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Abstract

Over the last twenty years, with the development of gene-driven therapies,
numerous new drugs have entered clinical use. Very few of these new drugs are
suitable for a large number of patients, and all require molecular genetic testing.
In lung cancer, gene-targeted therapy has evolved rapidly and has placed
demands on the development of diagnostics and tissue sample preparation and
logistics. Rapid diagnosis and prevalence assessment are necessary to determine
the prognosis of a lung cancer patient based on the latest research findings.
Therefore, the molecular-genetic diagnostic pathway must also be accelerated and
matured to do the necessary analyses on small samples. Because lung cancer
rebiopsy can be difficult, liquid biopsy techniques should be developed to cover
more of the treatable mutations. There are obstacles related to tissue sampling,
new genomic techniques and access to gene-driven cancer drugs, including their
affordability. With this review and case study, we go into the obstacles faced by
our clinic and discuss how to tackle these obstacles in lung cancer. We use lung
cancer as an example due to its complexity, though these same obstacles are found
in different cancers on a minor scale.
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Core Tip: Several gene-driven therapy drugs and molecular testing, together with
immunohistochemistry, have evolved for lung cancer in recent years. Lung cancer is
mutation dense and has more predictive genes that potentially influence treatment
decisions than any other cancer type. In our case study, we ran into obstacles and
delays in the diagnostic pathway both in tissue sampling and in gene testing. However,
the major obstacle was the financial availability of new drugs. All elements need to be
in place before a new drug can be given to patients, following the idea of the right drug
at the right time.

Citation: Saarenheimo J, Andersen H, Eigeliene N, Jekunen AP. Current challenges in applying
gene-driven therapies in clinical lung cancer practice. World J Clin Oncol 2021; 12(8): 656-663
URL: https://www.wjgnet.com/2218-4333/full/v12/i8/656.htm

DOI: https://dx.doi.org/10.5306/wjco.v12.i8.656

INTRODUCTION

Since the sequencing of the whole human genome was completed in 2003[1], new
principles of genomic approaches have eagerly been used in cancer drug therapy[2].
Early enthusiasm about genes in cancer drug therapy was overwhelming, and overall
the outlook was positive. Gene-targeted drug development took new steps, and the
first major drug was imatinib (Glivec). Imatinib served as a breakthrough by changing
attitudes from one-size-fits-all concept to an outlook that focused on small, restricted
indications. Ph-positive chronic myelogenous leukemia was found to inhibit the BCR-
ABL1 tyrosine kinase with increased activity because of a definite genetic alteration
[3], but given its high effectiveness, it rapidly dominated the whole set of indications
and became an example of the importance of highly targeted drugs in restricted
indications, achieving commercial success. After Glivec’s success for limited
indications, an increasing number of developers targeted limited indications with their
therapeutic agents. The dominant thinking was that it would be better to have a highly
active agent in limited indications than a less active one in a broader indication. It was
important that the general attitude changed swiftly to allow specific approaches with
gene-driven drugs.

Swift from cytotoxic chemotherapy agents towards targeted cancer drugs has been
transpiring. By the end of 2014, the United States Food and Drug Administration
(FDA) had approved 150 anticancer drugs, of which 89 were target-based and 61 were
cytotoxic drugs[4]. Regarding solid cancers, drug agencies have become active in
approving new agents based on solid early clinical data and scientific rationale. The
FDA approved pembrolizumab in microsatellite-high tumors without any restrictions
of cancer type[5]. Recently, both the FDA and the European Medicines Agency (EMA)
approved larotrectinib, based on limited phase II data, for tumors with neurotrophic
receptor tyrosine kinase (NTRK) gene fusion with all indications[6]. While these
targeting agents add treatment possibilities, they also demand appropriate testing
before their use.

