeted therapy was not administered as 1* line chemotherapy
4) Patients with history of 2™ line chemotherapy

5) ICl was not administered as 3 (or above) line chemotherapy

6) Patients without administration of atezolizumab among ICIs

42,545 excluded

Final study population
: Stage lIB or IV NSCLC patients administered with ICI,
targeted therapy, or cytotoxic chemotherapy as 2™-line treatment

N=7,297
Patients with ICIs Patients without ICls
(Study group) (Control group)
N=2,485 N=4,812

Figure 1 Flowchart of the study population. NSCLC, non-small cell lung cancer.
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In the analysis related to PFS, disease progression was
defined as when a patient’s regimen was changed again
during the secondary regimen.

Statistical analysis

The variables in each group were compared using a
chi-squared test. Analysis of variance (ANOVA) was used
to analyze the differences in OS, PFS, and cost differences
between groups. An interrupted time series (I'TS) analysis
was used to evaluate the longitudinal impact of introducing
a cost exemption policy. I'TS is regarded as one of the most
robust quasi-experimental designs to assess the effect of an
intervention (22,23). In an I'TS analysis, data are arranged
at evenly spaced time intervals and separated into segments
by the intervention. The analysis assessed the short-term
impact of the intervention, as measured by a change in the
level, and the over-time effect, as measured by a change
in the trend (i.e., slope) after the intervention (24). Cox
proportional hazard models were fitted to estimate the
mortality and disease progression. The results are reported
as adjusted hazard ratio (HR) with a 95% confidence
interval (CI). All statistical analyses were performed using
SAS version 9.4 (SAS Institute Inc., Cary, NC, USA) at a
significance level of 5%.

Results
Baseline characteristics of the study population

Overall, 7,297 patients newly diagnosed with advanced
NSCLC after 2016 were included in this study. Patients
who received ICIs as second-line chemotherapeutics
(n=2,485) were compared with those who did not receive
ICIs (Figure I). Older male patients over 60s accounted for a
large proportion of both groups. The proportion of patients
with stage IV disease was significantly higher in the ICI
group than in the non-ICI’s (98.2% vs. 94.7%, P<0.0001).
However, the two groups did not differ significantly in
income level, care level, or CCI (Zable I). In the ICI group,
961 and 1,524 patients were treated with nivolumab and
pembrolizumab, respectively. In the non-ICI group, 3,665
and 1,147 patients received CC and T'T, respectively, as
second-line treatments (Table S4).

Survival outcomes

Tuble 2 showed survival outcomes including OS and PFS.

© Translational Lung Cancer Research. All rights reserved.

The median OS duration was the longest in the TT group
(15.5£16.7 months) and shortest in the CC group (11.2+
13.2 months). In the ICI group, the median OS durations
for nivolumab (11.7£12.0 months) and pembrolizumab
therapy (12.9+12.3 months) were shorter than those for T'T
and longer than those for CC. Likewise, the PFS duration
was the longest in the TT group (9.4+12.3 months) and
the shortest in the CC group (6.7£9.2 months). In the
ICI group, the median PFS durations for nivolumab (7.7+
10.1 months) and pembrolizumab (9.0£10.9 months)
therapy were shorter than those for T'T and longer than
those for CC. Kaplan-Meier analysis revealed that the
ICI group had a significantly longer survival time than
the non-ICI group. When analyzed by detailed drug, the
survival time of pembrolizumab and nivolumab was longer
than that of CC, and TT showed a similar survival rate to
pembrolizumab (Figure 2). Kaplan-Meier analysis of PFS
also showed that the ICI group was superior to the non-ICI
group, and pembrolizumab had the highest proportion
of patients with long-term survival without progression

(Figure 3).

