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Aim: The main purpose of the present study was to investigate the labor market affiliation of ALK+
NSCLC patients in long-term treatment as well as overall survival and incidence/prevalence. Materials &
methods: Nationwide retrospective study of all patients with ALK+ NSCLC in Denmark diagnosed between
2012 and 2018. Results: During the study period ALK+ NSCLC patients had a median overall survival of
44.0 months and a 7.8-fold increase in disease prevalence. Six months prior to diagnosis, 81% of ALK+
NSCLC patients <60 years of age were employed. At the end of the 18-month follow-up period, 36%
were employed. Conclusion: ALK+ NSCLC patients have prolonged survival following diagnosis, but a
large fraction of patients lose affiliation with the labor market.

Plain language summary: The purpose of this study was to examine the employment status and survival
of patients with ALK+ NSCLC who are undergoing long-term treatment. The researchers conducted a
study analyzing data from all such patients diagnosed between 2012 and 2018 in Denmark. The results
showed that ALK+ NSCLC patients had a median overall survival of 44.0 months and a that the number
of patients increased almost eightfold during the study period. Prior to diagnosis, 81% of ALK+ NSCLC
patients who were 60 years of age or younger were employed. However, at the end of the 18-month
follow-up period, only 36% of these patients were still employed. In conclusion, ALK+ NSCLC patients
tend to have prolonged survival after diagnosis. However, a considerable proportion of these patients
lose their affiliation with the labor market, indicating the impact of the disease on employment status.

Tweetable abstract: ALK+ NSCLC patients have prolonged survival following diagnosis, but a large
fraction of patients lose affiliation with the labor market following diagnosis. #alkpositive #lcsm.

First draft submitted: 13 October 2023; Accepted for publication: 21 February 2024; Published online:
11 March 2023

Keywords: ALK+ e labor market affiliation e nationwide e non-small-cell lung cancer e prevalence e retrospective
e return to work

Globally, lung cancer has a historic 5-year overall survival (OS) rate of 10-20% [1]; in Denmark 5-year survival is
currently slightly less than 20% [21. However, lung cancer survival is currently improving rapidly due to the advent
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of drugs that either target distinct molecular alterations driving tumorigenesis or activates the immune system to
fight cancer [3]. Indeed, targeted inhibition of PD-L1, mutant EGFR, ALK fusions, VEGF expression and ROS!
fusions are all associated with continuously better survival due to continued approval of new generation of drugs
within each class 4. Additional future gains of survival of lung cancer patients are predicted based on current
developments of medicines aimed at targets currently treated by conventional chemotherapy [4]. Further to the
improved survival caused by targeted therapy, targeted agents are associated with less treatment burden and side
effects as compared with non-targeted chemotherapy [5]. Lung oncologist and their patients are thus in an era
with marked improvement in treatment characterized by significant increases in survival and diminished treatment
burden for selected patients [3-5].

Returning to work after a cancer diagnosis is important to patients and society, as it provides patients with
financial means to live independent lives, a sense of normality, confidence, and self-satisfaction while providing
society with taxable income and drivers of economic growth [6,7]. Clinical factors (age, organ of origin, stage
of disease) and socio-economic factors (income, gender, physical vs non-physical labor) have been demonstrated
to affect cancer patient’s affiliation to the labor market and ability/willingness to return to work [6,8,9]. Factors
predicting for losing affiliation with labor market are old age at diagnosis and chemotherapy-based treatments (6,9].
Among lung cancer patients specifically, clinical factors associated with successful return to work have been found
to be young age at diagnosis and lower fatigue scores [10].

With a median age at diagnosis of 71 years [2,11], lung cancer patients are relatively old and therapy often include
chemotherapy and radiotherapy [12,13]. It is therefore not surprising that a lung cancer diagnosis carries independent
risk for losing workplace affiliation as compared with other cancer types [14,15]. On the other hand, lung cancer
patients with targetable driver alterations are frequently of younger age [16-19] and are treated with targeted agents
instead of chemotherapy. Importantly, treatment with targeted agents provides both significantly longer survival
and less therapy-related toxicity [5,18,20].

