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Abstract

Background How different subtypes and stages of lung cancer affect morbidity- and mortality-associated productivity have
not been investigated. This study quantified the losses of lifetime employment duration and productivity among patients with
various subtypes and stages of lung cancer.

Methods We identified nationwide lung cancer patients diagnosed at the ages of 50-64 between 2011 and 2019. Monthly
survival probabilities were weighted by monthly employed-to-population ratios and working salaries to estimate lifetime
employment duration and productivity. We compared lifetime employment duration and productivity of patients with those
of the age-, sex-, calendar year-matched general population for losses of lifetime employment duration and productivity,
which were multiplied by pathology and stage shifts based on the first-round screening of Taiwan Lung Cancer Screening
in Never Smoker Trial (TALENT) to calculate the savings of lifetime employment duration and productivity.

Results Lung cancer patients had shorter survival and employment duration than the referents. Patients with lung cancers
other than adenocarcinoma experienced greater losses of lifetime employment duration and productivity as compared to
adenocarcinoma patients. Applying the estimations of never-smoking patients to 100 lung cancer patients with pathology
and stage shifts based on the TALENT, the savings of lifetime employment duration and productivity were 132.2 (95%
prediction interval: 116.2-147.4) years and 3353 (95% prediction interval: 2914-3802) thousand US dollars, respectively.

Conclusions Early diagnosis of lung cancer would save the losses of employment duration and lifetime productivity. Future
evaluation of the cost-effectiveness of lung cancer screening could consider incorporating these societal impacts.
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Introduction

Lung cancer is the leading cause of cancer death world-
wide [1]. Screening with low-dose computed tomography
(LDCT) has changed the outlook of lung cancer manage-
ment. Due to the premature mortality, lung cancer patients
experience the greatest loss of productivity among all can-
cer patients [2—4]. Notably, lung cancer patients aged 50
to 64 years, or the age range eligible for LDCT screen-
ing, experience the largest degree of productivity loss [5].
Among all cancer survivors, lung cancer patients have the
highest decline in employment rates [6—8]. Approximately
half of lung cancer survivors lose their jobs after treatment
[9]. Mortality and morbidity-related productivity loss not
only diminishes the quality of life for lung cancer patients
[10] but also places a financial burden on their family and
society.

Several previous investigations have estimated the years
of productive life lost and the cost of productivity loss
for lung cancer patients [3-5]. However, these investiga-
tions only calculated the productivity loss related to pre-
mature mortality. Although some studies have evaluated
morbidity-associated productivity loss [11, 12], no study
has analyzed the productivity loss stratified by pathologi-
cal subtypes and tumor stages. Advanced stage is a major
predictor of unemployment and indirect costs for lung
cancer patients [11, 13]. Estimating the productivity loss
according to different lung cancer subtypes and stages may
help evaluate the benefits of early diagnosis.

The first-round screening of Taiwan Lung Cancer
Screening in Never Smoker Trial (TALENT) showed a
high detection rate of early-stage lung cancer [14]. How-
ever, the societal impact of this screening strategy has
not been investigated. This study aimed to quantify the
losses of lifetime employment duration and productivity
for patients with different pathological subtypes and stages
of lung cancer, particularly those who were never smok-
ers. These estimates could be multiplied by the pathology
and stage shifts resulted from the TALENT screening to
estimate the savings of lifetime employment duration and
productivity.

Materials and methods

Data source

We linked Taiwan National Cancer Registry database
(2011-2019) with the National Mortality Registry

(2011-2020) and the National Health Insurance (NHI)
reimbursement (2011-2020) databases for analysis. These
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databases encompass 99% of the nation’s inhabitants and
are representative of the Taiwanese population [15]. As the
eligible participants for lung cancer screening are between
50 and 80 years old [16], we identified lung cancer patients
diagnosed at ages 50—64 as the index cohort. The reference
cohort consisted of age-, sex-, and calendar year-matched
individuals from the general population in Taiwan. To cal-
culate the losses of lifetime employment duration and pro-
ductivity. We compared the life expectancy (LE), lifetime
employment duration, and lifetime productivity of index
patients with those of the referents. Subgroup analysis
was conducted for never-smoking patients, and the results
were multiplied by pathology and stage shifts based on
the first-round screening of TALENT [14] to estimate the
savings of lifetime employment duration and productivity.
This study was approved by the Institutional Review Board
of National Cheng Kung University Hospital (A-ER-110-
287), and informed consent was waived due to the use of
de-identified information.

