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variety of molecular tests are currently in use to
Adetect oncogenic driver mutations in patients

with non—small cell lung cancer (NSCLC), par-
ticularly in those with advanced-stage adenocarcino-
ma.'* For some time, molecular testing in the United
States has been complicated by the regulatory environ-
ment, which is currently divided between the FDA and
the Centers for Medicare & Medicaid Services (CMS).>
Tests regulated by the FDA and CMS are often used for
the same purpose and in patients with the same condi-
tion, which has raised concerns that the different regula-
tory standards of each agency may introduce an un-
known degree of variability into clinical practice.®

In October 2014, the FDA announced its
intention to extend oversight of diagnostics
to include LDTs due to the increasing
complexity of LDTs and their growing role
in guiding treatment decisions.

The FDA has historically regulated molecular tests
manufactured and sold as kits by diagnostics companies,
whereas CMS has overseen tests made and used within a
single laboratory, called laboratory-developed tests
(LDTs).> In oncology, tests regulated by the FDA are
typically called “companion diagnostics” owing to the
agency’s practice of approving targeted therapies and
diagnostics concurrently. The FDA approval process is
designed to ensure that individual tests are accurate, re-
liable, and clinically valid, whereas CMS regulation
under the Clinical Laboratory Improvement Amend-
ments (CLIA) is designed to assure that tests are proper-
ly performed, largely through the oversight of laboratory
personnel and procedures. Although all tests are under
its jurisdiction, as a matter of policy the FDA has not

actively regulated LDTs since the start of the medical
device program in 1976. At the present time, companion
diagnostics undergo rigorous premarket review by FDA,
whereas LDTs generally do not.

In October 2014, the FDA announced its intention
to extend oversight of diagnostics to include LDTs
due to the increasing complexity of LDTs and their
growing role in guiding treatment decisions.” In a Fed-
eral Register notice, the FDA stated that over 11,000
LDTs are currently used in practice.® Yet, to date, it
remains unclear how frequently LDTs are used com-
pared with available FDA-approved tests to guide the
use of targeted therapies.

We attempt to estimate the extent to which LDTs are
used in NSCLC patients with advanced-stage adenocar-
cinoma, a setting in which molecular testing for 2 specif-
ic alterations is considered standard of care and recom-
mended by major clinical guidelines.”!® Testing for ALK
gene rearrangements and epidermal growth factor recep-
tor (EGFR) mutations is recommended so that patients
with these genetic abnormalities can receive effective
treatment with targeted agents.

Material and Methods
Study Sample Design

A universe sample frame of NSCLC-treating oncolo-
gists was created by sourcing Symphony Health Analyt-
ics’ 2014 insurance claims activity for all oncologists in
the United States for both the 162 series of lung cancer
ICD9 codes as well as the claims activity related to
prescribing lung cancer—targeted therapies (erlotinib,
afatinib, crizotinib, and ceritinib). By combining both
sources, we identified 10,184 oncologists with activity
related to the care of lung cancer patients. To ensure
that the physicians targeted for this research would
have the required minimum number of patients to par-
ticipate, we further limited this sample to those with at
least 3 unique lung cancer patients in all of 2014. This
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reduced the list of oncologists to 8129, thus serving as
the sample frame for this survey. All 8129 NSCLC-treat-
ing oncologists were invited to participate in the survey
by e-mail or postal mail. Oncologists were eligible to
participate if they personally managed at least 5
NSCLC patients per month and diagnosed at least 1
NSCLC patient in the past 12 months. A total of 221
oncologists responded to the survey and 153 met eligi-
bility criteria and completed the survey. Participants
were offered an industry standard honorarium as com-
pensation for their time in completing the survey. The
survey was administered online and was fielded from

April 8, 2015, to September 14, 2015.

Data Collection

A questionnaire was developed to collect ano-
nymized information on patients with stage IV
NSCLC in the United States. We developed and
pretested this instrument through interviews and con-
sultations with 13 NSCLC-treating oncologists before
launching the survey online. In the online survey,
physicians were asked to randomly select between 3
and 8 stage IV NSCLC patients from their list of pa-
tient charts. To ensure random chart selection, oncol-
ogists were asked to choose patients whose last names
began with a random selection of letters. Patient
charts were required to have been active in the prac-
tice within the past 12 months to be eligible for inclu-
sion in the study. The anonymized information col-
lected for each patient chart consisted of the following:
background information (age, weight, gender, ethnic
origin, concomitant conditions, insurance type, smok-
ing status), the year NSCLC was diagnosed, informa-
tion about the genetic test (which test was used, when
and in which setting was it performed, and what was
the outcome of the test), and type of treatment pa-
tients subsequently received. The 153 oncologists who
participated in the survey provided information for
765 patients in total. All patient chart audit data col-
lection fields were Health Insurance Portability and
Accountability Act compliant and contained no pa-
tient identifying information.