Many targetable genes have emerged. Most new cancer drugs are linked to one gene
mutation. Fortunately, molecular techniques have also been further developed, and
gene tests have become more affordable. Now we have knowledge of multiple gene-
driven cancers with certain gene alterations and the drugs that target them. Lung
cancer is a prime example of a cancer with a wide variety of actionable mutations,
partially because of the aggressive nature of the disease but also because of the
existence of many mutations, some of which are recognized druggable driver
mutations. Several gene-driven drugs are included in lung cancer guidelines. Even
more drugs are in development, which require extensive clinical research before
approval and implementation in clinical practice.

This article will address the practical obstacles in access to gene-driven cancer drugs
in non-small-cell lung cancer (NSCLC). Small-cell lung cancer was not included due to
high molecular heterogeneity and lack of current target genes with available treatment
[7]. More than an approved cancer drug at the pharmacy is required. First, there need
to be proper techniques for analysis; second, there must be enough tumor samples
available; third, treatment procedures will need to allow the use of the drug; and
finally, there needs to be funding for new drugs. We present the challenges involved
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in using gene-driven therapies based on our clinical experience with lung cancer at a
Finnish central hospital. Our practices are reviewed in the form of a case study.

Access to tumor samples and to treatment therapy procedures

Process of lung cancer treatment decision is complex and requires many elements as
illustrated in Figure 1. Poor performance status, lung diseases and other comorbidities
are patient-related factors that often make lung cancer diagnostics challenging. The
patient’s cooperation, sedation during tissue sampling and safe interruption of antico-
agulation need to be considered during the planning phase of a safe procedure.
Localized sampling of tissue consumes both time and resources, and both can be saved
with good planning[8]. In lung cancer, sampling approaches vary based on the
location and spread of disease. The most common sampling techniques are
bronchoscopy, computed tomography (CT)-guided transthoracic lung biopsy and
endosonography.

For mediastinal nodal staging in patients with suspected or proven NSCLC with
abnormal mediastinal or hilar nodes on CT or positron emission tomography,
endosonography is recommended over surgical staging as the initial procedure[9]. The
three most common complications following endobronchial ultrasound with real-time
guided transbronchial needle aspiration (EBUS-TBNA) are hemorrhage (0.6%),
pneumothorax (0.4%) and infection (0.3%)[10]. Bronchoscopy and tissue sampling of
intrabronchial cancer can be achieved in a combined session with EBUS-TBNA with
proper sedation and cooperation. However, the tissue samples are small, most often
cytological, materials, limiting the ability to extensively test them.

More material is available from core biopsies, but the risks are higher. The main
complications in CT-guided transthoracic lung biopsy were pneumothorax (25% vs
19%), pulmonary hemorrhage (18% vs 6%) and hemoptysis (4% vs 2%) for core biopsy
and fine needle aspiration (FNA), respectively. As shown by CT-guided core biopsy
and FNA, the rate of pneumothorax requiring intervention was 6% and 4%,
respectively[11]. Tissue sampling is an invasive procedure with risks, so the diagnostic
pathway should be optimally planned to reduce the number of procedures needed to
obtain enough material diagnosis and staging.

At the early stages, staging and tissue sampling require more advanced methods
and time, whereas advanced metastatic cancer sampling is usually fast and easy. This
might be one of the reasons why diagnosis time in lung cancer does not affect
prognosis[12,13], while the stage of lung cancer at diagnosis does determine survival
[14]. The faster pathway was shown to be beneficial in three studies[15-17]. In
Denmark, improved diagnostic accuracy has led to significant improvements in
survival rates and reduced mortality[18].