Risk factors associated with survival outcomes

Old age (=60 years) and male sex were identified as risk
factors for an increased risk of death. However, the ICI
group had a lower risk of death than the non-ICI group (HR:
0.79; 95% CI: 0.75-0.84) (1able 3). Moreover, ICI group
had a lower risk of disease progression than the non-ICI
use group (HR 0.92; 95% CI: 0.85-0.99) (Table 4). When
analyze with specific drugs, T'T and pembrolizumab were
associated with lower risks of disease progression (OR: 0.81,
P<0.0001; OR: 0.81, P<0.0001) and mortality than CC (OR:
0.78, P<0.0001; OR: 0.70, P<0.0001). However, nivolumab
only reduced the risk of death (OR: 0.84, P<0.0001)
(Tables S5,S6).

Trends in chemotherapeutic use and medical expenses

After the NHIS-approved ICI reimbursement in 2017,
the number of patients receiving ICIs following platinum
chemotherapy gradually increased, while the number of
patients receiving CC alone decreased (Figure 4). Regarding
medical expenses, patients who received ICIs had higher
overall medical expenses than those who did not receive
them. Compared with non-ICI treatment groups, the
total medical expenses were higher in patients receiving
ICI treatment ($69.83K in the pembrolizumab group and
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Table 1 Baseline characteristics of the total study population

Variables Total ICI group Non-ICI group P value
Total 7,297 2,485 4,812 <0.0001
Age, years (mean + SD) 65.6+9.5 66.8+9.5 65.1+9.6 <0.0001
<40 83(1.1) 20 (0.9) 63 (1.3)
40-49 338 (4.6) 98 (3.9) 240 (4.9)
50-59 1,346 (18.4) 400 (16.1) 946 (19.6)
60-69 2,789 (38.2) 908 (36.5) 1,881 (39.0)
>70 2,741 (37.6) 1,059 (42.6) 1,682 (34.9)
Sex
Male 5,931 (81.3) 2,104 (84.6) 3,827 (79.5) <0.0001
Female 1,366 (18.7) 381 (15.3) 985 (20.4)
Income level
Medical-aid 394 (5.4) 141 (5.6) 253 (5.2) 0.738
1Q 1,340 (18.4) 449 (18.0) 891 (18.5)
2Q 1,447 (19.8) 479 (19.2) 968 (20.1)
3Q 1,819 (24.9) 618 (24.8) 1,201 (24.9)
4Q (richest) 2,297 (31.5) 798 (32.1) 1,499 (31.1)

Level of care

Secondary hospital 2,388 (32.7) 841 (33.8) 1,547 (32.1) 0.333
Tertiary hospital 4,909 (67.3) 1,644 (66.1) 3,265 (67.8)
Comorbidity
Hypertension 3,910 (53.5) 1,344 (54.0) 2,566 (53.3) 0.006
Diabetes 3,139 (43.0) 1,101 (44.3) 2,038 (42.3) 0.001
COPD 1,553 (21.2) 534 (21.4) 1,019 (21.1) 0.374
CKD 153 (2.0) 67 (2.7) 86 (1.7) <0.0001
CHF 870 (11.9) 318 (12.8) 552 (11.4) 0.012
CVD 1,337 (18.3) 464 (18.6) 873 (18.1) 0.007
CCl
6 449 (6.1) 154 (6.2) 295 (6.1) 0.440
7 783 (10.7) 269 (10.8) 514 (10.6)
>8 6,065 (83.1) 2,062 (82.9) 4,003 (83.1)

Cancer stage

Stage IlIB 295 (4.0) 44 (1.7) 251 (5.2) <0.0001
Stage IV 7,002 (95.9) 2,441 (98.2) 4,561 (94.7)
Brain metastasis 106 (1.4) 38 (1.5) 68 (1.4) 0.267

Data are presented as n (%) unless otherwise stated. ICI, immune checkpoint inhibitor; 1Q, first quintile; 2Q, second quintile; 3Q, third
quintile; 4Q, fourth quintile (richest); COPD, chronic obstructive pulmonary disease; CKD, chronic kidney disease; CHF, congestive heart
failure; CVD, cerebrovascular disease; CCl, Charlson comorbidity index.
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Table 2 Survival outcomes and medical expenses among the study groups

