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Abstract - Lung cancer is the leading cause of cancer death worldwide among men and women, and non-small cell lung cancer (NSCLC)
accounts for 85% of all diagnosed lung cancer cases in the United States. Mutations in the epidermal growth factor receptor (EGFR) gene
cause continuous activation of the EGFR and its downstream signaling pathways involving cell proliferation and apoptosis, leading to
excess cell division and tumor growth in NSCLC. EGFR Tyrosine Kinase Inhibitors (TKIs), a targeted therapy for NSCLC patients with
EGFR mutations, bind to the ATP-binding site of EGFR and prevent the activation of downstream signaling pathways and slow or stop
the growth of cancerous cells. The objective of this study is to evaluate the performance and the cost of three TKIs - Gefitinib, Afatinib,
and Erlotinib - within the real world setting. This evaluation was conducted by assessing trends in reported adverse events, costs, and
prescriptions using data collected from the FDA Adverse Event Reporting System (FAERS) and the Medicare Part D Database. This
work is novel because it is the first to use both FAERS and the Medicare Part D Database to track trends in the aforementioned variables
over multiple years, allowing for a comprehensive analysis of the real world effectiveness and economic impact of the three TKIs. From
2001 to 2024, Gefitinib recorded 8,543 adverse events, Erlotinib recorded 14,725, and Afatinib recorded 6,193. The three TKI treatments
cost American patients approximately $2.8 billion in total. Analysis of the data revealed that the adverse event rate was higher among
the first generation TKIs in comparison to their second generation counterpart and highlighted the significant financial burden TKI
treatment puts on patients. Future work should focus on improving the safety of TKIs by monitoring their adverse events and increasing
the affordability of these life saving drugs.
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1. Introduction

Lung cancer is the leading cause of cancer death worldwide among men and women [1]. There are two different types
of lung cancer: small-cell lung cancer (SCLC) and non-small cell lung cancer (NSCLC). SCLC’s progression starts in the
bronchi and quickly spreads throughout the body to organs such as the lymph nodes. This type of cancer is less common and
usually occurs due to smoking. On the other hand, NSCLC accounts for 85% of diagnosed lung cancer cases in the United
States. Developing slowly, NSCLC’s symptoms may not occur until the cancer has advanced. There are 3 types of NSCLC,
differentiated by the cells that the cancer occurs in : (1) Adenocarcinoma of the lung which is the most common and begins
in the bronchioles which are mucus producing cells lining the airways of the outer regions of the lung (2) Squamous cell
lung cancer which occurs in thin flat cells lining the bronchi called Squamous cells and (3) large-cell undifferentiated
carcinoma which is known to begin anywhere in the lung and spread rapidly [2].

Treatment for NSCLC, like most cancers, depends on the stage in which it is diagnosed. NSCLC has 4 stages and they
are determined by tumor size and location, involvement of regional lymph nodes and metastasis - how much the cancer has
spread. In stage 1, the cancer has not spread to the lymph nodes or other body parts and surgery is the premier option through
either a lobectomy (in which the lobe of the lung containing the cancerous tumor is removed) or pneumonectomy with
mediastinal lymph node sampling (in which a cancerous lung and lymph nodes are removed) [3,4,5]. In stage 2, tumors are
larger and may have spread to the lymph nodes but have not spread to distant body parts and treatment is surgery followed
by chemotherapy. Treatment for stage 3, in which it is common for the cancer to have spread to the lymph nodes in the
mediastinum, varies depending on the specific tumor invasion and lymph node involvement but it typically involves surgery
and adjuvant chemotherapy as well as chemoradiotherapy for some cases. By stage 4, in which the cancer has metastasized
and spread to other areas of the body, NSCLC is considered incurable and treatment is focused on providing comfort and
improving survival. It is important to note that due to the progression of this disease, more patients are diagnosed at stages
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I (28%) and IV (38%) over stages 1 (26%) and II (8%). As a result, curative surgery is only an option for few patients; for
the majority, the cancer is already metastatic by the time they are symptomatic.

