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/ABSTRACT

Background. National Comprehensive Cancer Network (NCCN)
guidelines recommend biomarker testing as the first step in the
management of patients with advanced non-small cell lung can-
cer (aNSCLC). We assessed anaplastic lymphoma kinase (ALK)
testing rates and factors related to underuse in community
medical systems between 2012 and 2019 to understand guide-
line adoption.

Methods. A retrospective observational study using a nation-
wide electronic health record (EHR)-derived deidentified data-
base was conducted. Patients with aNSCLC diagnosed in
community medical centers from January 2012 to May 2019
were included to describe the ALK testing trend. This cohort
was further restricted to patients diagnosed after 2015 to
understand factors associated with testing underuse using
mixed-effects multivariable logistic regression models.
Results. Trends for increased ALK testing rates by year were
observed in both NCCN guideline-eligible patients (59.5% in

2012 to 84.1% in 2019) and -ineligible patients (15.6% to
50.8%) in a cohort of 41,728 patients. Histology type and
smoking status had the greatest impact on test use. Com-
pared with patients with nonsquamous histology and no
smoking history, patients with squamous histology and no
smoking history (adjusted odds ratio [aOR], 7.6; 95% confi-
dence interval [CI], 5.6-10.4), NSCLC histology not other-
wise specified (NOS) with smoking history (aOR, 3.4; 95%
Cl, 2.8-4.2); NSCLC NOS/nonsmoker (aOR, 1.8; 95% Cl, 1.1-
3.2), and nonsquamous/smoker (aOR, 1.5; 95% Cl, 1.3-1.7)
were less likely to be tested. Factors related to underuse
also included Eastern Cooperative Oncology Group perfor-
mance status, stage at initial diagnosis, and demographics.

Conclusion. This analysis of real-world data shows increas-
ing test use by year; however, one fifth of patients eligible
for ALK testing still remain untested and potentially missing
therapeutic options. The Oncologist 2021;26:e1050-e1057

Implications for Practice: Advancement in treatment of lung cancer is accompanied by an increasing number of tests that
should be run to determine potential therapy options for each patient. This study assessed adoption of testing recommen-
dations for anaplastic lymphoma kinase rearrangements in a national database. Although test use increased over the time
period studied (2012-2019), there is still room for improvement. Efforts are needed to increase test use in undertested
groups, thus enabling eligible patients to benefit from novel lung cancer therapies.

INTRODUCTION

Despite significant advances in targeted therapy and immu-
notherapy, lung cancer remains the leading cause of cancer-
related mortality [1]. Formerly lumped under a broad

histologic umbrella, lung cancer has been revealed by our
current understanding of its molecular profiles to be a dif-
ferent number of disease entities often characterized by
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targetable driver mutations [2]. The astonishing number of
actionable mutations coupled with often well-tolerated oral
therapies has transformed the care of patients with
advanced lung cancer [3]. Guidelines have been published
to provide high-level evidence of molecular testing [4].
However, owing to the persistent problem of limited tumor
samples from small biopsies in patients often with signifi-
cant underlying comorbidities, undertesting (and the
related concept of undergenotyping) remains a significant
concern for getting the broadest amount of information on
a patient’s tumor to the treating physician. In addition,
treating patients with immunotherapy prior to determining
the patient’s genomic status can be problematic as the
sequence of exposure (immunotherapy prior to targeted
therapy) puts patients at risk for significant complications
of pneumonitis or hepatitis [5]. Thus, careful consideration
must be given to correctly using precious biopsy tissue to
acquire the required genomic information [6].

Anaplastic lymphoma kinase (ALK) translocations have
been described in approximately 4% of lung adenocarcinomas
[7]. These tumors tend to arise in light or never-smokers who
are younger, although these clinical features are not robust
enough to select patients who could avoid genotyping. Multi-
ple oral agents now exist that have high response rates with
very acceptable side effect profiles [8-11]. In addition, patients
progressing on frontline therapy should be considered to
undergo rebiopsy, as some will have an acquired resistance
mutation that can also be targeted with different tyrosine
kinase inhibitors (TKIs) [12].

Guidelines for testing patients with lung cancer have pro-
vided direction for practitioners, but unfortunately, outside of
individual institutions, it is difficult to evaluate how widely
guidelines have been adopted in routine practice. Real-world
databases and registries provide an opportunity to evaluate
this question on a national scale. The purpose of this study
was to obtain insights on ALK test use and alignment with cur-
rent guideline recommendations at the community practice
level through interrogation of a real-world database.