Outcomes Cytotoxic chemotherapy Targeted therapy Nivolumab Pembrolizumab P value*
(N=3,665) (N=1,147) (N=961) (N=1,524)
Overall survival (months) 11.2£13.2 15.5+£16.7 11.7£12.0 12.9+£12.3 <0.0001
Progression-free survival (months) 6.7+£9.2 9.4+12.3 7.7+10.1 9.0+10.9 <0.0001
Individual annual medical costs (USD)
Total treatment 39.51K 41.12K 54.11K 69.83K <0.0001
Cancer-related treatment 38.43K 39.84K 52.81K 68.53K <0.0001

*, The P values were calculated using ANOVA (analysis of variance).
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Figure 2 One-year survival rate depending on the type of second-line chemotherapeutics following platinum-based chemotherapy. (A)
Immune-checkpoint inhibitors, (B) specific drugs. ICI, immune checkpoint inhibitor.
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Figure 3 Progression-free survival rate depending on the type of second-line chemotherapeutics following platinum-based chemotherapy. (A)
Immune-checkpoint inhibitors; (B) specific drugs. ICI, immune checkpoint inhibitor.

© Translational Lung Cancer Research. All rights reserved. Transl Lung Cancer Res 2024;13(1):46-59 | https://dx.doi.org/10.21037/tlcr-23-686



Translational Lung Cancer Research, Vol 13, No 1 January 2024 53
Table 3 Risk factors associated with all-cause mortality Table 4 Risk factors associated with disease progression
Overall survival Disease progression
Variables Adjusted 95% Cl P value Variables Adjusted 95% ClI P value
HR Low  High HR Low  High
ICl use 0.79 0.75 0.84 <0.0001 ICl use 0.92 0.85 0.99 0.035
Age (years) Age (years)
<40 Ref. <40 Ref. - -
40-49 0.97 0.74 1.27 0.828 40-49 1.03 0.75 1.40 0.841
50-59 1.1 0.86  1.42 0.403 50-59 1.00 0.75 1.34 0.971
60-69 1.28 1.00 1.64 0.044 60-69 0.91 0.68 1.22 0.547
>70 1.48 116 1.90 0.001 >70 0.74 0.55 1.00 0.050
Sex Sex
Male 1.27 118  1.36 <0.0001 Male 1.01 0.93 1.10 0.689
Female Ref. Female Ref. - -
Income level Income level
Medical-aid 1.1 099 125 0.070 Medical-aid 1.04 0.88 1.23 0.599
1Q 1.06 099 1.15 0.088 1Q 0.99 0.90 1.10 0.960
2Q 1.04 097 1.12 0.231 2Q 1.06 0.96 1.17 0.230
3Q 1.04 097 1.12 0.185 3Q 1.01 0.92 1.10 0.821
4Q (richest) Ref. - - 4Q (richest) Ref. - -
Type of hospital Type of hospital
Secondary hospital 1.00 0.95 1.06 0.738 Secondary hospital 0.96 0.89 1.03 0.311
Tertiary hospital Ref. Tertiary hospital Ref. - -
Comorbidity Comorbidity
Hypertension 1.01 0.95 1.06 0.727 Hypertension 1.03 0.96 1.12 0.340
Diabetes 1.03 097 1.09 0.259 Diabetes 0.96 0.88 1.03 0.313
COPD 1.02 0.96 1.09 0.404 COPD 0.90 0.82 0.99 0.032
CKD 1.14 096 1.36 0.120 CKD 0.94 0.72 1.24 0.709
CHF 1.01 093 1.09 0.806 CHF 0.96 0.85 1.07 0.493
CVvD 1.01 0.94 1.08 0.662 CVD 0.95 0.87 1.05 0.389
CCl CCl
6 1.00 6 Ref. - -
7 0.98 0.86 1.12 0.850 7 0.98 0.84 1.16 0.883
>8 0.99 0.88 1.10 0.884 >8 0.94 0.82 1.09 0.462
Cancer stage Cancer stage
Stage IIIB Ref. Stage IIIB Ref. - -
Stage IV 1.28 1.12 1.46 0.001 Stage IV 0.84 0.72 0.97 0.024
Brain metastasis 0.95 0.77 1.18 0.693 Brain metastasis 0.89 0.67 1.18 0.426

