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Purpose: This study aimed to estimate the costs associated with adverse events (AEs) in advanced lung cancer patients treated with
first-line therapies.

Subjects and Methods: All patients with advanced lung cancer diagnosed between 2011 and 2019 were identified from the Taiwan
National Cancer Registry. First-line treatment was defined as a therapy that began within 30 days before and 90 days after the
diagnosis. We defined a newly-developed AE as one established after first-line treatment had commenced, with the contingency that
the patient had not been diagnosed with the AE within one year prior to the outset of therapy. One patient with a specific AE was
matched on age, sex, and regimens with four patients without the AE. Payments incurred over the same period of time in the two
groups were compared to estimate the AE-related costs.

Results: A total of 27,376 patients receiving first-line targeted therapy, immunotherapy, or chemotherapy were identified. Clinical
characteristics of 15,454 treatment episodes with a specific AE and 61,816 treatment episodes without the AE were well balanced. The
costliest AEs of any severity were sepsis/septicemia, neuropathy, and acute kidney injury, with the respective average incremental
costs of 10101, 9982, and 7839 USD. The costliest severe AEs requiring hospitalization were sepsis/septicemia, interstitial lung
disease/pneumonitis, and neuropathy, with mean incremental costs of 22483, 10645, and 10120 USD, respectively.

Conclusion: Costs associated with AEs in advanced lung cancer patients treated with first-line therapies were substantial. These
estimates could be adopted for future cost-effectiveness analyses of new lung cancer treatments.
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Introduction
Lung cancer is the leading cause of cancer death in the world. More than half of all lung cancer patients are diagnosed in
the advanced stage. For patients with advanced lung cancer who harbor actionable gene alterations, targeted therapies are
the front-line treatment, whereas platinum-doublet chemotherapy has historically been the standard first-line treatment
for patients whose tumors lack actionable gene alterations. Immunotherapy has changed the landscape of treatment for
such patients. Given the increasing use and rising costs of lung cancer treatments, there is a growing demand for studies
on cost-effectiveness which help thoracic oncologists move towards value-based practice when treating patients with
advanced lung cancer.'”

To study the cost-effectiveness of lung cancer treatments, costs associated with adverse events (AEs) need to be
evaluated. Although several previous studies have used real-world data and expert appraisals to estimate AE-related
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some of them have restricted the calculation of such costs to certain AEs or specific regimens.
Additionally, the use of immune checkpoint inhibitors has not typically been taken into consideration. The majority of
studies on the costs associated with AEs have come from North America or Europe. To date, no study has been
conducted in East Asian countries. Values based on populations from Western nations might not be applicable to patients

with advanced lung cancer in Taiwan.
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We hypothesized that the costs associated with AEs were substantial for advanced lung cancer patients treated with
first-line therapies. Based on an incremental approach to eliminating effects other than AEs, we attempted to estimate the
AE-related costs of common first-line regimens and verify our hypothesis. These estimates could be adopted for future
cost-effectiveness analyses of new lung cancer treatments in Taiwan.

Subjects and Methods

Data Source
We used the Taiwan National Cancer Registry database to identify all patients diagnosed with advanced lung cancer
between 2011 and 2019. Lung cancer diagnosis was established according to the International Classification of Diseases
for Oncology, third edition codes of C34.0-C34.3 and C34.8-C34.9, which included small cell lung cancer, squamous
non-small cell lung cancer (NSCLC), and non-squamous NSCLC. Every patient was newly-diagnosed at stage IV
according to the classification provided by the American Joint Committee on Cancer, seventh edition.'* Their baseline
characteristics including age, sex, and Eastern Cooperative Oncology Group (ECOG) performance status were
abstracted. Survival statuses of patients were verified by interlinking the data with the Taiwan National Mortality
Registry database and following up until the end of 2020. We linked each patient’s identifying information to the
Taiwan National Health Insurance (NHI) reimbursement database (2010-2020) for scoring prior 1-year comorbidities
according to the Charlson Comorbidity Index'> and assessing first-line treatment regimens and associated AEs. Notably,
Taiwan NHI reimbursed single-agent pembrolizumab as the first-line treatment for patients with NSCLC and pro-
grammed death-ligand 1 (PD-L1) expression levels > 50% from April 1, 2019.