MATERIALS AND METHODS

Study Design and Data Source

This retrospective observational study used Flatiron Health’s
nationwide longitudinal, deidentified database derived from
electronic health record (EHR) data from approximately 280 U.
S. cancer clinics (~800 sites of care). The Flatiron Health data-
base is composed of deidentified patient-level structured and
unstructured data, curated via technology-enabled abstraction
[13, 14], and the majority of patients in the database originate
from community oncology settings; relative community/aca-
demic proportions may vary depending on study cohort. Insti-
tutional review board approval of the study protocol was
obtained prior to conduct of the study and included a waiver
of informed consent.

Study Population

Patients with advanced non-small cell lung cancer (aNSCLC;
stage llIB, llIC, or IV by American Joint Committee on Cancer
7th edition) diagnosed from January 2012 to May 2019 were
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included. Eligible patients were also required to be >18 years
of age at NSCLC diagnosis, have a follow-up visit 210 days
from NSCLC diagnosis, and have at least one medical activity
within 120 days of advanced NSCLC diagnosis. Patients were
excluded from analysis for missing information (gender,
region, stage, or smoking status) or potentially contradicted
information (ALK TKIs treatment without evidence of ALK test-
ing). The cohort was further limited to patients from commu-
nity medical centers. This full cohort of patients (2012 patient
cohort) diagnosed between January 2012 and May 2019 was
analyzed to describe the trend of ALK test use (irrespective of
test methodology) in the past 7.5 years.

A subcohort with patients diagnosed since January 2015
was analyzed to describe ALK testing use in the recent
5 years (2015 patient cohort). In this subcohort, we further
restricted the analysis to patients who were eligible for ALK
testing per NCCN guidelines (ALK eligible cohort) to under-
stand the factors associated with ALK testing in ALK testing-
eligible patients from 2015 to 2019.

Definitions of Key Variables

Per NCCN guidelines, a patient was eligible for ALK testing if
they had an adenocarcinoma, large cell carcinoma, or NSCLC
not otherwise specified (NOS); patients with squamous cell
carcinoma with no history of smoking were also eligible.
Although patients with small biopsy specimens or mixed his-
tology and squamous histology type were also recommended
as ALK testing eligible by NCCN guidelines, such data were not
well-captured in the EHR and were not included as a criterion
of ALK testing eligibility in this study. Those patients who had
documented smoking history and squamous histology were
defined as ineligible for ALK testing.

ALK testing information was obtained from biomarker
reports (e.g., next-generation sequencing [NGS]), pathology
reports/addendums, or physician notes. Testing methods
included fluorescence in situ hybridization (FISH), immunohis-
tochemistry, NGS, polymerase chain reaction, others, and
unknown. ALK status is reported in the database as presence
or absence of the rearrangement, pending results, unsuccess-
ful or indeterminate test, or unknown status. Patients were
considered ALK tested when there was documented evidence
of ALK testing, including ALK testing-related dates or results.

Statistical Analysis

Descriptive statistics were used to describe patient baseline
characteristics. Continuous variables were summarized with
mean and SD. Frequency counts and the percentage of patients
within each category were reported for categorical variables. In
the ALK eligible cohort, bivariate logistic regression analysis was
used to determine the association of patients’ demographic
and clinical characteristics (individually) with ALK testing status.
Mixed-effects multivariable logistic regression analysis (with
hospital as a random effect) was used to identify factors associ-
ated with ALK testing status. Adjusted odds ratios (aOR) and
95% confidence intervals (Cls) were reported, and ORs greater
than 1 indicated higher likelihood of being untested. For all ana-
lyses, significance levels were two-tailed, and aORs reported
with 95% Cls that do not include one were considered statisti-
cally significant. All statistical analyses were performed by using
R statistical package version 3.5.3 (R Foundation, Vienna) and
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Table 1. Demographic and clinical characteristics of patients with aNSCLC diagnosed from 2015 to 2019

NCCN ALK testing-eligible NCCN ALK testing-ineligible
All patients patients patients

Characteristics n (%) n (%) ALK-tested, % n (%) ALK-tested, %
Total number of patients 26,617 (100.0) 19,930 (100.0)  81.7 6,687 (100.0) 40.4
Age at advanced NSCLC diagnosis, yr

Mean (SD) 69.0 (9.8) 70.0 (15.0) 71.0 (13.0)