HR, hazard ratio; Cl, confidence interval; 1Q, first quintile; 2Q,
second quintile; 3Q, third quintile; 4Q, fourth quintile (richest);
ICIl, immune checkpoint inhibitor; COPD, chronic obstructive
pulmonary disease; CKD, chronic kidney disease; CHF,
congestive heart failure; CVD, cerebrovascular disease; CClI,
Charlson comorbidity index.
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HR, hazard ratio; Cl, confidence interval; ICI, immune
checkpoint inhibitor; 1Q, first quintile; 2Q, second quintile;
3Q, third quintile; 4Q, fourth quintile (richest); COPD, chronic
obstructive pulmonary disease; CKD, chronic kidney disease;
CHF, congestive heart failure; CVD, cerebrovascular disease;

CCl, Charlson comorbidity index.
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Figure 4 The trend in the number of patients according to the combination of prescribed chemotherapeutics. CC, cytotoxic chemotherapy;

TT, targeted therapy; ICIL, immune checkpoint inhibitor.

$54.11K in the nivolumab group) (Tuble 2). Both total and
cancer-related costs increased after the introduction of
reimbursement for ICIs (total cost: B, $4.56K; SE: $0.27K;
P<0.0001 and cancer-related cost: B, $4.54K; SE: $0.27K;
P<0.0001) (Table 5, Figure 5).

Discussion
Key findings

In this study, we found that the cost and drug retention
rate among patients with NSCLC receiving second-line
treatment can vary depending on the type of treatment
received. ICI treatment led to longer survival and a better
prognosis in terms of OS and PFS compared with CC.
However, the retention rate of ICI appeared to be lower
than that of T'T. Additionally, when using IClIs, the increase
in medical expenses for lung cancer treatment was higher
than that for T'T. Our study found changes in the patterns
of chemotherapy drug prescriptions after coverage expanded
with a significant increase in annual medical expenses per
patient.

Strengths and limitations

To our knowledge, this is the first analysis of medical
resource use and costs based on reimbursed claims for
second-line immunotherapy for treating NSCLC in Korean
patients. However, this study had some limitations. First,
this was a retrospective cohort analysis of reimbursed
claims data. Although predefined and strict operational
definitions using diagnostic codes can help identify patients

© Translational Lung Cancer Research. All rights reserved.

with lung cancer, they are not sufficiently detailed to
accurately determine specific tumor types, disease stages,
treatment responses, or adverse events. Further, there is
a small possibility that stage IIIA patients who received
palliative chemotherapy without definitive radiotherapy
were also included in the study group. The efficacy
and cost analyses did not include patients who received
ICIs without reimbursement or primary treatment. In
addition, considering the recent reimbursement approval,
this study only analyzed the clinical efficacy and cost of
immunotherapy as a secondary drug treatment. Additionally,
regarding medical expenses, the cause of the cost difference
was not accurately explained. However, since March 2022,
the reimbursement criteria have been expanded to include
IClIs as first-line therapy. The impact of this expansion on
health insurance funds, including changes in prescription
rates and costs, requires further analysis.