Chromosomal rearrangement of the ALK gene, creating constitutively active fusion proteins expressed in lung
epithelium leads to ALK+ non-small-cell lung cancer NSCLC) [21]. ALK+ NSCLC is not associated with smoking
and the patient population is therefore younger and comprise fewer smokers or former smokers than lung cancer
patients in general [22). Importantly, none of the different classes of targeted therapies currently approved for
treatment of lung cancer, has led to bigger survival gains than the drugs that target ALK. Indeed, patients with
advanced stage (stage IV) ALK+ NSCLC have been reported to reach median survival times of 80 months when
treated sequentially with medicines targeting ALK [23]. Additionally, the quality of life of patients treated with
ALK-TKIs is better as compared with those receiving chemotherapy, reflecting a lessened toxicity burden [24].
Finally, all ALK-TKIs are administered as tablets in the outpatient setting minimizing treatment burden for the
patients.

Given the dramatically improved survival, younger age at diagnosis and lessened toxicity/treatment burden
we hypothesized that patients with ALK+ NSCLC are inclined to remain in active employment following their
diagnosis. The purpose of our study was therefore to describe the labor market affiliation of ALK+ NSCLC patients
as a distinct subpopulation of lung cancer patients that can serve as a proxy for lung cancer patients with targetable
driver alterations in general.

Methods

Danish registries

All Danish citizens have a 10-digit personal social security number given at birth or immigration. The personal
social security number is a unique personal identifier recorded in all public registries, thus allowing linkage between
national registries, and ensuring 100% coverage. Accordingly, it was possible to describe the total mortality and the
sociodemographic variables of the ALK+ cohort and the control group using distinct national registries.

ALK-cohort & the control group
An ALK-cohort (patients with ALK+ NSCLC) and a control group were included in this national, non-
interventional registry- and medical chart review study.

The ALK-cohort consisted of every patient with ALK+ NSCLC diagnosed in Denmark between 1 January 2012
and 31 December 2018. The ALK-cohort was identified using the National Pathology Registry (Patobank). The
inclusion criteria for the ALK-cohort were thus a diagnosis of ALK+ NSCLC (as adenocarcinoma, adenosquamous
carcinoma or non-small-cell carcinoma not otherwise specified/NOS) registered in the National Pathology Registry.
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Exclusion criteria was absence of such a diagnosis. Clinical data for the identified patients were obtained by
retrospective review of medical charts from the seven treating departments of Oncology in Denmark. Data from
the medical charts were extracted, anonymized, and compiled using REDCap® (Vanderbilt University, TN,
USA) [25]. The data were subsequently handled in Microsoft Excel 16. Data on survival are updated and equal to
timepoint for entering the data into REDCap® (July throughout September 2020).

Information regarding age, gender, education, labor market affiliation and marital status of the ALK+ NSCLC
patients in the ALK-cohort was derived from the Danish National Pathology Registry and the national registries: The
Danish National Patient Registry, The Danish Civil Registration System, The Danish Cancer Registry, DREAM
and Statistics Denmark.

Date of last follow-up for clinical data was September 2020.

The control group was derived from national registries, and based on the year of diagnosis (i.e., the requisition
date of the Danish National Pathology Registry (26]), each patient with ALK+ NSCLC was matched (ratio 1:10)
by age, gender, education, level of education, marital status and region of residence with ten controls who were
otherwise randomly selected. Psmatch2 [27] was used to perform the matching. As ALK+ NSCLC is not caused by,
or significantly associated with smoking [22] the control group was not matched for smoking. The individuals in
the control group had no diagnosis of ALK+ NSCLC during the period considered. Information on the following
sociodemographic variables: age, gender, region of residence, marital status and education level was obtained from
the Danish Civil Registration System as well as from the Education Registry. Information about Social Transfer
Payments were obtained from the DREAM database and used to follow-up on labor market affiliation consequences
of the ALK+ Cohort and the control group. The DREAM database contains all social transfer payments for all

citizens in Denmark [28].

Ethical considerations
The study was approved by the Danish Patient Safety Authority (#3-3013-3274/1 and #3-3013-3161/1) and
registered at the Danish Data Protection Agency. There are no Danish legislation requirements to obtain informed
consent from the patients to use the data in this study, as the patients were not contacted at any point during this
study, the study did not affect the treatment of the patients, and only pseudonymized data were used.