Access to new genomic techniques
It has been estimated that in the United States, approximately 80% of cancer patients
are treated at community hospitals without access to advanced genomic testing[19].
Clinical implementations of advanced cancer genomics have been limited to academic
cancer centers[19]. Advanced testing includes a combination of next-generation
sequencing and computational data analysis. In lung cancer, targetable gene
alterations are looked for first, including sensitizing epidermal growth factor receptor
(EGFR) mutations, anaplastic lymphoma kinase (ALK) and ROS-1 rearrangements, the
BRAF V600E mutation, NTRK 1/2/3 gene fusions, the METex14 skipping mutation
and RET rearrangement[20]. However, in practice, the list may be shorter if there is no
access to the cancer drug related to a given gene alterations. For example, in Finland it
is common practice to sequence only EGFR, ALK, ROS-1 and NTRK, because their
corresponding drugs have reimbursements available, and to leave others untested.
Keeling et al[21] defined common barriers to the clinical implementations of
companion diagnostic tests. Specifically, if physicians are not aware of biomarkers,
tests are not requested, and the quality and appropriateness of samples are essential
because accurate analysis requires enough sample of good quality. Tests are not
always available in existing laboratories. The results should be reliable and consistent.
If physicians lose confidence in using a certain cancer drug, test results might not be
available in time. Cancer treatment decision making usually requires fast test
turnaround times; if the results take more than 2 wk, this will decrease the willingness
to use the therapy. If tests are insufficiently reimbursed, then financial issues become
an obstacle. All technical obstacles need to be covered before patients can be indicated
for the rights treatment at the right time.
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Access to gene-driven cancer drugs

New drugs are entering clinical use via clinical trials, but not every country has access
to the results of clinical trials. When a cancer drug is approved based on the results of
clinical trials by drug registration agencies, it becomes available if the pharmaceutical
company seeks authorization in a specific country. Usually, the FDA in the States is
faster at approving than the EMA in Europe[22], but even faster approval might be
done in other countries, such as Canada, Australia, Japan, or China. Although most
applications rely on identical pivotal trials across regulatory agencies, only 57% of
indications received either FDA or EMA approval and approval by an additional
agency[23].

When a new cancer drug is approved, it becomes widely available, but there is an
additional obstacle to its use, which is the price (Figure 2). All new cancer drugs,
which are more expensive than old ones that are no longer covered by patents, should
have an additional payer to at least partially support its high costs. Of course, the first
payer is the patient, but support may come from insurance companies, government
institutions or fraternal societies. Coverage varies widely. Every country has its own
system based on available funds and evaluations that are performed mainly depen-
ding on efficacy results in clinical trials, as well as how the drug fits with treatments
currently in use. Correspondingly, in Finland, coverage of cancer drug prices is in
place. If a cancer drug is given in a hospital, it is provided by the hospital, which is
receiving funding from neighboring counties and subsided by the government. If a
cancer drug is taken at home in tablets, it may have governmental reimbursement.
Price can be covered partially with a defined annual maximum for the patient, after
which the drug is given free. Another possibility is full coverage with a nominal fee. If
a tablet drug has no reimbursement, the patient needs to pay for it in full.

CASE STUDY -GENOMIC TESTING FOR LUNG CANCER IN THE VAASA
ONCOLOGY CLINIC 2016-2019

The Vaasa Oncology Clinic covers 365000 people with approximately 50 annual first
visit consultations for oncological treatment of lung cancer. Gene testing for all
actionable mutations is implemented in our process. Altogether, 458 gene tests were
analyzed during 2016-2019 (pyrosequencing 2016-2017 and then NGS 2017-2019),
which covered 160 lung cancer patients (Table 1). Our focus was on EGFR driver gene
mutations, as there has been a reimbursed cancer drug available for these patients.
However, other actionable mutations, such as KRAS and BRAF mutations, were also
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Table 1 Number of tested patients during years 2016-2019

Pyrosequencing (all patients) NGS(all patients) Lung cancer cfDNA ALK (IHC) ROS-1 (IHC)
2016 128 1 39 5 8 0
2017 82 29 38 10 6 0
2018 0 125 49 28 51 0
2019 0 93 33 12 34 16

NGS: Next generation sequencing; ALK: Anaplastic lymphoma kinase; IHC: Immunohistochemistry.