This study focuses on targeted therapy for NSCLC. Mutations in genes that encode critical proteins essential in cell
growth and development can lead to cancer, and blocking these mutations can be effective in improving patient survival.
One such example are mutations in the Epidermal Growth Factor Receptor (EGFR). EGFR is a type of tyrosine kinase
receptor and when it binds to its ligand, such as an epidermal growth factor, it undergoes a physical change and
phosphorylates the intracellular domain which activates various downstream signaling pathways. These pathways regulate
critical processes such as cell proliferation, apoptosis, gene transcription and cell cycle progression. DNA mutations within
the genes that encode EGFR can result in the continuous activation of signal transduction pathways; therefore activation is
not dependent upon the presence of a ligand. As a result, excess cell proliferation and prevention of apoptosis occur, leading
to the formation and progression of tumors especially in NSCLC. Up to 25% of NSCLC patients have EGFR mutations and
in 75% of cases the mutation result in an increase of receptor expression [6].

EGFR Tyrosine Kinase Inhibitors (TKIs) are molecules that bind to the ATP-binding site of the EGFR and inhibit its
activity, preventing cancer cells from growing, and serving as a way to treat cancer. Three different drugs that inhibit EGFR,
Gefitinib (Iressa), Erlotinib (Tarceva), and Afatinib (Gilotrif), have been approved by the U.S. Food and Drug Administration
(FDA) to treat advanced NSCLC.

In May 2003, Gefitinib got accelerated approval by the FDA as a monotherapy treatment for patients with locally
advanced or metastatic NSCLC after failure of both platinum-based and docetaxel chemotherapies. Under accelerated
approval, AstraZeneca, the company that manufactures Gefitinib, had to conduct additional clinical trials to prove that
Gefitinib improves NSCLC patient outcomes. Multiple trials failed to prove clinical benefit and as a result in September
2011, AstraZeneca withdrew Gefitinib from the market. In July 2015, the FDA approved Gefitinib for treatment, but for a
different population - those who had the EGFR mutation and had not been previously treated [ 7]. This approval was supported
by various studies that showed Gefitinib improved outcomes for NSCLC patients with the EGFR mutation, one of which
was a clinical trial containing 106 patients that showed a 50% response rate in untreated patients with the EGFR mutation.
This meant that half of these patients’ cancers had either gone away or shrunk. Four patients from the trial stopped Gefitinib
treatment due to side effects and the most common ones included Rash, Diarrhea, Vomiting, Asthenia, Cough, Dry skin,
Nausea, and Decreased appetite [8]. In another randomized clinical trial, called [Pass, among the patients who had the EGFR
mutation, those treated with Gefitinib had longer progression-free survival than those who were treated with standard
chemotherapy [9].

In November 2004, FDA approved Erlotinib for treatment of patients with locally advanced or metastatic NSCLC after
failure of at least one prior chemotherapy regimen [10] . Five years later in 2009, Erlotinib’s manufacturers GeneTech and
OSI wanted the FDA to expand Erlotinib’s approval to include cancer patients who are less sick and have been helped by
chemotherapy. The FDA’s Oncologic Drugs Advisory Committee, consisting of an external panel of cancer experts, voted
12 to 1 that the FDA should not expand Erlotinib’s approval. Despite the committee's vote, the FDA went through with this
expansion and requested that further studies be conducted into whether the drug improves patient outcomes [11]. In the
IUNO study, a randomized, double-blind, placebo-controlled trial consisting of patients without the EGFR mutation,
Erlotinib did not show superior progression-free survival outcomes over the placebo [12]. As aresult in 2016 the FDA limited
Erlotinib’s usage to only NSCLC patients with the EGFR mutation.

In 2013, The FDA approved Afatinib to treat patients with metastatic NSCLC who have EGFR exon 19 deletions or
exon 21(L858R) substitution. Three years later, the FDA expanded the drug's approval to treat metastatic squamous NSCLC
after platinum-based chemotherapy. In 2018, Afatinib was approved to be used in the first line treatment of patients with
metastatic NSCLC [13].