18-49 789 (3.0) 681 (3.4) 88.0 108 (1.6) 50.9

50-64 7,659 (28.2) 5,995 (30.1) 82.7 1,664 (24.9) 42.2

65+ 18,169 (68.3) 13,254 (66.5) 81.0 4,915 (73.5) 39.5
Gender

Female 12,476 (46.9) 10,065 (50.5) 82.9 2,411 (36.1) 41.0

Male 14,141 (53.1) 9,865 (49.5) 80.5 4,276 (63.9) 40.0
Race

White 18,096 (68.0) 13,319 (66.8) 81.7 4,777 (71.4) 40.1

Black 2,286 (8.6) 1,716 (8.6) 79.7 570 (8.5) 37.7

Asian 769 (2.9) 673 (3.4) 84.0 96 (1.4) 45.8

Other races 2,745 (10.3) 2,113 (10.6) 82.2 632 (9.5) 435

Unknown 2,721 (10.2) 2,109 (10.6) 82.0 612 (9.2) 40.8
Region

Midwest 4,599 (17.3) 3,382 (17.0) 81.3 1,217 (18.2) 32.0

Northeast 5,810 (21.8) 4,441 (22.3) 81.3 1,369 (20.5) 38.0

South 11,744 (44.1) 8,584 (43.1) 81.2 3,160 (47.3) 44.2

West 4,464 (16.8) 3,523 (17.7) 83.7 941 (14.1) 41.9
Insurance type

Commercial 9,192 (34.5) 7,064 (35.4) 83.3 2,128 (31.8) 43.0

Medicare 11,763 (44.2) 8,652 (43.4) 80.9 3,111 (46.5) 40.1

Medicaid 1,068 (4.0) 788 (4.0) 79.8 280 (4.2) 41.4

Assistance program 472 (1.8) 346 (1.7) 87.9 126 (1.9) 45.2

Other payers 3,231 (12.1) 2,422 (12.2) 80.8 809 (12.1) 37.1

Unknown 891 (3.3) 658 (3.3) 78.3 233 (3.5) 28.8
aNSCLC diagnosis year

2015 5,991 (22.5) 4,542 (22.8) 78.6 1,449 (21.7) 25.6

2016 6,228 (23.4) 4,712 (23.6) 79.3 1,516 (22.7) 324

2017 6,339 (23.8) 4,731 (23.7) 84.4 1,608 (24.0) 45.7

2018 5,969 (22.4) 4,414 (22.1) 83.7 1,555 (23.3) 52.7

2019° 2,090 (7.9) 1,531 (7.7) 84.1 559 (8.4) 50.8
Smoking status

Nonsmoker 3,136 (11.8) 3,136 (15.7) 84.9 NA NA

Smoker 23,481 (88.2) 16,794 (84.3) 81.1 6,687 (100.0) 40.4
Histology

Nonsquamous 18,406 (69.2) 18,406 (92.4) 83.0 NA NA

NSCLC NOS 1,262 (4.7) 1,262 (6.3) 69.0 NA NA

Squamous 6,949 (26.1) 262 (1.3) 55.0 6,687 (100.0) 40.4
Initial stage

Stage occult—IIIA 6,190 (23.3) 4,260 (21.4) 78.8 1,930 (28.9) 42.2

Stage I1IB-IIIC 3,068 (11.5) 1,733 (8.7) 72.4 1,335 (20.0) 31.0

Stage IV 17,359 (65.2) 13,937 (69.9) 83.8 3,422 (51.2) 43.0

Data presented as n (%) or mean (SD) unless otherwise noted.

#2019 data are from January 1, 2019 to May 31, 2019.

Abbreviations: ALK, anaplastic lymphoma kinase; aNSCLC, advanced non-small cell lung cancer; NCCN, National Comprehensive Cancer Network;
NOS, not otherwise specified; NSCLC, non-small cell lung cancer.
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Figure 1. Distribution of anaplastic lymphoma kinase test methodology by year in patients with advanced non-small cell lung cancer

from 2012 to 2019 in U.S. community medical centers.

Abbreviations: FISH, fluorescence in situ hybridization; IHC, immunohistochemistry; NGS, next-generation sequencing; PCR, poly-

merase chain reaction.
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Figure 2. Trend of ALK testing in patients with advance non-small cell lung cancer from 2012 to 2019 in community medical centers
in the U.S. Testing rates were calculated among NCCN test-eligible and -ineligible patients, respectively, from 2012 to the first half

of 2019.