These databases capture the claims data of 99% of Taiwan’s inhabitants and are representative of the nationwide
population. The Institutional Review Board of National Cheng Kung University Hospital approved the study before its
commencement (A-EX-111-021). Informed consent was waived because of the use of de-identified information.

Defining First-Line Treatment
We used NHI codes to identify the first-line treatment regimens (Supplementary Table 1). Following the algorithm

demonstrated by Davidoff et al,'® first-line treatment was defined as a therapy that began within 30 days before and 90
days after the diagnosis date of lung cancer. It included all regimens received from the first date of therapy to 30 days
after the first date of therapy. We determined the final date of therapy as the point when a different drug began being
administered after 30 days following the first date of therapy, when a 42-day period with no treatment was observed after
the last administration of the regimens, the date when the patient died, or the date when data became unavailable (ie,
December 31, 2020). Discontinuation of part of the first-line treatment did not constitute an end to the treatment. By
using this algorithm, maintenance therapy could be captured as first-line treatment, whereas any switch therapy would be
identified as second-line treatment.

We broadly categorized first-line treatments into targeted therapy, immunotherapy, and intravenous chemotherapy.
Oral chemotherapy was excluded from the analysis. As anti-angiogenesis agents were not reimbursed by the NHI, we
could not identify these drugs. Additionally, the NHI did not reimburse targeted therapy or immunotherapy in combina-
tion with chemotherapy doublet or single-agent chemotherapy. We were thus unable to capture these combination
regimens.

|dentifying Adverse Events

Adverse events selected for the analysis were those with an expected incidence rate of > 10% after any first-line regimens
according to UpToDate Clinical Decision Support.'” The NHI reimbursement data retain five main diagnoses for
inpatient visits and three main diagnoses for outpatient or emergency visits. Using the codes of the International
Classification of Disease, ninth and tenth editions (Supplementary Table 2), we identified AEs according to the presence

of any diagnoses. We defined a newly-developed AE as a diagnosis which was established after first-line treatment had
commenced and had experienced no previous AE within one year prior to the outset of therapy (Supplementary
Figure 1). Severe AE denotes an AE identified from inpatient diagnoses.
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Matching of Treatment Episodes for Incremental Costs

We estimated the costs associated with AEs by using an incremental approach which has been widely used in health
services research'®'? and was adopted by a previous study in estimating AE-related costs.® That is, one patient with
a specific AE newly-developed during the first-line treatment period was completely matched on age and sex with four
patients who underwent the same regimens but did not encounter the AE during the same length of observation period
nor during the one-year period preceding the first date of therapy. All payments during the same length of observation
periods in the two groups were totaled and converted to US dollars (USD) according to the exchange rate from the year
2020. After subtracting all costs incurred on the first-line treatment regimens, surgery, and radiation therapy, incremental
costs associated with a specific AE was determined to be the remaining cost difference between the two groups.

It should be noted that the duration of first-line treatment in the matched treatment episode needed to be longer than
that in treatment episode with a specific AE. Moreover, a patient could be counted multiple times because of their
experience of having more than one AE. Although a treatment episode without the AE was matched once for a specific
AE, it could be matched multiple times across different AEs.

Statistical Analysis

The balances of patient characteristics between a treatment episode with a specific AE and matched treatment episodes
without the AE were measured using standardized differences and expressed as percentages. An absolute value of less
than 10 suggested the two groups were well balanced. We evaluated the time spent on first-line treatment and overall
survival of targeted therapy, immunotherapy, and chemotherapy using the Kaplan-Meier method and made comparisons
using the Log rank test. The means and 95% confidence intervals of the cost differences were obtained. All the analyses
were conducted using SAS version 9.4 (SAS Institute Inc., Cary, NC) and P values were based on two-tail tests.