The different TKIs can be classified into generations based on their chemical structure and function. Gefitinib and
Erlotinib are classified as first generation TKIs. They bind reversibly to the protein tyrosine kinase (PTK) domain of the
EGFR through noncovalent interactions such as hydrogen-bonding, electrostatic and hydrophobic interactions, inhibiting
ATP from binding to the PTK, which prevents the activation of EGFR and its associated cellular pathways. On the other
hand, Afatinib is classified as a second generation EGFR inhibitor. Afatinib can irreversibly inhibit EGFR activity because
it binds covalently with the EGFR and this ability gives it an advantage over its first generation counterparts [14]. This study
will investigate trends in adverse events, costs, and prescriptions associated with three TKIs: Gefitinib, Afatinib, and
Erlotinib. It is novel in its approach, as it uses the FDA Adverse Event Reporting System (FAERS) and the Medicare Part D
Database to analyze both the real-world performance and economic impact of these three TKIs.
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2. Methods

The FDA Adverse Event Reporting System (FAERS) was used to track the adverse events of the 3 TKIs investigated in
this study - Gefitinib, Erlotinib, and Afatinib [15]. FAERS consists of both mandatory reports submitted by drug
manufacturers and required by the FDA, detailing adverse events that have been associated with manufacturers’ drugs, and
voluntary reports, submitted by consumers and healthcare professionals. For each EGFR inhibitor, the generic name was
used as the search term - Gefitinib, Erlotinib and Afatinib - and the data found under the Demographics tab were used to
record the number of adverse event cases from 2001 to 2024. The total number of adverse events per drug from 2001 to 2024
can also be found under Demographics next to the Totals column in the FAERS.

The Medicare Part D Database was used to analyze prescribing trends as it includes all prescriptions filled for patients
taking FDA approved drugs under the Medicare part D plan [16]. For each EGFR inhibitor, the generic name was used as
the search term - Gefitinib, Erlotinib and Afatinib. To determine the total number of 30-day fills per year from 2013 to 2022
for each drug, the data under Tot 30day_Fills at the National level was used. To determine the total cost for each drug from
2013 to 2022, the data under Tot Drug_Cst at the National level was used. The cost per 30-day fill from 2013 to 2022 for
each drug was calculated by dividing total cost per year by the total number of 30-day fills. The rate of adverse events per
30-day fill annually was calculated by dividing total number of adverse events by number of 30-day fills.

3. Results

Analyzing the annual trends in reported adverse events for TKIs (Figure 1), it is clear that Erlotinib had the largest peak
in adverse events out of the 3 drugs. Erlotinib’s adverse events peaked in 2015 at 2,511 cases and then dropped drastically
by 62.28% to 949 cases in the following year. The number of adverse events associated with Erlotinib decreased by 73.87%
over the seven years after 2016, reaching a low of 248 cases in 2023. Gefitinib’s adverse events reached their highest in 2006
with 1,180 cases and then decreased significantly by 80.85% to 226 in 2007. They peaked again in 2019 at 480 cases and
gradually decreased by 48.33% over the next four years, reaching a low of 248 cases in 2023. The peak of the reported
adverse events for Afatinib,at 921 cases in 2018, was lower than that of its counterparts. Like Gefitinib and Erlotinib,
Afatinib's adverse events also decreased and reached a low in 2023, with 233 cases for Afatinib.
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Fig. 1: Annual Trends In Reported Adverse Events for TKIs from 2001 to 2024.

From 2001 to 2024, Gefitinib recorded a total of 8,543 adverse events, Erlotinib recorded 14,725, and Afatinib recorded
6,193 (Figure 2). Erlotinib had substantially higher amounts of adverse events compared to its counterparts, with more than
double the adverse events of Afatinib and nearly 1.5 times the adverse events of Gefitinib. Taken together, there were 29,461
reported adverse events from these 3 TKIs from 2001 to 2024. The adverse events for each of the first generation TKIs,
Gefitinib and Erlotinib, were significantly greater than the adverse events for the second generation TKI Afatinib. Among
the most common adverse events were general disorders and administrative site conditions such as Death, Drug Resistance,

ICBB 128-3



Fatigue, as well as gastrointestinal disorders such as Diarrhea, Nausea, Vomiting, Stomatitis, Abdominal Pain, Constipation,
and Dysphagia.