In accordance with Danish regulations, the exact number is not shown for results with fewer than five patients.
The results fewer than 5 are shown as <5.

Study variables

Labor market affiliation was classified into the following four categories: in employment (full- or part-time),
subsidized (unemployment benefits, unemployment educational benefits and sick leave benefits) retirees (retirement
and early retirement benefits) and died or left the country.

Incidence & prevalence

The annual incidence of ALK+ NSCLC (as absolute number and per million people) and 1-, 3- and 5-year
prevalence were estimated from 2012 to 2018. The 1-year prevalence was defined as the number of patients living
with ALK+ NSCLC on the 31 December of the current year and diagnosed within the year and correspondingly
within the last three years for the 3-year prevalence, and within the last 5 years for the 5-year prevalence.

Survival analysis

Kaplan—Meier methodology was used to describe the survival of the patient cohort and to assess median OS. The
index date for the OS-analysis was set to the date of lung cancer diagnosis regardless of ALK-diagnosis. Follow-up
was until end of study period. Patients who were alive, or had left the country, at last follow-up date were censored.

Labor market affiliation consequences

In the study period the retirement age in Denmark qualifying for full publicly paid retirement was 66. However,
other more restricted options for publicly assisted withdrawal from the labor market exists with the most easily
accessible starting at age 60 years. To minimize potential confounding related to such early age-driven retirement,
only individuals in the ALK-cohort and the control group younger than 60 years of age (n = 75 and n = 748,
respectively) were included in the labor market affiliation analyses. Included patients were not censored if they
turned 60 years old during follow-up. The difference in labor market affiliation status (in employment, subsidized,
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Figure 1. CONSORT diagram for ALK+ NSCLC patients included in the study.

retired and died or left the country) between individuals in the ALK-cohort and the control group were analyzed
at: 6 months before diagnosis, at time of diagnosis, and 6, 12 and 18 months after diagnosis.

Missing data
In case data were missing, the patient’s data was omitted from the individual analysis. No attempts at imputation/fill
in were performed.

Results

All 211 patients diagnosed with ALK+ NSCLC between 1 January 2012 and 31 December 2018, were identified
using the National Pathology Registry, Figure 1. One patient was excluded since the original diagnosis of ALK+
NSCLC could not be verified, and one patient was excluded since the corresponding medical chart appeared twice
in the data. Thus, the ALK+ cohort available for Medical Chart Reviews consisted of a total of 209 patients
with ALK+ NSCLC, Figure 1. Using the unique 10-digit Social Security number as cross-reference, information
regarding age, gender, education, labor market affiliation and marital status of the identified patients was obtained
from The Danish National Patient Registry, The Danish Civil Registration System, The Danish Cancer Registry,
DREAM and Statistics Denmark. For ten identified patients at least one of these pieces of information was missing;
of the remaining 199 patients only, patients aged <60 years (n = 75) were analyzed for Labor Market affiliation,
Figure 1.

Patient characteristics

Baseline characteristics of the ALK+ NSCLC patients are summarized in Table 1. ALK+ NSCLC patients were
found to have a slight enrichment for women with a male:female ratio at 44%:56%, Table 1. The median age
was 64.6 years, while the mean age was 61.6 years with a standard deviation of 14.2 years, Table 1. The majority
(70%) of the patients were diagnosed with uncurable stage IIIb-IVb disease (Table 1), treated with life prolonging
intentions, while 28% were diagnosed with stage I-IIIa disease (Table 1), treated with curative intentions. Disease
stage information at diagnosis was missing from 2% of the patients (Table 1). For extended baseline characteristics
of the ALK-cohort, please refer to [17]. Supplementary Table 1 summarizes sociodemographic parameters for the
patient and control group (Supplementary Table 1).
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Table 1. Baseline characteristics of the ALK-cohort.

Characteristics n =209, n (%)
Gender:

- Male 91 (43.5)

- Female 118 (56.5)
Age (years):

— Mean (standard deviation) 61.6 (14.2)

- Median 64.6

Cancer stage at time of diagnosis:

- A 58 (28)
- 1IB-IVB 146 (70)
— Unknown/missing 5(2)
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Figure 2. Overall survival and incidence and prevalence of ALK+ NSCLC in Denmark. (A) Overall survival of the
ALK+ NSCLC patient group. Dotted lines represent 95% Cls. (B) Incidence and prevalence of ALK+ NSCLC patients in
Denmark from 2012 to 2018. Square represents: 1-year prevalence. Triangles pointing up and down represents 3- and
5-year prevalence, respectively. Closed circles represent annual incidence. All values are cases/million Danes.