Abbreviations: ALK, anaplastic lymphoma kinase; NCCN, National Comprehensive Cancer Network.

SAS Studio Enterprise version 3.7 (SAS Institute Inc, Cary, NC).
Data analysis was completed in February 2020.

RESULTS

Patient Characteristics

An initial cohort of 41,728 patients with aNSCLC diagnosed
from 2012 to 2019 was included. This cohort was used to
assess trends in ALK test use. As routine ALK testing was first
recommended in NCCN guidelines in late 2011, we chose
January 2012 as the beginning time point to assess ALK testing
trends [15]. Detailed analysis was then performed on patients
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(26,617) diagnosed with NSCLC from January 2015 to May
2019 (2015 patient cohort) who met the selection criteria
(Table 1). This cohort was selected to allow time for practices
to adopt the changes to NCCN guidelines and assess adher-
ence to the recommendations. The mean age of patients was
69.0 years (SD, 9.8). Men composed 53.1% of the 2015 patient
cohort and 68.0% of patients were White. The majority of
patients had de novo NSCLC (76.7%) with nonsquamous his-
tology as the predominant histology type (69.2%). A large per-
centage (88.2%) of the patients had a history of smoking.

In this 2015 patient cohort, 75% of patients were eligible
for ALK testing per NCCN guidelines, whereas one quarter
were ineligible (smokers with squamous histology).

© 2021 Roche Diagnostics Corp.
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Figure 3. ALK testing rate stratified by histology and smoking status in patients with advanced non-small cell lung cancer diagnosed

from 2015 to 2019 in U.S. community medical centers.

Abbreviations: ALK, anaplastic lymphoma kinase; NCCN, National Comprehensive Cancer Network; NOS, not otherwise specified.

Characteristics OR
Age 50+ vs. 18-49 years 1.5
Male vs. Female 1.2
Other payers vs. Commercial 1.2
Advanced NSCLC diagnosis year 2012-2016 vs. 2017-2019 1.5
Squamous/Non-Smoker vs. Non-squamous/Non-smoker 7.6
NSCLC NOS/Smoker vs. Non-squamous/Non-smoker 34
NSCLC NOS/Non-Smoker vs. Non-squamous/Non-smoker 1.8
Non-squamous/Smoker vs. Non-squamous/Non-smoker 15
Initial Stage Occult-IlIA vs. Stage IV 1.3
Initial Stage l1IB-IIIC vs. Stage IV 1.8
ECOG 2 vs.0-1 1.4
ECOG 3+ vs. 0-1 25
ECOG Unknownvs. 0-1 1.2
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Figure 4. Factors associated with ALK testing in National Comprehensive Cancer Network ALK testing-eligible patients with
advanced NSCLC diagnosed from 2015 to 2019 in U.S. community medical centers.

Abbreviations: ALK, anaplastic lymphoma kinase; Cl, confidence interval; ECOG, Eastern Cooperative Oncology Group; OR, odds
ratio; NOS, not otherwise specified; NSCLC, non-small cell lung cancer.

ALK Test Methods

In this study, we observed a shift in test methodology over
the time period. In 2012, FISH was the dominant method
(1,730 out of 2,134 tests, or 81.07%). NGS gained over all
the years studied. By the first half of 2019, 842 of 1,831
tests (45.99%) were performed by NGS compared with
FISH, which was used in 690 of 1,831 tests (37.68%; Fig. 1).

ALK Test Use

With the analysis of the larger cohort of 41,728 patients
diagnosed with NSCLC from 2012 to 2019 (2012 patient
cohort), ALK test use rates in NCCN ALK testing-eligible

© 2021 Roche Diagnostics Corp.
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patients rose from 59.5% in 2012 to 84.1% in 2019 (Fig. 2).
This trend gradually increased until it reached a plateau at a
rate above 84% after 2017. This increase in ALK testing was
also observed in patients ineligible for testing, ranging from
15.6% in 2012 to 50.8% in 2019.

The rate of ALK testing varied by patients’ demographic
and clinical characteristics (Table 1). It showed higher ALK
testing rates in patients with younger age (<50 years), Asian
race, insurance as patients’ assistance program, non-
squamous histology type, nonsmokers, and initial stage as
stage IV. When stratified by histology and smoking status
(the two key elements that define testing eligibility), ALK

Oncologist



Bernicker, Xiao, Abraham et al.

el1055

testing rates were highest in nonsquamous histology type,
followed by NSCLC histology nonspecific (NOS) and squa-
mous type, and nonsmokers have a higher ALK testing rate
than smokers within each histology type (Fig. 3). Among
ALK testing-eligible patients, nonsmoker with squamous his-
tology type has the lowest ALK testing rate (55.0%).