Data Analysis

All survey data were analyzed in aggregate, and the
individual identities of the survey respondents were
blinded to the study authors. Data were analyzed in
total and split per histological subtypes. Other dimen-
sions such as the type of setting, geographical region,
patients’ ethnic origin, insurance types, and smoking
status were used to segment the analysis. The key ele-
ment in the analysis was to determine, for each patient,
whether a molecular test was used to identify EGFR
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KEY POINTS

> A number of molecular tests are currently used to
detect oncogenic driver mutations in patients with

NSCLC

> In October 2014, the FDA announced its intention
to extend oversight of diagnostics to include LDTs

> It remains unclear how frequently LDTs are used
compared with available FDA-approved tests

> LDTs and FDA -regulated tests are often used in the
same setting, raising the concern that an unknown
degree of variability may exist between tests for the
same intended use

> Steps should be taken to mitigate uncharacterized
variability between tests used in the same clinical
setting

and/or ALK alterations, and if so, whether the tests
used were LDT or FDA approved. To that end, approv-
al status of tests was determined from FDA’s publicly
available list of approved companion diagnostics at the
time of the survey. At the time of the survey there was

no FDA-approved ROSI test for NSCLC. Therefore,

The key element in the analysis was to
determine, for each patient, whether a
molecular test was used to identify EGFR

and/or ALK alterations, and if so, whether
the tests used were LDT or FDA approved.

all ROS1 tests performed were qualified as LDT. Fur-
thermore, in many instances, oncologists surveyed did
not know what type of test was performed. In instances
where the information was not provided by the oncol-
ogists, we followed up with the pathology lab of the
relevant treating center and obtained the information
by phone. We followed up with pathology labs from
96 centers and clarified the type of test for 340 of 659
EGFR-tested patients and for 288 of 562 ALK-tested
patients. Data presented in this paper include the
information obtained through the phone follow-up.

Ethics, Consent, and Permissions

Data for this work were obtained through market re-
search, and no experiment on humans has been carried
out. As such, there was no institutional and/or licensing
committee involved in approving the experiments, and
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no need for informed consent from the participants, as
stated in national regulations (HHS.gov; US Depart-
ment of Health & Human Services; www.hhs.gov/ohrp/
humansubjects/guidance/45cfr46.html#46.102). This
survey was done in accordance with market research
guidelines such as the ones edited by the Council of
American Survey Research Organizations.

Statistical Analysis

Clustered logistic regression was performed to as-
sess whether respondent characteristics (practice set-
ting, practice ownership, geographic region) correlat-
ed with use of an FDA-approved test. Clustering of
patient records was done according to each oncolo-
gist’s group of patients.

Although clear guidance was provided to
ensure randomization of patient selection, it
cannot be ruled out that some respondents
might have focused on their most recent
patients, or those who have been tested.

Limitations

It should be noted that this survey has a number of
limitations. First, this survey focused on oncologists, and
not pathologists. The purpose of the research was to
evaluate the frequency and type of testing performed and
identify whether any differences in testing status were
associated with patient characteristics such as age,
weight, gender, ethnic origin, concomitant conditions,
insurance type, smoking status, etc. We believe that on-
cologists are best suited to access this type of informa-
tion. Topics relating to reasons for not testing a patient,
number of alterations assessed (single genetic test vs
next-generation sequencing), or reasons for using one
type of test versus another, may largely fall with the pa-
thologist and were outside the scope of the research.
Second, our study was not designed to address the com-
parative outcomes of patients tested with LDTs versus
FDA -approved tests. Third, while we assume that partic-
ipation in the survey was random and represented basic
interest and knowledge in this disease area, the potential
for bias in the set of responders versus nonresponders
does exist. Due to the methodology, a true response rate
cannot be calculated for this survey. Physicians were in-
vited by email or postal mail, and they voluntarily self-
screened based on knowledge, interest, and experience
level in treating this condition. They had the opportuni-
ty to respond to the survey invitation by logging on to
the online survey. As it is unknown how many physi-

cians successfully received, reviewed, and self-screened
for this survey invitation, the true response rate is un-
known. Fourth, as with any survey, our findings may be
influenced by response bias of the survey respondents.
Although clear guidance was provided to ensure ran-
domization of patient selection, it cannot be ruled out
that some respondents might have focused on their most
recent patients, or those who have been tested. Despite
the potential for bias, we believe the data presented here
are valuable as they represent real-life data and are usu-
ally not obtainable on a large scale. Additionally, a por-
tion of patient records (and associated pathology reports)
did not include information on the type of test used to
detect lung cancer mutations and had to be excluded
from further analysis (72 [14.5%)] of patients tested for
EGFR; 79 [16.5%)] of patients tested for ALK). And
last, KRAS testing rates, which predict resistance to
EGFR-targeted therapy, were not evaluated because the
study design predated inclusion of KRAS testing practice
recommendations and guidelines.