Clinical features, OS, treatment intentions & incidence/prevalence

During the study period, 5 and 50% of the individuals in the control group and ALK-cohort group died,
respectively. To confirm that our ALK cohort did indeed have a different clinical course than lung cancer patients
without targetable driver alterations, we performed an OS analysis for the ALK cohort. With a median follow-up of
32.0 months the median OS of the ALK-cohort patients was 44.0 months (Figure 2A). During the study period the
yearly incidence of detected ALK+ NSCLC patients increased threefold from 15 patients/year to 46 patients/year
(Figure 2B). Correspondingly, the prevalence increased almost eightfold from 2.7 /million to 21.0/million during
the same period (Figure 2B). This may at least in part reflect the fact that during the study period there was a
gradual significant increase in testing for ALK rearrangements (“ALK positivity”) from being performed at single
institutions to becoming standard of care at all Danish cancer centers.

A median OS of 44.0 months compares very favorable to the median OS of Danish lung cancer patients in
general. Indeed, in general, Danish lung cancer patients had a median OS of less than 12 months in the years from
2012 to 2018, exemplified for 2015 in [11]. To exclude the possibility that this difference in OS was driven by large
differences in stages of disease at diagnosis, we compared the disease stages at diagnosis for our ALK-cohort to the
Danish lung cancer patients in general in 2015: 28% ALK+ NSCLC and 36% general lung cancer patients were
diagnosed with stage I-IIIA disease (typically treated with curative intentions) [11]; 70 and 56% were diagnosed
with stage IIIB-IVB disease, respectively and 2 and 8% had unknown disease stage [11].
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Table 2. Overview of labor market affiliations (employed, subsidized, or retired) for ALK+ NSCLC patients and control

survivors <60 years of age.
Labor market affiliation of -6 months At diagnosis 6 months 12 months 18 months
survivors n % n % n % n % n %

ALK+ NSCLC (n = 75)

In employment 61 81% 32 43% 18 26% 24 36% 21 36%
Subsidized 14 19% 43 57% 43 62% 32 48% 28 48%
Retired <5 <5 <5 <5 8 12% 10 15% 9 15%

Control group (n = 748)

In employment 606 81% 605 81% 591 79% 603 81% 586 80%
Subsidized 95 13% 95 13% 102 14% 88 12% 95 13%
Retired 47 6% 48 6% 55 7% 50 7% 51 7%

Subjects were censored from the labor market affiliation analysis if they died or left the country. Note that absolute values less than 5 are not reported due to Danish data protection
laws.

Labor market affiliation for ALK+ NSCLC survivors

We performed our analysis of labor market affiliation among ALK+ NSCLC survivors in the subset of
ALK+ NSCLC patients aged <60 years (n = 75) of age to minimize confounding impacts of advanced age
and death from lung cancer on the affiliation to the labor market (in Denmark publicly funded retirement pay-
ments started at age 66 during the study period). In the control group the labor market affiliation was stable
throughout the study period (Figure 3). On the other hand, a significant drop in labor market affiliation was
observed in the experimental group, starting already at diagnosis, where the affiliation had dropped from 81% six
months prior to diagnosis to 43% at diagnosis (Figure 3). During the follow-up period of 18 months, we observed
a further drop to 26%, 36% and 36%, at 6, 12, and 18 months following diagnosis, respectively. Table 2 provides
a detailed overview of the data in Figure 3. An analysis not taking survivorship status into account for labor market
affiliation was performed and is presented in Table 3.