Comparison with similar research

The five-year survival update from Keynote 010 showed
superior outcomes of ICI therapy for 16.9 months compared
to Docetaxel for 8.2 months in programmed death-ligand
1 (PD-L1) in 50% of patients (25). Our research similarly
demonstrated an OS and PFS advantage of ICI treatment
over chemotherapy. However, it is important to note that
our findings differ from Keynote 010’, indicating a shorter
duration. This inconsistency is supported by other real-
world studies (26,27), consistently aligning with our study
results. Clinical trials focusing on internal validity often
enroll patients with optimal organ function and good
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Table 5 Interrupted time-series regression analysis of mean 1-year medical costs (USD) before and after the introduction of immune-checkpoint

inhibitors
Variables Total cost Cancer-related cost

B SE P value B SE P value
Intervention

Before Ref - Ref -

After 4,560.6 278.6 <0.0001 4,546.0 275.2 <0.0001
Trend before policy 52.5 8.1 <0.0001 49.0 8.0 <0.0001
Trend after policy -4.4 12.0 0.717 -11.3 11.9 0.342
Age (years)

<40 Ref - Ref -

40-49 -2,038.9 699.6 0.003 -2,179.1 691.0 0.001

50-59 -2,724.7 652.4 <0.0001 -2,827.5 644.3 <0.0001

60-69 -3,838.7 647.1 <0.0001 -4,004.1 639.2 <0.0001

>70 -7,884.6 649.7 <0.0001 -8,053.8 641.7 <0.0001
Sex 3,327.6 153.6 <0.0001 3,416.5 151.7 <0.0001

Male

Female Ref. - Ref. -

Income level 174.0 324.6 0.591 -39.4 320.6 0.902

Medical-aid

1Q 648.6 206.7 0.001 663.6 204.1 0.001

2Q 339.4 207.6 0.102 324.3 205.1 0.113

3Q 611.9 192.7 0.001 599.3 190.4 0.001

4Q (richest) Ref. - Ref. -

Type of hospital
Secondary hospital 684.8 151.6 <0.0001 671.3 149.7 <0.0001
Tertiary hospital Ref. - Ref. -

Comorbidities

Hypertension 407.3 162.8 0.012 300.9 160.8 0.061

Diabetes 584.8 159.0 0.0002 469.7 157.0 0.002

COPD 394.8 186.3 0.034 347.7 184.0 0.058

CKD 1,578.4 469.4 0.0008 -65.3 463.6 0.888

CHF -2.2 233.5 0.992 -215.1 230.7 0.351

CVvD -153.9 185.2 0.406 -262.2 182.9 0.151
CCl

Ref - Ref -

7 410.8 351.0 0.241 363.6 346.7 0.294

>8 -63.8 302.4 0.832 -168.3 298.7 0.573
Cancer stage

Stage IlIB Ref - Ref -

Stage IV -10,153.8 506.6 <0.0001 -10,107.7 500.4 <0.0001
Brain metastasis 84.8 568.7 0.881 205.0 561.7 0.715

SE, standard error; USD, United States dollar; 1Q, first quintile; 2Q, second quintile; 3Q, third quintile; 4Q, fourth quintile (richest); COPD,
chronic obstructive pulmonary disease; CKD, chronic kidney disease; CHF, congestive heart failure; CVD, cerebrovascular disease; CCl,
Charlson comorbidity index.
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performance status, excluding or underrepresenting those
encountered in daily practice. This creates a gap between
the efficacy in randomized controlled trials and in the real
world (28). Several studies have reported results similar to
those of our study regarding the efficacy of ICIs according
to PD-L1 testing (29-31). Khozin et 4/. analyzed claims data
to examine treatment patterns and found that most patients
received nivolumab and pembrolizumab in a community
practice setting (31). That study also reported low rates
of PD-L1 immunohistochemistry testing and a shorter
PFES than that reported in pivotal trials of these therapies.
However, long PFS and OS were associated with increased
PD-L1 staining in previous multicenter real-world
studies (32). These findings suggested that although ICIs
are effective in clinical trials, there may be challenges in
replicating these outcomes in real-world clinical practice.
The efficacy of ICIs in patients with NSCLC is limited by
a lack of strongly predictive response markers, resulting in
potential underutilization of effective alternative treatments,
increased risk of suboptimal care, and excessive medical care
Costs.