Larotrektinib

NTRK | ]

EMA 40%

ROS1 | |
EMA 100%

Critsotinib
Critsotinib Alektinib Lorlatinib

ALK | |

EMA 40% Ema 100%100%  4do,
40% EMA

EMA 40% 100% EMA 40% 100% EMA  40% 100% EMA 40%  100%

EGFR |

[ 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 >

Figure 2 Presenting the history of the European Medicines Agency approvals and reimbursement situation in Finland (40%
reimbursement and 100% reimbursement), concerning gene-driven therapies for lung cancer. NTRK: Neurotrophic receptor tyrosine kinase; PET:
Positron emission tomography; CT: Computed tomography; EMA: European Medicines Agency; ALK: Anaplastic lymphoma kinase; EGFR: Epidermal growth factor
receptor.

observed and reported. As the reimbursement situation was improved during the
study years, ALK and ROS-1 genes were included in the testing pattern (immunohisto-
chemically analyzed and positive results verified by FISH) in 2018 and 2019, res-
pectively (Table 1). In addition to these tissue biopsy analyses, cfDNA liquid biopsy
samples were analyzed by digital PCR targeting EGFR. All the gene analyses were
conducted at the Jyvaskyld Central Hospital Pathology laboratory in central Finland.
To obtain the results from the implementation of the cancer treatment, the results were
expected to be received within two weeks of time.

During 2016-2019, we found 16 EGFR-positive tumors from tissue biopsies (Table 2),
corresponding to 5%-18% of tested patients/year (Table 2). The relative proportion of
EGFR-positive patients was much higher during 2018-2019 (12% and 18%, respecti-
vely) than during 2016-2017 (approximately 5% in both years). This large difference
can be explained in two ways: Either the patients were selected more precisely later
on, or the sensitivity of the analytical method used to detect EGFR mutations was a
determining factor (Table 1). In our protocol, all non-squamous-cell lung cancer pa-
tients who were considered for oncological treatment were tested, and the selection of
the patients should not have been changed dramatically during the reported study
years. cf DNA samples were studied to follow up the development of possible T790M
resistant mutations, so of the patients were tested several times. The total proportion
of cfDNA samples positive for EGFR mutations was 20%-25% (Table 2). Of all of these
EGFR-positive patients, analysis based on paraffin-embedded samples and cfDNA
samples guided 22 patients to EGFR-TKI therapies (afatinib, gefitinib and osimertinib).
The other documented actionable mutations in lung cancer varied from 0% (ROS-1) to
30% (KRAS).
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Table 2 Number of mutations found in genetic testing of lung cancer patients

EGFR-pos BRAF pos KRAS pos cfDNA EGFR-pos ALK-pos ROS-1-pos
2016 2 (5%) NR NR 1 (20%) 0 0
2017 2 (5%) NR NR 2 (20%) 0 0
2018 6 (12%) 1(2%) 9 (18%) 6 (21%) 2 (4%) 0
2019 6 (18%) 2 (6%) 10 (30%) 3 (25%) 0 0

EGFR: Epidermal growth factor receptor; ALK: Anaplastic lymphoma kinase; NR: Not reported.
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We are confident that we can identify lung cancer patients who would benefit from
targeted therapies based on gene morphology. Initial biopsy and rebiopsy in lung
cancer are challenging, but with an adequate team, safe sampling is possible. Early
planning of the diagnostic procedure together with radiologists is advisable, and this
daily interaction needs to be based on actual data. For fast processing, pathologists and
molecular pathologists need to stay informed about the current requirements.
Extensive testing takes almost two weeks at the moment, and this process needs to be
made faster. Liquid biopsy as a follow-up tool for T790M development is working
well.