Discussion

Using nationwide registries linked through individual patient identifiers with 100% coverage, we report here that
the median onset of ALK+ NSCLC in a nationwide cohort from Denmark is 64 years of age. This is older than
findings from other studies where the median age of onset of ALK+ NSCLC was reported to be between 52 and
63 years [16,23,29-31]. However, a median age at diagnosis of 64 years of age remain younger than the median age
of diagnosis of lung cancer in general, at 71 years [2,11]. Our finding of a median OS of 44.0 months compares
well to other recent studies which found a median OS for ALK+ NSCLC patients ranging from 22 months
to 48.5 months [16,29-31], while data from a single academic center in the US stands out with a median OS of
81 months [23]. In this context of median survival times well above 40 months, our finding of a median OS of
44.0 months further supports the consensus that ALK+ NSCLC patients live longer than lung cancer patients in
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Table 3. Overview of labor market affiliations (employed, subsidized, retired, or dead/left the country) for ALK+

NSCLC patients and control subjects <60 years of age.

Labor market affiliation and survivorship -6 months At diagnosis 6 months 12 months 18 months
of study populations - % - % = % = % - %
ALK+ NSCLC (n = 75)

In employment 61 81% 32 43% 18 24% 24 32% 21 28%
Subsidized 14 19% 43 57% 43 57% 32 43% 28 37%
Retired <5 <5 <5 <5 8 1% 10 13% 9 12%
Died or left the country 0 0 0 0 6 8% 9 12% 17 23%
Control group (n = 748)

In employment 606 81% 605 81% 591 79% 603 81% 586 78%
Subsidized 95 13% 95 13% 102 14% 88 12% 95 13%
Retired 47 6% 48 6% 55 7% 50 7% 51 7%
Died or left the country 0 0 0 0 <5 <5 7 1% 16 2%

Subjects were not censored from the labor market affiliation analysis if they died or left the country. Note that absolute values less than 5 are not reported due to Danish data
protection laws.

general [18,32]. Given the comparatively young age (61 vs 71 years) and prolonged survival/treatment period, it is
thus reasonable to characterize ALK+ NSCLC patients as a distinct group of lung cancer patients from a clinical
outcome perspective.

We found an increase in the prevalence of ALK+ NSCLC patients during the study period. This was likely
driven by the increase in testing and incidence during the study.

Most of the research into labor market affiliation/return to work of cancer patients is focused on breast cancer
patients [8]. In contrast, comparatively little is known of the labor market affiliation of lung cancer patients and the
rate by which survivors of lung cancer return to work following diagnosis. However, one recent qualitative review
of 23 studies found that lung cancer survivors are 2—three-times more unlikely to be employed as compared with
control groups [7]. Unfortunately, the heterogenous nature of the studies, including control groups used, precluded
a quantitative analysis of the return to work-rate of lung cancer survivors [7]. On the other hand, registry studies in
patient populations originating in societies characterized by free healthcare and social security programs much like
Denmark, have found return to work rates for lung cancer patients in general to be between 33 and 45% [10,33,34].
Among these, Rashid ez a/. [10] found that 33% of working age (<65 years of age) German lung cancer survivors
were affiliated with the labor market about one year following diagnosis, with the mean time to return to work
being 13 months [10]. Yang ez 4/ [34) found a slightly higher labor market affiliation rate at 41% after 2 years in
a Taiwanese population somewhat enriched for stage I-1I patients (69% as compared with <28% in our study),
while a Dutch study found a return to work rate of 45% after 2 years [(33]. Our finding that 36% of ALK+ NSCLC
patients are employed 18 months following diagnosis, thus tracks well with findings of return to work rates for
lung cancer patients in general.

During the conduct of our study, two studies containing data on labor market affiliation of lung cancer patients
treated with targeted agents were published. One study reported that 25% of a small cohort (N = 20) of patients
with metastatic lung cancer treated with PD-L1 inhibitors and tyrosine kinase inhibitors from a single institution
in Australia were employed following lung cancer diagnosis (median time 27 months) (35]. The other, larger study
used an online survey specific for patients with ALK+ NSCLC in the US and found a labor market affiliation of
40% among 104 patients 25.6 months (median) after diagnosis [36]. 25% of the patients surveyed in this study
matched our definition of working age (<60 years of age), and the majority (77%) of the patients had metastatic or
regionally spread disease [36]. The patient population thus resembles the patient population of our study quite well
as does the findings related to labor market affiliation (40 and 36% in the US study and our study, respectively).
While the two studies arrive at near identical findings, our study relies on data from national, interlinked registries
and thus does not have an inherent methodological inclusion-bias of an online survey, which relies on patients
being willing and capable of participating.