Previous studies have revealed that up to 60% of patients
with NSCLC do not benefit from ICIs (14,16,33-35).
The KEYNOTE-024 (33) and CheckMate-026 (36) trials
investigated the efficacy of pembrolizumab and nivolumab
in previously untreated patients with NSCLC. While
pembrolizumab resulted in significantly longer PFS and OS
than platinum-based chemotherapy in the KEYNOTE-024
trial, the CheckMate-026 trial did not show any differences
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in efficacy between nivolumab and chemotherapy. The
KEYNOTE-024 trial used a PD-L1 threshold of >50%,
while the CheckMate-026 trial used a cut-off of >1%. The
effectiveness of pembrolizumab can be attributed to the
selection of patients with high PD-L1 levels, inherently
leading to the selection of patients who were more likely
to benefit from immunotherapy than the drug itself.
Therefore, patient selection is crucial for determining the
success of immunotherapy, and high PD-L1 thresholds
should be used to select patients who would highly benefit
from PD-1/PD-L1-TT.

Explanations of findings

Our findings regarding medical expenditure differed from
those of a previous study on costs and medical resource
use associated with NSCLC before and after the approval
of ICIs (37). The study showed that although the cost of
treatment with ICIs was higher than that associated with
other treatments, the total cost of care decreased following
the US Food and Drug Administration’s approval of
ICIs, owing to a reduction in emergency room visits and
hospitalizations among patients with NSCLC. Therefore,
the authors concluded that although ICIs are more
expensive than other drugs, they may reduce overall medical
costs by reducing the use of other healthcare resources.
Our study confirmed that overall medical and cancer-
related medical expenses increased after reimbursement
for ICIs. However, annual cancer-related medical expenses
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decreased after reimbursement, although the difference was
insignificant.

Implications and actions needed

Identifying potential responders to ICIs from among
patients with NSCLC after identifying patients with
oncogenic driver mutations in the EGFR and ALK genes is
recommended because patients with these mutations have
much lower response rates to ICIs and are more likely to
experience increased toxicity. Accordingly, the American
Society of Clinical Oncology and National Comprehensive
Cancer Network guidelines state that patients with NSCLC
should receive oral therapies targeting the EGFR and
ALK genes before receiving ICIs (38-40). In particular, to
achieve better response rates and identify patients who will
show satisfactory responses following T'T, NSCLC practice
guidelines recommend additional testing for a range of
genetic mutations and fusions, including ROSI fusions,
BRAF V600E mutations, ERBB2 (HER2), and KRAS
mutations (when part of a comprehensive panel), NTRKI-3
and RET fusions, and MET amplification. By expanding
testing beyond traditional EGFR and ALK mutations,
healthcare providers can identify patients who would most
likely benefit from TTs and provide personalized treatment
options (38,40,41). In this context, next-generation
sequencing, which is capable of determining specific genetic
mutations or alterations that may drive the growth and
spread of cancer, could be helpful in the management of
NSCLC and may be used to develop T'Ts tailored to each
patient’s unique genetic profile.

Although the emergence of T'Ts and ICIs as treatment
options for NSCLC has led to improved clinical outcomes
in patients receiving conventional chemotherapy-based
therapies, the dramatic increase in treatment-related costs
for both patients and national health insurance is a potential
issue. Based on the results of our study, a significantly
higher medical cost was observed after ICI therapy.
Therefore, extensive profiling of TIs and IClIs is essential
to improve the selection and sequencing of treatments,
reduce the likelihood of ineffective therapies, and enhance
patient outcomes.

Conclusions

Expanding the national insurance coverage to ICIs as
second-line drugs has improved clinical outcomes, including

OS and PFS, in patients with advanced NSCLC. However,
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the results of this study indicate that the annual medical
cost per patient was significantly higher in patients treated
with ICIs than in those treated with TT. In contrast, the
retention rates of ICIs were lower than those of T'T.
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