Results

Patient Characteristics
Among the 61,727 patients with advanced lung cancer diagnosed between 2011 and 2019, a total of 27,376 patients were
identified as receiving targeted therapy, immunotherapy, or chemotherapy (Figure 1). Supplementary Figure 2 shows the

time on first-line treatment and overall survival rate of patients who underwent targeted therapy, immunotherapy, and
chemotherapy. Patients receiving targeted therapy experienced a longer time in first-line treatment and higher overall
survival rates when compared with the others. After matching one patient having an AE on age, sex, and regimens with
four patients without the AE, a total of 15,454 treatment episodes with a specific AE and 61,816 treatment episodes
without the AE were compared (Table 1). The regimens of first-line treatment between the two groups were completely
matched, leading to a balance of pathological subtypes. ECOG performance status and Charlson Comorbidity Index
scores were also well balanced with absolute values of standardized differences (%) less than 10.

Prevalence and Duration of Treatment

The prevalence rates of patients with AE of any severity ranged from 0.1% for alopecia to 10.0% for constipation, with
the median durations of treatment ranging from 8.5 months for neutropenia/febrile neutropenia to 33.9 months for
neuropathy (Table 2). The other most common AEs of any severity included mucositis/stomatitis (8.7%) and muscu-
loskeletal pain (7.0%). Conversely, the prevalence rates of patients with severe AE requiring hospitalization ranged from
0.0% for visual disturbance to 3.6% for sepsis/septicemia, with the median durations of treatment ranging from 7.0
months for interstitial lung disease/pneumonitis to 19.3 months for neuropathy. The other most common severe AEs
included anemia (3.3%) and electrolyte imbalance (2.4%).

Costs Associated with Adverse Events

Incremental costs of AEs are shown in Table 3. Mean incremental costs associated with AE of any severity ranged from
—3412 USD for folliculitis to 10,101 USD for sepsis/septicemia. Other costliest AEs of any severity included neuropathy
(9982 USD) and acute kidney injury (7839 USD). Moreover, mean incremental costs associated with severe AE requiring
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All patients with advanced lung cancer diagnosed
between 2011 and 2019 (n = 61,727):
SCLC (n = 6018)
Squamous NSCLC (n = 7443)
Non-squamous NSCLC (n = 48,266)

A
First-line treatment beginning within 30 days before
and 90 days after the diagnosis (n = 27,376):
Targeted therapy (n = 19,507)
Immunotherapy (n = 91)
Chemotherapy (n = 7778)

v
AEs after first-line treatment but not within
one year prior to the therapy (n = 16,144):
Targeted therapy (n = 12,102)
Immunotherapy (n = 39)
Chemotherapy (n = 4003)

Treatment episodes with AE excluded
after matching (n = 690):
Targeted therapy (n = 390)
Immunotherapy (n = 24)
Chemotherapy (n = 276)

v
One patient with an AE was matched on age, sex,
and regimens with four patients without the AE
during the same length of period* (n = 15,454):
Targeted therapy (n = 11,712)
Immunotherapy (n = 15)
Chemotherapy (n = 3727)

Figure | Flow diagram of identifying treatment episodes with adverse events (AEs). *A treatment episode without the AE was matched once for a specific AE. It could be
matched multiple times across different AEs. NSCLC: non-small cell lung cancer.

hospitalization ranged from 2919 USD for visual disturbance to 22,483 USD for sepsis/septicemia. The other costliest
severe AEs included interstitial lung disease/pneumonitis (10,645 USD) and neuropathy (10,120 USD).

Discussion

Several previous studies have estimated the costs associated with AEs for lung cancer patients.® "> Some of them focused
on AEs of specific regimens such as erlotinib, afatinib, and pemetrexed; others simply looked at the costs associated with
certain AEs.”'*!* Furthermore, no study has of yet been conducted in Asian countries.”’ Our study used Taiwan NHI
reimbursement data and followed up on lung cancer patients until the end of 2020, by which time pembrolizumab had
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Table | Characteristics of Patients Across Treatment Episodes

Treatment episode Matched treatment | Standardized
with AE n = 15,454 | episode without the difference®
AE*n=61,816

Age, n (%)

<55 2601 (16.8) 10,404 (16.8) -

55-65 4343 (28.1) 17,372 (28.1) -

65-75 4453 (28.8) 17,812 (28.8) -

275 4057 (26.3) 16,228 (26.3) -
Male, n (%) 6629 (42.9) 26,516 (42.9) -
ECOG performance status, n (%)