Our finding of a labor market affiliation for working age (<60 years of age) ALK+ NSCLC patients of 36%
18 months following diagnosis thus compares very well with previous findings both among lung cancer patients
in general [10,33,34], among lung cancer patients treated with targeted agents at large [35], and among patients with
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ALK+ NSCLC specifically 36]. Our results thus suggest that ALK+ NSCLC patients when assessed according to
labor market affiliation currently do not comprise a distinct subgroup of lung cancer patients, despite their superior
survival and lessened toxicity burden. As returning to work following a cancer diagnosis is associated with a higher
degree of self-satisfaction, financial means, sense of normality and confidence, this finding is disappointing. Our
finding also suggests that the overall well-being of this patient population could be strengthened by efforts to retain
affiliation to the labor market. In this context, it is important to note, that Rashid ez /. found that lung cancer
patients who used social and legal counseling services had a higher likelihood of returning to work [10].

Our study’s strength is usage of national registries with 100% coverage, which allows us to eliminate recruitment
bias associated with surveys, for instance. On the other hand, the use of registries precluded more granular
understanding of the impact of an ALK4 NSCLC diagnosis on employment. For instance, it would have been
beneficial to be able to differentiate between full- and part-time employment. In addition, our study did not
compare ALK+ NSCLC patients to NSCLC patients at large, making any conclusions regarding differences in
employment indirect and based on comparisons to published literature. We chose to use aged-matched controls
without NSCLC as controls rather than NSCLC patients, as the large differences in treatment, treatment burden,
comorbidities and age of NSCLC and ALK+ NSCLC patients would require matching based on clinical parameters
not available in national registries, and it allows a direct quantification of the consequence of an ALK+ NSCLC
diagnosis on labor market affiliation. Danish society is egalitarian with many options for societal and monetary
support in case of illness. Our findings may therefore not be representative of societies characterized by different
options for societal and monetary support. Finally, our study used ALK+ NSCLC patients as a proxy for lung
cancer patients with extended survival. Our conclusions could have been extended with more assurance if we had
included all lung cancer survivors instead of using a single patient group with a favorable prognosis as a proxy for
long-term survivors.

Conclusion

In conclusion, using ALK+ NSCLC patients as a proxy for NSCLC patients with targetable driver alterations,
we did not find evidence to support our hypothesis, that NSCLC patients with targetable driver alterations retain
their affiliation to the labor market in larger proportions than what has been published for NSCLC patients
in general. Considering the increasing prevalence of ALK+ NSCLC patients, the long-term survival of ALK+
NSCLC patients [23,29,30], the demonstrated positive effects of retaining an affiliation with the labor market (6,7)
and that lung cancer patients who use legal or social service counseling at diagnosis have a higher likelihood of
returning to work as compared with lung cancer patients who do not [10], a concerted effort to provide legal and
social counseling should be implemented. Such counseling could be offered either by clinicians or patient advocacy
groups in collaboration with relevant social service sectors.

Summary points

e Returning to work after a cancer diagnosis is important for patients’ financial stability and well-being, as well as
for society’s economic growth.

e Returning to work after a lung cancer diagnosis is associated with young age and lessened treatment burden.

e Patients with ALK+ NSCLC have improved survival, are often younger, and experience less treatment burden
compared with chemotherapy-treated patients. We therefore hypothesized that such patients would be more
likely to return to work following their diagnosis.

e Using nationwide data of all ALK+ NSCLC patients diagnosed in Denmark between 2012 and 2018 we found:

e An almost eightfold increase in prevalence of ALK+ NSCLC patients in the study period, possibly due to the
gradual implementation of sensitive ALK testing in the different Danish lung cancer centers.

e That ALK+ NSCLC patients live longer than NSCLC patients with-out targetable alterations.

e That ALK+ NSCLC patients did not return to work following their diagnoses in greater numbers than what has
historically been published for lung cancer patients in general.

e We recommend that ALK+ NSCLC patients receive social and legal counseling to aid in maintaining an affiliation
to the labor market following diagnosis.

Supplementary data
To view the supplementary data that accompany this paper please visit the journal website at: www.futuremedicine.com/doi/
suppl/10.2217/Imt-2023-0013
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