Lifetime survival

We identified pathologically-verified lung cancer patients
newly diagnosed at ages 50—64 from the National Cancer
Registry database using the International Classification
of Diseases for Oncology, third edition (ICD-0O-3) codes
C34.0-C34.9. Lung cancer was stratified by histological
subtypes, including small cell lung cancer (SCLC), adeno-
carcinoma, non-small cell lung cancers (NSCLCs) other
than adenocarcinoma. Tumor stage was defined accord-
ing to the American Joint Committee on Cancer classifi-
cations. We linked patient identification information to the
National Mortality Registry database and followed up until
the end of 2020. We applied the Kaplan—-Meier method to
estimate the survival function, and extrapolated the survival
to lifetime using the following steps: First, we simulated
survival of the age- and sex-matched referents by using the
life tables in the patients’ onset years, and estimated the
Kaplan—Meier survival function of the reference popula-
tion. Second, we calculated the survival ratio between the
index cohort and reference population at each time point
t and performed logit transformation of the survival ratio.
Third, a restricted cubic splines model was applied to fit the
logit-transformed survival ratio, which was almost linear.
The logit-transformed survival ratio from the fitted restricted
cubic splines model and the survival function of the refer-
ence population were used to extrapolate the index patients’
survival to the next month. The above one-month survival
extrapolation procedures were repeatedly implemented to
obtain the lifetime survival function of the index cohort.
Loss of LE was the difference between the LE of lung cancer
patients and that of the age-, sex-, calendar year-matched
referents. Detailed methods regarding survival extrapolation
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have been demonstrated [17] and validated in lung cancer
patients [18, 19].

We used the survival data of patients who were diagnosed
during the first 5 years (2011-2015) and extrapolated them
to 10 years (2011-2020). Because these patients were actu-
ally followed from 2011 until the end of 2020, the mean
survival duration within the 10-year follow-up period using
Kaplan—Meier method was considered as the gold stand-
ard. The estimates using the extrapolation based on the first
5 years of follow-up were compared with the 10-year follow-
up Kaplan—Meier estimates to obtain the relative biases.

Loss of lifetime employment duration

We identified monthly employment status of the index
patients and their corresponding referents to capture the
dynamic changes in employment rates over time. The NHI
database contains employment information on each ben-
eficiary as follows: employer, employed in a public sector,
employed in a private sector, and unemployed. Monthly
employed-to-population ratio (EMRATIO) was defined as
the ratio of individuals employed at that month to the total
number of people in the corresponding age- and sex-spe-
cific strata. The EMRATIOs of individuals aged > 65 were
assumed to be 0 in this study. Because some index patients
were not followed up until age 65 or death, we extrapolated
the EMRATIO using the following equation:

logit (E(t|i))—logit (E(t[r) = By + B (log (h(t|i))—log (A1) + &,

where E(tli) and E(tlr) denote the EMRATIOs at time point
t for index patients and corresponding referents, respec-
tively, and Ah(#li) and h(zlr) denote the mortality hazards at
time point ¢ for index patients and corresponding referents,
respectively. That is, we assumed that EMRATIO decreases
over time as the mortality risk increases and a linear rela-
tionship exists between the difference in logit-transformed
EMRATIOs and difference in log-transformed hazards. A
linear regression model was applied to fit the difference in
logit-transformed values to extrapolate the EMRATIOs of
the index patients beyond the follow-up limit. To avoid the
influence of outliers due to the small sample size at the end
of follow-up, monthly EMRATIOs of index patients with a
sample size of < 50 were excluded [20].

We multiplied the survival functions by the monthly
EMRATIOs of index patients and matched referents to esti-
mate their respective lifetime employment durations. Loss of
lifetime employment duration was defined as the difference
between the lifetime employment duration of lung cancer
patients and that of the age-, sex-, calendar year-matched
referents [21]. Relative loss of lifetime employment dura-
tion associated with lung cancer was calculated as the loss

of lifetime employment duration divided by the lifetime
employment duration of the referents.