0-1I 8330 (53.9) 36,089 (58.4) -9.0

22 1892 (12.2) 6551 (10.6) 5.2

Missing 5232 (33.9) 19,176 (31.0) 6.1
CCl score, n (%)

0 774 (5.0) 2477 (4.0) 48

1-2 2119 (13.7) 8305 (13.4) 0.8

>3 12,561 (81.3) 51,034 (82.6) -33
Pathology, n (%)

Non-squamous NSCLC 15,105 (97.7) 60,681 (98.2) -3.0

Other lung cancer 349 (2.3) 1135 (1.8) 3.0
First-line treatment, n (%)

Targeted therapy 11,712 (75.8) 46,848 (75.8) -

Immunotherapy 15 (0.1) 60 (0.1) -

Chemotherapy 3727 (24.1) 14,908 (24.1) -

Notes: *A treatment episode without the AE was matched once for a specific AE. It could be matched multiple times across

different AEs. bExpr'essed as percentages. Age, sex, and treatment regimens were completely matched.

Abbreviations: AE, adverse event; CCl, Charlson Comorbidity Index; ECOG, Eastern Cooperative Oncology Group;
NSCLC, non-small cell lung cancer.

Table 2 Prevalence and Duration of Treatment for Patients with AE

Patients with Duration of treatment Patients with Duration of treatment
AE of any for patients with AE of any severe AE n (%) for patients with severe AE
severity n (%) severity median (IQR) month median (IQR) month

Acute kidney injury 286 (1.9) 10.6 (13.1) 243 (1.6) 10.2 (14.0)
Alopecia 20 (0.1) 12.9 (12.0) 2 (0.0 6.8 (7.9)

Anemia 906 (5.9) 12.1 (14.0) 513 (33) 10.3 (12.0)
Anorexia 120 (0.8) 11.9 (10.4) 28 (0.2) 9.1 (5.6)

Colitis 531 (3.4) 14.7 (15.8) 44 (0.3) 12.1 (12.7)
Constipation 1550 (10.0) 14.6 (16.0) 164 (1.1) 13.3 (13.5)
Diarrhea 875 (5.7) 16.9 (18.2) 77 (0.5) 14.5 (15.6)
Dyspnea 511 (33) 10.1 (13.3) 50 (0.3) 8.0 (7.5)

Edema 476 (3.1) 15.7 (16.9) 30 (0.2) 12,5 (12.1)
Electrolyte imbalance 508 (3.3) 11.2 (14.4) 369 (2.4) 11.4 (15.0)
Epistaxis/hemoptysis 636 (4.1) 16.7 (16.2) 60 (0.4) 12.0 (13.4)
Fatigue/asthenia 430 (2.8) 15.0 (17.2) 58 (0.4) 1.1 (11.6)
Folliculitis 863 (5.6) 15.6 (15.8) 16 (0.1) 12.5 (13.6)
Hypertension 1020 (6.6) 14.1 (14.7) 428 (2.8) 13.8 (14.6)
Hypothyroidism/hyperthyroidism 68 (0.4) 19.7 (18.9) 19 (0.1) 15.6 (17.0)
Hepatitis 350 (2.3) 14.3 (15.3) 46 (0.3) 14.0 (11.8)
Interstitial lung disease/pneumonitis 50 (0.3) 8.6 (11.3) 32 (0.2) 7.0 (10.1)
Mucositis/stomatitis 1337 (87) 18.7 (19.0) 45 (0.3) 15.6 (17.2)
Musculoskeletal pain 1084 (7.0) 19.0 (18.5) 12 (0.1) 10.7 (12.5)

(Continued)
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Table 2 (Continued).