Results
Participants

The sample of responding physicians was split across
practice setting (19% academic, 24% community, 58%
private) as well as geographic region and practice owner-

ship (Table 1).

Patient Characteristics

A total of 765 patients with stage [V NSCLC were
reviewed in this study. The demographic characteristics
of this group are presented in Table 2. Histological sub-
type split was as follows: 579 (76%) of patients had ade-
nocarcinoma, 147 (19%) had squamous cell carcinoma,
and 39 (5%) had other type (including large cell and
NSCLC not otherwise specified). Distribution by prac-
tice setting was as follows: 445 (58%) of patients were
followed in privately owned clinics, 181 (24%) in com-
munity-based centers, and 139 (18%) in academic med-
ical centers. Fifty-two percent of patients were male, and
61% were aged 65 years or older.

Overdll Test Rate

Among the 579 patients with adenocarcinoma, 550
(95%) and 489 (84%) were tested for EGFR muta-
tions and ALK rearrangements, respectively (Table
3). Other genetic alterations (BRAF, MET, HER2,
RET) were tested at lower frequencies, with one ex-
ception being ROSI gene fusion testing at 28% of
adenocarcinoma patients.

Use of FDA-Approved Tests

Of the 550 adenocarcinoma patients tested for
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1LV RN Characteristics of Physicians Who Responded and Completed the Patient Chart Review
Type of Setting No. %
Academic center 29 19
Community-based center 36 24
Private clinic 88 58
Grand Total 153 100
Region

Midwest 28 18
Northeast 37 24
South 61 40
West 27 18
Grand Total 153 100
Practice Ownership

Physician-owned 91 59
Hospital-owned 59 39
Other 3 2
Grand Total 153 100

EGFR mutations, 496 (90%) were diagnosed or tested
following the first FDA approval of an EGFR test for
lung cancer on May 14, 2013. Seventy-two patients
had an unknown test type and were excluded from fur-
ther analysis. Of the remaining 424 patients, 55 (13%)
received an FDA-approved test and 369 (87%) re-

agencies. Although much has been written about the
rate of molecular testing in oncology and in lung cancer
specifically, little is currently known about the relative
use of FDA- versus CLIA-regulated tests (the latter are

The high rate of overall testing observed in
this study is consistent with other findings
in the literature and supports the claim that
molecular testing is now a routine part of

ceived a LDT (Table 4).

We performed a similar analysis for adenocarcinoma
patients tested for ALK rearrangements. Of the 489 ade-
nocarcinoma patients tested for ALK, 478 (98%) were
diagnosed or tested on or after August 26, 2011, the date

of the first drug-diagnostic approval for NSCLC with
detected ALK rearrangement. Excluding 79 patients
with unknown test type, 204 (51%) patients received an
FDA-approved test while 195 (49%) were tested with an
LDT (Table 4).

Statistical Analysis

The characteristics practice setting, practice owner-
ship, and geographic region were evaluated for correlation
with use of an FDA -approved test. None of the character-
istics reached nominal statistical significance (P <.05) for

use of either an FDA-approved EGFR or ALK test.

Discussion

This study was undertaken to evaluate the preva-
lence of molecular testing in lung cancer, as well as the
use patterns of tests overseen by different regulatory
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advanced lung cancer treatment.

referred to as LDTs in this article). This study seeks to
address that gap by viewing lung cancer as a case study,
owing to the diversity of testing options that exist in
that setting. Findings from this study will help inform
the debate over how best to structure regulatory over-
sight of molecular testing in the future.

The patient chart review conducted in this study
revealed that a large proportion of patients with ad-
vanced lung adenocarcinoma underwent molecular
testing for EGFR mutations and ALK rearrangements
in accordance with major clinical guidelines.”!® The
high rate of overall testing observed in this study is
consistent with other findings in the literature!!!? and
supports the claim that molecular testing is now a rou-
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Demographic Characteristics of Stage IV Non-Small
Cell Lung Cancer Patients
Total Sample (N = 765)

Characteristics No. %
Sex

Female 394 48

Male 371 52
Age groups

18-39 years 18 2

40-64 years 282 37

65+ years 465 61
Geographic region

Midwest 149 19

Northeast 169 22

South 305 40

West 142 19
Type of practice

Academic center 139 18

Community-based center 181 24

Private clinic 445 58
Ethnic origin

Caucasian 499 65

African American 139 18

Asian 69

Hispanic 48

Other 10 1
Histological subtypes

Squamous cell carcinoma 147 19

Adenocarcinoma 579 76

Other type 39 5
Smoking status

Current smoker 187 24

Past smoker 363 47

Passive smoker 33 4

Never smoked 175 23

Unknown 7 1
Distribution of study population across 7 factors of interest. Information
on 765 patients was provided by 153 responding physicians.

tine part of advanced lung cancer treatment. Moreover,
the finding that ROSI was the third most commonly
tested biomarker is not surprising given the fact that

| Personalized Medicine in Oncology | www.PersonalizedMedOnc.com

ROSI has been recognized as a potential therapeutic
target for some time!* and was approved as a target for
crizotinib in March of 2016.