With regard to the trends in the number of 30-day fills annually from 2013 to 2022 (shown in Figure 3), Erlotinib has
the greatest number of 30-Day fills per year, peaking at 74,318 in 2013 and subsequently declining by 68.45% to 23,428 in
2018. Between 2018 and 2019, there was a notable decrease of 79.41% and the fills reached their lowest amount of 4,822.
The number of fills for Gefitinib was greatest in 2018 when there were 2,687 fills and they continued to decrease until 2022.
The number of fills for Afatinib reached their greatest amount in 2017 with 11,081 cases, experiencing a gradual 62.39%
decrease over the following four years to reach a minimum of 4,166 in 2022. The total number of 30-day fills from 2013 to
2022 for Erlotinib was 366,329.40, nearly 26 times greater than that of Gefitinib which had 14,049.80 fills, and 5 times
greater than that of Afatinib which had 64,335 fills.
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Fig. 2: Total Number of Reported Adverse Events for TKIs from 2001 to 2024.
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Fig. 3: Trends in Number of 30-Day Fills per year for TKIs from 2013 to 2022. Erlotinib had significantly more 30-day Fills than
Gefitinib and Afatinib in total.

In total, from 2013 to 2022, these three TKIs cost $2,821,040,347.01 (Figure 4). The total cost of Erlotinib was greatest
in 2013 at $422,596,683.23. The cost decreased gradually over the following 5 years by 57.11%, reaching a low of
$181,251,150.19 in 2018. Between 2018 and 2019, there was a significant decrease in the total cost, nearly 84.31%.
Gefitinib’s cost was at its highest of $26,395,400.32 in 2017 and decreased by 74.89% to $6,625,714.25 in 2022. Afatinib’s
cost was at its greatest in 2017, reaching $86,639,174.81 and decreased by 48.31% to $44,799,471.74 in 2022. The total cost
of Erlotinib from 2013 to 2022 was $2,199,766,158.53, twenty times greater than the total cost of Gefitinib which was
$105,125,010.88 and approximately four times greater than the total cost of Afatinib which was $516,149,177.60.

Afatinib’s cost per fill increased by 85.41% from 2013 to 2022 (Figure 5), reaching $10,751.53 in 2022, a much greater
rate of increase than that of Gefitinib, which increased by 19.96% over the nine years and cost $7,973.18 in 2022. While
Erlotinib showed an increasing trend until 2018, when it cost $7,736.49, there was a sudden 23.85% drop in cost in 2019,
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and it continued to decrease over the next 3 years by 62.23% and was priced at $2,223.86 in 2022. The rate of adverse events
(Figure 6) in Gefitinib is significantly greater than that of Erlotinib and Afatinib from 2013 to 2022. At its peak in 2020, the
adverse rate for Gefitinib was nine times that of Erlotinib and approximately four times that of Afatinib.
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Fig. 4: Trends in Total cost of TKIs from 2013 to 2022.
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Fig. 5: Trends in Cost per fill of TKIs from 2013 to 2022.
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Fig. 6: Trends in the rate of adverse events per prescription of TKIs from 2013 to 2022.
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Discussion

Adverse event trends reflect and inform FDA and drug manufacturer decisions to expand or restrict the approved
indications for TKIs. Erlotinib showed an increase in adverse events after 2009, because the FDA expanded the drug’s
approval in 2009 to treat cancer patients who are less sick and have been helped by chemotherapy. As the population of
patients being treated with the prescription grew, so did the amount of adverse events. The reverse occurred in 2016 after the
FDA limited the approval of Erlotinib to treat only NSCLC patients who have the EGFR mutation, and this decrease in the
patient pool is reflected by the 62.28% decrease in adverse events during that year. Similarly, after clinical trials failed to
prove that Gefitinib improves patient outcomes and it was removed from the market in 2011, there was a decrease in adverse
events. The few adverse events between 2011 and 2014, a time during which the FDA did not approve Gefitinib and it was
off the market, are likely due to physicians prescribing the drug off-label. The adverse events began to rise again after 2015
because Gefitinib was approved again by the FDA to be used as a treatment for those with the EGFR mutation and who had
not been previously treated. Afatinib was first approved by FDA in 2013 and its approval was expanded later in 2018 when
it was used in the first line treatment of patients with metastatic NSCLC. The peak of adverse events for Afatinib in 2018
corresponds with the drug becoming available as a treatment option to a greater patient population.