Patients with Duration of treatment Patients with Duration of treatment
AE of any for patients with AE of any severe AE n (%) for patients with severe AE

severity n (%) severity median (IQR) month median (IQR) month
Nausea/vomiting 576 (3.7) 13.8 (16.3) 141 (0.9) 9.3 (11.8)
Neutropenia/febrile neutropenia 306 (2.0) 85 (13.1) 263 (1.7) 84 (13.2)
Neuropathy 133 (0.9) 33.9 (23.9) 5 (0.0) 19.3 (18.4)
Pruritus 988 (6.4) 18.5 (18.2) 6 (0.0) 14.0 (14.0)
Rash/erythema 241 (1.6) 15.8 (15.5) 14 (0.1) 15.4 (14.1)
Sepsis/septicemia 648 (4.2) 9.5 (13.7) 551 (3.6) 9.4 (14.0)
Thrombocytopenia 64 (0.4) 9.1 (14.2) 46 (0.3) 8.6 (12.6)
Tinnitus/hearing loss 439 (2.8) 18.9 (18.2) 26 (0.2) 15.5 (19.8)
Visual disturbance 438 (2.8) 21.4 (19.4) 2 (0.0 73 (2.7)

Abbreviations: AE, adverse event; IQR, interquartile range.

Table 3 Incremental Cost of AE

AE of any severity USD (95% ClI)

Severe AE USD (95% ClI)

Acute kidney injury

Alopecia

Anemia

Anorexia

Colitis

Constipation

Diarrhea

Dyspnea

Edema

Electrolyte imbalance
Epistaxis/hemoptysis
Fatigue/asthenia

Folliculitis

Hypertension
Hypothyroidism/hyperthyroidism
Hepatitis

Interstitial lung disease/pneumonitis
Mucositis/stomatitis
Musculoskeletal pain
Nausea/vomiting
Neutropenia/febrile neutropenia
Neuropathy

Pruritus

Rash/erythema
Sepsis/septicemia
Thrombocytopenia
Tinnitus/hearing loss

Visual disturbance

7839 (6881 to 8797)
7285 (3671 to 10,899)
5572 (4938 to 6205)
4223 (2160 to 6286)
~204 (~1076 to 668)
4060 (3580 to 4539)
5794 (5122 to 6465)
5045 (3325 to 6765)
5822 (4912 to 6732)
6021 (5456 to 6586)
5200 (4461 to 5938)
4113 (2695 to 5532)
~3412 (-3991 to -2833)
5673 (5059 to 6288)
6217 (3884 to 8550)
3682 (2622 to 4741)
6891 (3967 to 9816)
2961 (2384 to 3539)
5248 (4617 to 5880)
5282 (4451 to 6113)
5430 (4400 to 6460)
9982 (9247 to 10,718)
3642 (2989 to 4296)
4233 (3124 to 5341)
10,101 (8055 to 12,146)
6044 (4302 to 7787)
3712 (1598 to 5827)
2796 (7446 to 13,039)

8317 (7130 to 9503)
7475 (~1646 to 16,596)
5621 (5130 to 6112)
4748 (3181 to 6315)
4863 (3400 to 6326)
7301 (6084 to 8517)
6917 (5698 to 8135)
5754 (5008 to 6501)
6721 (4939 to 8503)
6652 (5892 to 7412)
5619 (4273 to 6966)
5521 (4655 to 6386)
9648 (5651 to 13,646)
6273 (5643 to 6903)
6935 (5148 to 8721)
5270 (3299 to 7240)
10,645 (7320 to 13,969)
6269 (4861 to 7678)
7301 (3662 to 10,939)
5437 (4487 to 6387)
6538 (5789 to 7287)
10,120 (9531 to 10,710)
4843 (2768 to 6918)
5828 (3554 to 8102)
22,483 (9191 to 35,775)
8578 (6533 to 10,623)
3815 (2798 to 4833)
2919 (1918 to 3920)

Abbreviations: AE, adverse event; Cl, confidence interval; USD, US dollars.

already been reimbursed. We were thus able to capture the costs associated with AEs of this new therapy. Unlike
previous research which did not consider differences in tumor stage across treatment episodes with and without an AE,®
this study limited its qualified patients to those newly diagnosed with advanced lung cancer and comprehensively
matched the regimens of first-line treatment (Table 1). The costliest AEs of any severity in Taiwan were sepsis/septicemia
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(10,101 USD), neuropathy (9982 USD), and acute kidney injury (7839 USD), whereas the costliest severe AEs were
sepsis/septicemia (22,483 USD), interstitial lung disease/pneumonitis (10,645 USD), and neuropathy (10,120 USD)
(Table 3). These findings may help thoracic oncologists move towards value-based practice and evaluate the cost-
effectiveness of new lung cancer treatments.