Factors Associated with ALK Testing

Among 19,930 patients with NSCLC diagnosed from 2015 to
2019 and eligible for ALK testing per NCCN guidelines,
16,284 patients (81.7%) received ALK testing. The associa-
tion between demographic and clinical characteristics and
ALK-tested status was examined with logistic regression
analyses. In univariable analysis, histology type by smoking
status, poorer Eastern Cooperative Oncology Group (ECOG)
performance status (PS) score at diagnosis, earlier initial
stage, advanced diagnosis year before 2016, older age
(=50 years), male sex, noncommercial insurance, race (other
race vs. Asian) and region (other region vs. west) were asso-
ciated with ALK undertesting status. After adjusting for
covariates with mixed-effects multivariable logistic model,
factors remaining statistically significant were histology type
by smoking status, poorer ECOG PS score at diagnosis, earlier
initial stage, year of advanced diagnosis before 2016, older age
(=50 years), male sex, and noncommercial insurance (Fig. 4).
Compared with nonsmokers with nonsquamous histology type,
patients with other histology types by smoking status were less
likely to have been ALK tested, including squamous/nonsmoker
(aOR, 7.6; 95% Cl, 5.6-10.4), NSCLC NOS/smoker (3.4; 2.8-4.2),
NSCLC NOS/nonsmoker (1.8; 1.1-3.2), and nonsquamous/
smoker (1.5; 1.3—-1.7). Compared with patients with an ECOG
PS score of 0—1 at aNSCLC diagnosis, patients with poorer ECOG
PS scores were less likely to be tested, including patients with
ECOG PS score of 2 (1.4; 1.2-1.7) or 3+ (2.5; 2.0-3.1).

DiscussioN

This study of a large real-world database provides an over-
view of the frequency of ALK testing (regardless of method-
ology used) across the U.S. over a period of time when multiple
drugs received U.S. Food and Drug Administration (FDA)
approval for therapeutic use. Guidelines regarding testing and
treatment have rapidly evolved to reflect the changes in thera-
peutic options. This database provided an opportunity to assess
the adoption of guidelines in the real world. Although guideline
adoption increased over the study period, there remains a sig-
nificant number of patients eligible for testing that are not
being tested for ALK rearrangements. Factors such as histology,
ECOG status, insurance type, and smoking history were associ-
ated with undertesting.

We were interested in determining if patients were
being tested in accordance with NCCN guidelines (adenocar-
cinoma, large cell carcinoma, NSCLC not otherwise speci-
fied, or patients with squamous carcinoma with no history
of smoking). Testing in guideline-eligible patients reached a
plateau (84%) by 2017 and remained constant through the
first half of 2019. The rate of testing for NCCN guideline-
ineligible patients reached a peak in 2018 (52.7%) and appears
to have plateaued. The average testing rate from the 2015
patient cohort, including both NCCN ALK testing-eligible and
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-ineligible patients (data not shown), was 71.3%, which is
higher (53.1%) than reported in a similar database study from
2011 to 2017 [16], reflecting the trend that molecular testing
is becoming more widely incorporated into routine practice.
Despite gains in molecular testing and the ability to look at
multiple driver mutations, there remain a significant number
of eligible patients that are not being tested for actionable
mutations.

Currently, testing rates are highest for patients with
nonsquamous histology, as per guideline recommendations.
However, limiting testing to patients with nonsquamous his-
tology will miss a number of patients with the ALK translo-
cation, denying them a chance to be treated with an oral,
targeted therapy. In our previous published results [17],
3.3% of patients with squamous histology who were non-
smokers were found to be ALK positive and 6.3% of patients
with NSCLC NOS were found to harbor the mutation. Disap-
pointingly, in our study, among ALK testing-eligible patients,
nonsmokers with squamous histology had the lowest ALK
testing rate of 55.0%. Current guidelines do stress that in
the case of a squamous result from a small biopsy or in a
patient with a light or never smoking history, thought
should be given to genomic testing, but it bears repeating
that squamous and nonadenocarcinoma histologies are not
reasons to forego biomarker testing. In addition, 1.7% of
patients who were ALK positive were found in patients with
nonsquamous histology who were tobacco users [17]—
again emphasizing that the presence of tobacco exposure in
patients who have an adenocarcinoma histology does not
preclude having the translocation.