The FDA speeds up the approval process for TKIs such as Gefitinib because many cancer patients do not have any other
treatment options. This accelerated process has a lot of benefits - patients can access treatment earlier and the clinical trials
are shorter and less expensive. However, the issue with accelerated approval is that the drug can reach the market before
physicians and scientists are aware of all of its potential side effects and are 100% confident that the drug improves patient
outcomes. The shorter clinical trial is efficient and cost-effective but is unable to show the long term effectiveness and safety
of a drug. As a result many clinical trials are conducted after the drugs’ approval; for all three TKIs in the current study, the
FDA used data from trials conducted post-approval to restrict or expand the availability of the drug to certain patients. These
decisions are also informed by the adverse events reported by physicians and consumers that highlight the wide range of side
effects the drug can bring about that were previously unknown.

In total from 2001 to 2024, Erlotinib recorded nearly twice the number of events of Afatinib and 1.5x that of Gefitinib.
Based on the number of 30-day fills, Elrotinib was prescribed significantly more often to those under the Medicare Part D
plan, nearly 26x more often than Gefitinib and 5x more than Afatinib. Because Erlotinib is prescribed significantly more
often than its counterparts, it makes sense that the adverse events for Erlotinib are so frequent, so the adverse event rate is a
more informative metric. Gefitinib’s rate of adverse events is significantly greater than that of Afatinib and Erlotinib. At its
peak in 2020, the adverse event rate for Gefitinib was nine times that of Erlotinib and approximately four times that of
Afatinib. The peak in the adverse event rate in 2020 for all three TKIs is likely correlated with coronavirus disease 2019
(COVID-19).

Afatinib has a lower adverse event rate than Gefitinib and Erlotinib. Afatinib has better patient outcomes over its two
counterparts because, over time, cancer cells can develop resistance to first generation TKIs such as Gefitinib and Erlotinib
resulting in treatment becoming ineffective. Since Afatinib is a second generation EGFR inhibitor, it can overcome resistance
and remain effective in cancer treatment [17]. Despite Erlotinib and Gefitinib both being first generation TKIs, Erlotinib had
a lower adverse event rate than Gefitinib. This is because Erlotinib was introduced to the market as a first generation TKI
after Gefitinib, therefore, it's likely that chemical modifications were made by Erlotinib’s manufacturer to ensure it had a
better safety profile than the drug that came before it which was Gefitinib.

In total, the three TKIs cost Americans $2.8 billion from 2013-2022. On average, across all three drugs from 2013-2022,
one 30-day fill of the drug cost roughly $7,000. NSCLC and its treatment itself takes a huge emotional toll, but the staggering
cost places a debilitating financial burden on individuals, families and American society. The average American spends
$13,493 a year on healthcare, so paying approximately $7,000 per month for several months or even multiple years is simply
unfeasible [18].

Limitations of this study include potential inaccuracies in the FAERS database, because a reported adverse event may
not necessarily have been caused by the drug, the report of the adverse event may be incomplete, there is no way to verify
that an adverse event has occurred, and there may be duplicate reports. While vast, the Medicare Part D is limited in that it
is restricted to those on Medicare Part D healthcare (those over 65 or those with qualifying disabilities) and does not list
every single prescription written for a given drug.

Conclusion
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This study investigated the adverse event profiles, cost, and prescribing trends associated with three TKIs, Gefiitnib,
Erlotinib and Afatinib, using data from FAERS and the Medicare Part D Database. The gathered data indicates significant
differences in the adverse event rates per 30-day fill between the three inhibitors, with Gefinitib having the highest rate and
Afatinib having the lowest rate because it can overcome resistance unlike its first generation counterparts. The adverse event
rates fluctuated over several years because the FDA revised its approved indications for each drug. The high incidence of
adverse events highlights the importance of post-approval clinical trials and post-approval patient monitoring, to ensure that
innovative personalized medicine treatments are truly improving patient outcomes. The mounting cost of EGFR inhibitor
treatments highlights the need for healthcare professionals, manufacturers, and policy makers to negotiate better prices,
improve insurance coverage and increase access to financial aid programs. Future efforts should focus on addressing this
issue to ensure that everyone can access life-saving treatments without facing insurmountable economic burden, and to
continue to enhance the safety and efficacy of TKIs.
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