Prior research disclosed that anemia and dyspnea were the most commonly encountered AEs in patients with
advanced lung cancer who underwent first-line treatments.® In contrast, we found that mucositis/stomatitis, pruritus,
diarrhea, and folliculitis were more commonly encountered than the aforementioned symptoms (Table 2). Such
a phenomenon could be explained by the following reason: prior research was restricted to those patients who received
platinum-based chemotherapy, yet did not include subjects undergoing targeted therapies. In Taiwan, more than half of
patients with non-squamous NSCLC harbor EGFR mutations and receive targeted therapies in their front-line treatment.
The AEs resulting from targeted therapies are quite different from those of platinum-based chemotherapy. Nevertheless,
our study corroborated the results of prior research,® where interstitial lung disease/pneumonitis was one of the AEs
associated with the highest costs (Table 3). We further found that neutropenia/febrile neutropenia and sepsis/septicemia
requiring hospitalization also resulted in high AE-associated costs. These findings are supported by the clinical
experience in administering cytotoxic agents for patients with small cell lung cancer, a cohort not included in prior
research.®

Although previous studies have estimated the costs of immunotherapy-related AEs, the estimates were simply based
on experts’ opinions'” or calculated as the sum of costs on claims associated with the AE."" Our study used an
incremental approach to subtract the effects other than AEs, the costs would less likely to be overestimated compared
with the aforementioned studies. However, the NHI only reimbursed pembrolizumab as monotherapy for patients with
PD-L1 expression levels > 50%. Patients whose PD-L1 expression levels < 50%, or those who were administered other
immune checkpoint inhibitors, could not be identified in our study.

We strictly defined our usage of first-line treatment and the duration of treatment. To be specific, patients’ adherences
to therapy were taken into consideration and all AEs must have been newly developed during the period when the patient
was still undergoing the therapy. Nevertheless, the reduction of drug dosage and prolongation of drug interval could not
be addressed in this study. As the costs of first-line treatment regimens were not counted while calculating the
incremental costs, the reduction of drug dosage and prolongation of drug interval would not confound the results too
much. Notably, patients with severe AEs had shorter durations of treatment when compared to those with AEs of any
severity (Table 2). This emphasizes that greater effort should be made to prevent severe AEs requiring hospitalization, as
it not only necessitates substantial costs but may also lead to poor prognosis.

Several limitations must be acknowledged in our study. First, caution is necessary when using claims data to draw any
causal inference of a downstream AE from the preceding first-line treatment. However, we restricted the AEs in this
study to those occurring after first-line treatment, but not within the preceding one year. Further, a patient with a specific
AE was completely matched on age and sex with four referents who underwent the same regimens but did not experience
the AE. Other clinical characteristics were also well balanced between the two groups. The incremental cost estimates
could be attributed to the AE. Prospective collections of the cost data of predefined AEs merit future research. Second,
some cost estimates were negative when using the incremental approach. Nevertheless, the costs of severe AE requiring
hospitalization were all positive. Applying the results of severe AEs to cost-effectiveness analysis is still feasible. Third,
we aimed to estimate the costs associated with different AEs and did not categorize the occurrences and costs of AEs by
different first-line treatments. If we categorized them by different first-line therapies, the number of episodes in each
category would become too small, preventing us from obtaining a conceivable estimate. Finally, to reduce the complexity
of regimens, use of oral vinorelbine was not considered in the analysis, leading to a reduced number of patients in the
chemotherapy groups. Carboplatin was not reimbursed by the NHI in patients with normal serum creatinine levels;
therefore, it might not be captured in the analysis. Likewise, other out-of-pocket drugs such as anti-angiogenesis agents,
targeted therapies, or immunotherapies in combination with chemotherapy could not be identified.
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Conclusion
Costs associated with AEs were substantial for patients with advanced lung cancer who were treated with first-line
therapy in Taiwan. These estimates could be used for evaluating the cost-effectiveness of new lung cancer treatments.
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