It is not surprising that patients with poor ECOG perfor-
mance status are undertested, especially if it is obvious that
the patient has a high burden of disease and wants to focus
on palliation. Nearly a quarter of the patients in our cohort
were diagnosed at an early stage prior to disease advance-
ment (Table 1), and these patients were less likely to be
tested compared with those who were initially diagnosed at
stage IV (Fig. 4). It is possible that this patient population was
already receiving other types of treatment (e.g., chemother-
apy) and decided against testing upon disease progression.
The fact that noncommercially insured patients had lower
testing rates raises the concern that testing disparities exist
for patients with Medicare or Medicaid and needs to be stud-
ied in more detail. Although patients with noncommercial
insurance had lower testing rates, there was no difference
in terms of ethnicity. It is impossible to know from a retro-
spective study such as this one whether the reason for
lower testing rates in noncommercially insured patients
was owing to financial concerns of the expense of the test-
ing, more significant comorbid conditions and worse perfor-
mance status, or some combination of other factors.
Further studies will need to examine coverage differences
as well as geographic differences (rural vs. urban locations)
to better understand disparities in biomarker testing. How-
ever, it is surprising and disappointing that tobacco history
still seems to be a factor in the decision whether to test for
genomic mutations, as it has been recognized for many
years that smoking history should not be used as a discrimi-
native factor in deciding on whether or not to test patients
with advanced adenocarcinomas [18].

© 2021 Roche Diagnostics Corp.
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Our data suggest that nearly one in five patients are not
being tested for ALK rearrangements, which is in alignment
with other studies indicating that patients are being under-
genotyped for the many other actionable mutations now
with FDA approved therapies, which impacts their long-term
survival [19]. Oncologists, pathologists, and pulmonologists
need to work together in a multidisciplinary fashion to make
sure that the maximal information can be obtained from
often scant biopsies. Reflex upfront NGS panel testing holds
the best chance to increase the yield of information and max-
imizing the number of patients tested according to current
NCCN guidelines [6]. In addition, if the biopsy is small and
the pathologist recognizes that there is not enough tissue for
genomic testing, early use of circulating tumor DNA can
often enhance the chance at finding driver mutations [20].

This is a large cohort across an extended period of time
(7.5 years) with extensive collection of clinical variables and
detailed biomarker testing data. We focused on community
centers, where the majority of cancer care in this country is pro-
vided. Therefore, we believe this study provides a robust view
of oncology practice in the real world and continues to advance
the current knowledge around ALK testing patterns [21]. How-
ever, the standard limitations inherent to retrospective real-
world data studies also apply to this study, such as the potential
for coding errors in oncology practices and missing data if pro-
cedures or treatments occurred outside the specific oncology
practice. As an example, patients’ ALK testing status might not
be captured in the database if the testing was performed out-
side the Flatiron Health network or was not recorded in the
EHR system. Although the accuracy of testing is of critical impor-
tance in assuring that patients receive the appropriate targeted
therapy, it is beyond the scope of this study to assess the verac-
ity of testing.

The assessment of guideline adoption is an important first
step in understanding why testing for eligible patients is or is
not occurring. The ability of real-world databases to capture
details of testing, therapy, and outcomes provides promise of
better understanding of these therapy decisions outside of a
randomized clinical trial (RCT). Studies such as these are steps
in understanding the information that is captured along with
identification of information gaps. The hope is that as these
databases mature, the information that is gleaned from real-
world application of diagnostics and therapies will provide addi-
tional data to health regulatory authorities outside of RCT
settings.

CoNCLUSION
This study shows that, although the testing rates for ALK
mutations have improved, it still falls short of maximally

REFERENCES

identifying patients who could benefit from therapy with a
TKI. Patients deserve the opportunity for the best therapy
for their disease. This paper affords community medical
centers an opportunity to assess their adoption of guide-
line driven care. If they are undertesting patients, they
should identify contributing factors in their population.
Once factors have been identified, it is incumbent on the
institution to mitigate undertesting. Failure to do so
denies untested patients with lung cancer with actionable
mutations the opportunity for their mutations to be identi-
fied, with the loss of their opportunity to receive targeted
therapies that have shown to be of benefit. A multidisciplinary
approach across the entire health care team is necessary to
ensure that barriers to testing in patient groups that are
currently undertested are removed and enable access to
appropriate therapy for those whose tumors express an ALK
rearrangement. Moreover, disparities in testing related to
smoking status (possibly a residue of continuing stigma),
region, age, gender, and insurance status need to be
addressed and remedied.