This study also found that testing was more com-
monly performed with LDTs than with FDA -regulated
tests for EGFR mutations and was evenly split between
LDTs and FDA-regulated tests for ALK rearrange-
ments. The high rate of LDT use may be caused by a
number of factors. First, clinical guidelines are not pre-
scriptive about specific testing platforms. [t remains
unknown whether there is any quality trade-off associat-
ed with the use of many commonly used LDTs in place
of FDA -regulated tests in settings where both exist, and
both FDA-regulated tests and LDTs are generally con-
sidered acceptable so long as proven test methodologies
are used.!® Second, many LDTs became available prior
to the introduction of FDA-approved alternatives. This
was the case, for example, with tests for EGFR muta-
tions in lung cancer, where the first EGFR-targeted
therapy was approved several years prior to FDA clear-
ance of an EGFR test, leading to the introduction of

This study also found that testing was
more commonly performed with LDTs
than with FDA-regulated tests for EGFR
mutations and was evenly split
between LDTs and FDA-regulated tests
for ALK rearrangements.

LDTs!7 for EGFR prior to the approval of the cobas
EGFR Mutation Test. As a result, physicians may have
developed comfort and familiarity with the LDT prior to
the availability the FDA-approved test. Third, many
tumor biopsies provide limited tissue for testing, which
may encourage the use of assays that detect multiple
biomarkers simultaneously, none of which are currently
FDA -approved for use in lung cancer. This study did not
collect information on the cost of tests, and we cannot
speculate on whether cost plays a role in the decision to
use an FDA -regulated test or an LDT.

There are pros and cons to the widespread use of
LDTs. On the one hand, LDTs may offer rapid techni-
cal advances and facilitate innovation in molecular
testing and have been demonstrated in some cases to
offer advantages beyond existing FDA-regulated alter-
natives.'®° On the other hand, concerns exist that
LDTs are not currently subjected to premarket review
by the FDA and thus are not required to meet the same
evidentiary standards as FDA-regulated tests. Addi-
tionally, LDTs have in at least some instances been
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1L Mutation Test Rate for Stage IV Non-Small Cell Lung Cancer Patients

Total Sample (N = 765) Adenocarcinoma (n = 579)

Mutation type No. % No. %
EGFR mutation 659 86 550 95
ALK rearrangement 562 73 489 84
BRAF V600E mutation 38 5 32 6
MET amplification 40 5 30

ROSI rearrangement 181 24 162 28
HER2 mutation 31 23 4
RET rearrangement 25 19

Other 35 25 4

Table 4 Use of FDA-Approved vs Laboratory-Developed Tests in Non—Small Cell Lung Cancer Stage IV

Adenocarcinoma Patients

EGFR Mutations (n = 424) ALK Mutations (n = 399)

Mutation types No. % No. %
FDA -approved test 55 13 204 51
Laboratory-developed test 369 87 195 49

Rates of EGFR and ALK testing of stage IV adenocarcinoma patients using FDA-approved and laboratory-developed tests.
Analysis was conducted such that test use was measured only when an FDA-approved version of the test was available.
Therefore, EGFR data are for patients who were tested after May 2013, and ALK data include patients who were tested
after August 2011. Regression analysis was performed to assess whether geographic region or type of practice were correlat-
ed with use of an FDA -approved test, and neither of the characteristics reached nominal statistical significance (P <.05).

reported to perform poorly, as noted in a report of case
studies released by the FDA.?° This study does not seek
to address the relative quality of LDTs and FDA-regu-
lated tests, but rather the relative frequency of use.

Owing to the large number of tests currently in use,
some of which have been subjected to premarket re-
view by FDA while others have not, there exists the
potential for wide variability in test performance and
claims.?!® As demonstrated by this study, LDTs and
FDA -regulated tests are often used in the same setting,
raising the concern that an unknown degree of variabil-
ity may exist between tests for the same intended use.

Steps should be taken to mitigate uncharacterized
variability between tests used in the same clinical set-
ting. Further evaluation of the relative performance of
tests intended to measure the same alteration is needed
to identify cases in which different tests may not pro-
vide comparable results. ¢
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