Loss of lifetime productivity

In addition to the differences in monthly employment, the
monthly working salaries of index patients were expected to
differ from those of referents. According to prior research,
the working salary inferred from one’s NHI insurance pre-
mium was 90.2% (employees in public sectors) to 113.3%
(employees in private sectors) of the working salary reported
in the National Family Income and Expenditure Survey [22].
We multiplied the survival functions by the monthly work-
ing salaries of index patients and referents to estimate their
respective lifetime productivities. Loss of lifetime productiv-
ity was the difference between the lifetime productivity of
lung cancer patients and that of referents. Loss of lifetime
productivity divided by the lifetime productivity of refer-
ents was relative loss of lifetime productivity associated with
lung cancer.

The 95% confidence intervals for the estimates of LE,
loss of lifetime employment duration, and loss of lifetime
productivity were obtained through 100 bootstraps.

Savings of lifetime employment duration
and productivity

We performed a subgroup analysis of lung cancer patients
who were never smokers. Taiwan Lung Cancer Screening
in Never Smoker Trial (TALENT) is a single-arm study
that provided pathology and stage information for lung
cancer cases diagnosed during the first-round screening
[14]. We compared the distributions of pathology and stage
between the national never-smoker subgroup with lung can-
cer patients diagnosed at ages 50-64 in the TALENT. The
losses of lifetime employment duration and productivity for
lung cancer patients with specific pathology and stage were
multiplied by the pathology and stage shifts to estimate sav-
ings of lifetime employment duration and productivity. We
simulated 100 patients diagnosed as lung cancer with dif-
ferent Dirichlet distributions of pathology and stage, and
performed cohort simulation with 1000 iterations to obtain
the 95% prediction intervals.

Results

A total of 33,118 patients were diagnosed with lung cancer
between the ages of 50 and 64 from 2011 to 2019. Table 1
summarizes the demographic and clinical characteristics of
the index patients by pathology and stage. Most patients
with SCLC or NSCLC other than adenocarcinoma were
male, while more than half of adenocarcinoma patients were
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Fig. 1 Lifetime employment durations (dark shaded areas) and losses
of employment duration (light shaded areas) of lung cancer patients.
The latter depict the differences in lifetime employment duration
between the index and age-, sex-, and calendar year-matched refer-
ence groups. The reddish curves represent the survival probabilities

female. Adenocarcinoma patients were generally younger
and more likely to be employed, particularly those with stage
IA tumors. The majority of lung cancer patients worked in
the private sector. The interquartile ranges of the monthly
working salaries used for calculating the insurance pre-
miums ranged from US$459 and US$1527. Patients with
stage IA adenocarcinoma paid the highest premiums. Most
patients with SCLC or NSCLC other than adenocarcinoma
were ever smokers, while the majority of adenocarcinoma
patients were never smokers. SCLC or non-adenocarcinoma
patients were more likely to have a Charlson Comorbidity
Index score of >3 compared to adenocarcinoma patients.

Among the 17,605 subcohort diagnosed in the first
5 years (2011-2015), survival curves were extrapolated to
2020 and compared with the Kaplan—Meier estimates based
on the actual 10-year follow-up (Supplementary Table 1).
The relative biases of the extrapolation ranged from -6.4%
and 5.7%.

Adenocarcinoma IA Adenocarcinoma IB

Non-adeno |

0 20 40 60 80 100 120 140 160 180
Month afer diagnosis

=== Survival (index)

0.6 g ==== Survival (reference)
05 g == EMRATIO (index)
04 2

==== EMRATIO (reference)

0 20 40 60 80 100 120 140 160 180

Month after diagnosis

along time after diagnosis; the blue curves indicate the employed-to-
population ratios (EMRATIOs); among them, the index groups were
shown as solid lines, while the corresponding reference groups were
expressed as dashed lines. Non-adeno: non-small cell lung cancers
other than adenocarcinoma