ACKNOWLEDGMENTS
This work was funded by Roche Diagnostics Corporation,
Indianapolis, Indiana.

AUTHOR CONTRIBUTIONS

Conception/design: Eric H. Bernicker, Yan Xiao, Baiyu Yang, Stella Redpath,
Julia Engstrom-Melnyk

Provision of study material or patients: Yan Xiao

Collection and/or assembly of data: Yan Xiao, Baiyu Yang

Data analysis and interpretation: Eric H. Bernicker, Yan Xiao, Anup Abra-
ham, Baiyu Yang, Denise Croix, Stella Redpath, Julia Engstrom-Melnyk,
Roma Shah, Jaya Madala, Timothy C. Allen

Manuscript writing: Eric H. Bernicker, Yan Xiao, Baiyu Yang, Denise Croix,
Timothy C. Allen

Final approval of manuscript: Eric H. Bernicker, Yan Xiao, Anup Abraham,
Baiyu Yang, Denise Croix, Stella Redpath, Julia Engstrom-Melnyk, Roma
Shah, Jaya Madala, Timothy C. Allen

Di1scLOSURES

Eric H. Bernicker: Novartis, Pfizer, AstraZeneca, Guardant Health
(Other—personal fees); Yan Xiao: AstraZeneca, Roche Diagnostics
Information Solutions (E); Anup Abraham: Genesis Research (E);
Baiyu Yang: Roche Diagnostics Information Solutions (E); Denise
Croix: Roche Diagnostics (E); Stella Redpath: Roche Diagnostics (E);
Julia Engstrom-Melnyk: Roche Diagnostics, AstraZeneca (E); Roma
Shah: Roche Diagnostics Information Solutions (E); Jaya Madala:
Roche Diagnostics Information Solutions (E). The other authors
indicated no financial relationships.

(C/A) Consulting/advisory relationship; (RF) Research funding; (E) Employment; (ET) Expert
testimony; (H) Honoraria received; (Ol) Ownership interests; (IP) Intellectual property rights/
inventor/patent holder; (SAB) Scientific advisory board

1. Howlader N, Noone AM, Krapcho M et al.

(eds). SEER Cancer Statistics Review, 1975-2017,
National Cancer Institute. Available at https://
seer.cancer.gov/csr/1975_2017. Accessed Octo-
ber 9, 2020.

2. Osmani L, Askin F, Gabrielson E et al. Cur-
rent WHO guidelines and the critical role of
immunohistochemical markers in the subclas-
sification of non-small cell lung carcinoma

© 2021 Roche Diagnostics Corp.

(NSCLC): Moving from targeted therapy to
immunotherapy. Semin Cancer Biol 2018; 52:
103-109.

3. Arbour KC, Riley GJ. Systemic therapy for
locally advanced and metastatic non-small cell
lung cancer: A review. JAMA 2019;322:764-774.

4. Lindeman NI, Cagle PT, Aisner DL et al.
Updated molecular testing guideline for the

The Oncologist published by Wiley Periodicals LLC on behalf of AlphaMed Press.

selection of lung cancer patients for treatment
with targeted tyrosine kinase inhibitors:
Guideline from the College of American
Pathologists, the International Association for
the Study of Lung Cancer, and the Association
for Molecular Pathology. ] Mol Diagn 2018;20:
129-159.

5. Schoenfeld AJ, Arbour KC, Rizvi H et al.
Severe immune related adverse events are

Oncologist


https://seer.cancer.gov/csr/1975_2017
https://seer.cancer.gov/csr/1975_2017

Bernicker, Xiao, Abraham et al.

el057

common with sequential PD-(L)1 blockade and
osimertinib. Ann Oncol 2019;30:839-844.

6. Bernicker EH. What the oncologist needs
from the pathologist for tyrosine kinase inhibitor
therapies. Arch Pathol Lab Med 2019;143:1089—
1092.

7. Shaw AT, Yeap BY, Mino-Kenudson M et al.
Clinical features and outcome of patients with
non-small-cell lung cancer who harbor EML4-ALK.
J Clin Oncol 2009;27:4247-4253.