DISCUSSION

Rapid diagnosis and prevalence assessment influence the prognosis of a lung cancer
patient based on the latest research findings. Therefore, the molecular genetic
diagnostic pathway must also be accelerated and developed to run the necessary tests
on small samples. Because lung cancer rebiopsy can be difficult, liquid biopsy
techniques should be developed to cover more treatable mutations. Even though it
was relatively easy to find a laboratory in Finland that could do the required analyses
by the proper techniques, our challenges were sampling and handling the samples in
time in the laboratory. Rebiopsy for tissue samples was difficult to organize, partially
because only restricted personnel could take the biopsies but also because sampling
was often deemed too difficult or to have excess risks. Blood samples of liquid biopsy
were far easier to take, but there we ran into the problem that analyses were less
comprehensive when done on liquid biopsies than on paraffin samples. In fact, the
only recognized reliable tests in liquid biopsy were for EGFR and its resistance
mutation T790M, so those were the only ones done routinely. Logistics was also
challenging, as our limit for clinical answers was 2 wk, which was a demanding
timeline that was often exceeded by a couple of days. However, if gene results are not
obtained in 2 wk, the treatment decision is jeopardized, and delays in the initiation of
treatment were frequent. Similarly, gene-driven therapies would have fit nicely into
our treatment procedure, but the biggest limitation was the lack of reimbursements.
New gene-driven drugs were so expensive that ordinary Finns could not afford them.
There needed to be a copayment, and there was not, the drug was not prescribed at all,
and no gene testing was needed. Therefore, the reimbursement system effectively
dictated cancer therapy. Finally, based on our experience, it was not the availability of
gene testing, samples or procedures but rather national reimbursement for particular
drugs that had the greatest impact on the use of gene-driven therapies.

In a recent OECD report, challenges in access to oncological medicines were
addressed from a financial perspective[18]. Patients expect rapid access to new cancer
drugs, but that is not the reality, mainly because of both clinical and financial
uncertainties and the position of the new drug in relation to the standard therapies.
Societal willingness and capacity to pay vary across countries, and health technology
assessments face the difficulties of estimating cost effectiveness, determining the
position of new drugs, and, in the case of multiple indications, dealing with po-
pulations of varying size. The rate of co-coverage ranges from free of charge to a
copayment with or without a payment or coinsurance with or without a cap. The
situation in Finland, which was not included in the report, is in the middle, with a
fixed copayment for self-administered drugs and a fixed copayment without a cap for
hospital inpatient care. Therefore, hospitals supported by small counties cover
intravenous cancer drugs administered in outpatient wards, and a separate reimbur-
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sement system is for prescribed tablet cancer drugs.

Similarly, we found in our case study that reimbursement was a major factor that
actually influenced the use of gene-driven cancer drugs, as if there was no reim-
bursement, no testing was organized for the particular gene, and the cancer drug was
not available for patients. Copayments are organized individually in each European
country, and thus, there is heterogeneity in access to cancer drugs. Our Finnish system
restricts considerable gene-driven cancer therapy. In our system, intravenous drugs
are covered by hospitals and all tablets by copayment if approved for governmental
reimbursement. Reimbursement decisions are slow in Finland and can take 4 years,
similar to what happened with full crizotinib reimbursement (Figure 2). At the same
time, marketing authorization comes fast after EMA approval.

CONCLUSION

The use of molecular testing and immunohistochemistry in lung cancer has evolved in
recent years. We are still looking for the best combination of biomarkers, and
negotiation among oncologists, invasive pulmonologists, invasive radiologists, lung
pathologists and molecular pathologists continues. As the samples are small, both
cytology and core biopsy, discussion what to prioritize is needed.

Lung cancer is mutation dense and has more predictive genes that potentially
influence treatment decisions than any other cancer type. However, there are many
obstacles to clear before a new drug becomes available for prescription by clinicians.
The first requirement is the existence of a new cancer drug with efficacy relating to
gene testing. Second, test methods and appropriate samples need to be available.
Third, the new drug needs to be affordable to patients. All these elements need to be in
place before the new drug is available to patients, following the concept of the right
drug at the right time.
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