Losses of lifetime employment duration
and productivity

Figure 1 displays the survival functions and EMRATIO
curves of index patients and the age-, sex-, and calendar
year-matched referents. The products of monthly survival
probabilities and monthly EMRATIOs were summed to esti-
mate the lifetime employment durations of the index and
reference groups. Most lung cancer patients not only had
shorter survival but also lower EMRATIOs compared to the
referents, resulting in shorter lifetime employment durations.
The difference in lifetime employment duration between the
index and reference groups represented the loss of lifetime
employment duration. Similarly, the products of monthly
survival probabilities and monthly working salaries inferred
from the NHI insurance premiums were summed to estimate
the lifetime productivities of the index and reference groups
(Fig. 2). The difference in lifetime productivity between the
two groups indicated the loss of lifetime productivity.
Table 2 presents the lifetime employment duration and
productivity of lung cancer patients and their correspond-
ing referents for the losses of lifetime employment dura-
tion and productivity. Patients with SCLC or NSCLC other
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Fig.2 Lifetime productivities (dark shaded areas) and losses of life-
time productivity (light shaded areas) of lung cancer patients. The lat-
ter depict the differences in lifetime productivity between the index
and age-, sex-, and calendar year-matched reference groups. The
reddish curves represent the survival probabilities along time after

than adenocarcinoma experienced greater losses of lifetime
employment duration and productivity as compared to ade-
nocarcinoma patients. Compared to those diagnosed at an
early stage, patients with advanced-stage lung cancer had
greater losses of lifetime employment duration and produc-
tivity. For example, the average losses of lifetime employ-
ment duration and productivity for patients with stage IV
adenocarcinoma were 2.6 years (74% of the corresponding
referents’ duration) and US$40,531 (74% of the correspond-
ing referents’ earnings), respectively. The average loss of
lifetime employment duration for patients with stage IA
adenocarcinoma was 0.1 years (3% of the corresponding
referents’ duration), and the average loss of lifetime produc-
tivity was US$-17,970 (-32% of the corresponding referents’
earnings).

Savings of lifetime employment duration
and productivity

The losses of lifetime employment duration and productivity
were smaller for lung cancer patients who were never smok-
ers as compared to all lung cancer patients (Table 3). We
applied the estimates to 100 lung cancer patients with a shift
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diagnosis; the blue curves indicate the monthly working salaries;
among them, the index groups were shown as solid lines, while the
corresponding reference groups were expressed as dashed lines. Non-
adeno: non-small cell lung cancers other than adenocarcinoma

in pathology and stage distribution based on the first-round
screening of TALENT. The savings of lifetime employment
duration were 132.2 (95% prediction interval: 116.2-147.4)
years, and the savings of lifetime productivity were 3353
(95% prediction interval: 2914-3802) thousand US dollars,
or around 118.5 per capita gross domestic product in 2020.

Discussion

In addition to mortality-associated loss of productivity,
this study also considered the productivity loss related to
lung cancer morbidity. We used real-world data to depict
the dynamic changes in the employment status and working
salaries of lung cancer survivors and their matched referents
(Figs. 1 and 2). Although the loss of lifetime productivity in
lung cancer patients mainly resulted from the shorter sur-
vival and loss of LE, lower employment rates and work-
ing salaries also played a role in increasing the loss of pro-
ductivity. Furthermore, the losses of lifetime employment
duration and productivity for patients with advanced-stage
lung cancer were substantially greater than those for early-
stage patients (Table 2), highlighting the importance of early
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Table 2 Lifetime employment duration and productivity of lung cancer patients, compared with those of age-, sex-, and calendar year-matched