8. Solomon BJ, Mok T, Kim DW et al. First-line
crizotinib versus chemotherapy in ALK-positive
lung cancer. N Engl J Med 2014;371:2167-2177.

9. Shaw AT, Gandhi L, Gadgeel S et al. Alectinib
in ALK-positive, crizotinib-resistant, non-small-
cell lung cancer: A single-group, multicentre,
phase 2 trial. Lancet Oncol 2016;17:234-242.

10. Camidge, DR, Kim HR, Ahn MJ et al.
Brigatinib versus crizotinib in ALK-positive non-
small-cell lung cancer. N Engl J Med 2018;379:
2027-2039.

11. Shaw AT, Bauer TM, de Marinis F et al.
First-line lorlatinib or crizotinib in advanced ALK-
positive lung cancer. N Engl J Med 2020;383:
2018-2029.

12. Gainor JF, Dardaei L, Yoda S et al. Molecular
mechanisms of resistance to first- and second-
generation ALK inhibitors in ALK-rearranged lung
cancer. Cancer Discov 2016;6:1118-1133.

13. Ma X, Long L, Moon S et al. Comparison of
population characteristics in real-world clinical
oncology databases in the U.S.: Flatiron Health,
SEER, and NPCR. Available at https://www.
medrxiv.org/content/10.1101/2020.03.16.
20037143v2. Accessed January 4, 2021.

14. Birnbaum B, Nussbaum N, Seidl-Rathkopf K
et al. Model-assisted cohort selection with bias
analysis for generating large-scale cohorts from the
EHR for oncology research. Available at https://
arxiv.org/abs/2001.09765. Accessed January 4,
2021.

15. National Comprehensive Cancer Network
(NCCN). NCCN Clinical Practice Guidelines in
Oncology. Non-Small Cell Lung Cancer Version
1.2012.

16. lllei PB, Wong W, Wu N et al. ALK testing
trends and patterns among community practices
in the U.S. JCO Precision Oncol https://doi.org/
10.1200/P0.18.00159.

17. Allen TC, Xiao Y, Abraham A et al. Preva-
lence of ALK mutations in advanced NSCLC

patients in the United States: Analysis with a h

world oncology database. J Clin Oncol 2020;38
(suppl_15):e21586—-e21586.

18. Lindeman NI, Cagle PT, Beasley MB et al.
Molecular testing guideline for selection of lung
cancer patients for EGFR and ALK tyrosine kinase
inhibitors: Guideline from the College of American
Pathologists, International Association for the
Study of Lung Cancer, and Association for Molecu-
lar Pathology. J Mol Diagn 2013;15:415-453.

19. John A, Shah RA, Wong WB et al. Value of

precision medicine in advanced non-small cell
lung cancer: Real-world outcomes associated
with the use of companion diagnostics. The
Oncologist 2020;25:e1743-e1752.

20. Aggarwal, C, Thompson JC, Black TA et al.
Clinical implications of plasma-based genotyping
with the delivery of personalized therapy in met-
astatic non-small cell lung cancer. JAMA Oncol
2019;5:173-180.

21. Davies, J, Martinec M, Coudert M et al. Real-
world anaplastic lymphoma kinase (ALK) re-
arrangement testing patterns, treatment sequences,
and survival of ALK inhibitor-treated patients. Curr
Med Res Opin 2019;35:535-542.

www.TheOncologist.com

© 2021 Roche Diagnostics Corp.

The Oncologist published by Wiley Periodicals LLC on behalf of AlphaMed Press.



https://doi.org/10.1101/2020.03.16.20037143v2
https://doi.org/10.1101/2020.03.16.20037143v2
https://doi.org/10.1101/2020.03.16.20037143v2
https://arxiv.org/abs/2001.09765
https://arxiv.org/abs/2001.09765
https://doi.org/10.1200/PO.18.00159
https://doi.org/10.1200/PO.18.00159

	 Adherence to National Comprehensive Cancer Network ALK Testing Guidelines for Patients with Advanced Non-Small Cell Lung C...
	Introduction
	Materials and Methods
	Study Design and Data Source
	Study Population
	Definitions of Key Variables
	Statistical Analysis

	Results
	Patient Characteristics
	ALK Test Methods
	ALK Test Use
	Factors Associated with ALK Testing

	Discussion
	Conclusion
	Acknowledgments
	Author Contributions
	Disclosures
	References