referents
Pathology  Stage LE, life-year ~ Lifetime Loss of life- Relative loss Lifetime pro-  Loss of life- Relative loss
(95% CI) employment time employ-  of lifetime ductivity, US$  time productiv- of lifetime pro-
duration, year  ment duration, employment (95% CI) ity, US$ (95%  ductivity, mean
(95% CI) year (95% CI)  duration, mean CI) (95% CI)
(95% CI)
SCLC Limited 3.4 1.0 (0.9-1.1) 23 (2.1-2.5)  70% (60-81%) 12,886 42,375 77% (68-87%)
(2.8-5.0) (11,376- (39,181-
14,528) 45,248)
Referents 23.7 3.3(3.1-3.5) 55,261
(23.5-23.9) (51,796—
57,885)
Extensive 1.0 (1.0-3.5) 0.4 (0.4-0.5) 2.9 (2.7-2.9) 88% (79-91%) 5678 (5081- 49,053 90% (84-96%)
6321) (47,073—
Referents  23.7 33(3.2-34) 54,730 50,709)
(23.5-23.9) (52,871-
56,353)
Adeno 1A 19.2 3.6(34-3.7) 0.1(0.0-0.2) 3% (0-6%) 73,522 -17,970 -32%
(16.1-23.4) (68,901- (-22,188 to (-39to
77,259) (—13,935)) (-26)%)
Referents 26.7 3.7 (3.6-3.8) 55,552
(26.7-26.9) (54,243—
56,358)
IB 15.0 29(2.7-3.1) 0.4 (0.2-0.6) 12% (6-19%) 52,291 -1615 -3% (-12to
(12.7-18.2) (47,230- (6096 to 7%)
56,728) 3198)
Referents 25.8 3.3(3.2-3.4) 50,676
(25.6-26.0) (49,151-
52,838)
I 9.0 22(1.9-25) 1.1 (0.8-1.3) 32% (23-41%) 35,682 16,246 31% (20-41%)
(8.3-15.6) (30,193— (11,126—
40,529) 20,164)
Referents 25.7 3.4 (3.2-3.5) 51,928
(25.5-25.9) (48,897—
54,577)
I 6.9 1.8 (1.6-1.9) 1.7 (1.5-1.8)  50% (43-55%) 28,653 24,933 47% (38-54%)
(6.0-8.4) (25,281- (21,301-
31,262) 27,920)
Referents 25.4 3.4 (3.3-3.5) 53,586
(25.3-25.6) (51,910-
55,497)
v 2.8 1.0 (0.9-1.0) 2.6(2.5-2.6) 74% (69-74%) 14,211 40,531 74% (712-77%)
(2.7-4.4) (13,587- (39,757-
14,875) 41,448)
Referents 25.7 3.5(3.5-3.6) 54,742
(25.7-25.9) (54,063—
55,358)
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Table 2 (continued)

Pathology  Stage LE, life-year ~ Lifetime Loss of life- Relative loss Lifetime pro-  Loss of life- Relative loss
(95% CI) employment time employ-  of lifetime ductivity, US$  time productiv- of lifetime pro-
duration, year  ment duration, employment (95% CI) ity, US$ (95%  ductivity, mean
(95% CI) year (95% CI)  duration, mean CI) (95% CI)
(95% CI)
Non-adeno 1 10.9 23(2.1-26) 09(0.6-1.2) 27% (18-39%) 33,311 19,420 37% (27-48%)
(9.2-13.6) (28,450- (14,829—
38,592) 23,795)
Referents 24.3 33(3.1-34) 52,731
(24.1-24.6) (49,807-
55,535)
I 8.4 2.2 (1.9-2.6) 1.2 (0.9-1.4) 35% (25-44%) 32,383 24,090 43% (30-56%)
(7.0-13.0) (26,596— (17,893—
39,666) 29,491)
Referents 24.1 3.4 (3.2-3.6) 56,473
(23.8-24.4) (52,776—
60,221)
11 44 1.2 (1.0-1.3) 23 (2.2-25) 66% (61-74%) 15,270 42,241 73% (67-81%)
(3.7-5.8) (13,616- (39,774-
17,081) 44,893)
Referents 24.2 3.5(3.4-3.6) 57,511
(24.1-24.4) (55,362—
59,567)
v 1.4 0.6 (0.5-0.6) 2.9 (2.8-3.0) 83% (80-88%) 7470 (6784— 49,407 87% (82-92%)
(1.4-3.0) 8249) (47,856—
50,813
Referents 24.5 3.5(3.4-3.5) 56,877 )
(24.4-24.6) (55,285-
58,099)

CI confidence interval, LE life expectancy, Non-adeno non-small cell lung cancers other than adenocarcinoma, SCLC small cell lung cancer

Table 3 Multiplying losses of lifetime employment duration and productivity by the shift in pathology and stage distribution based on the first-
round screening of TALENT to estimate savings of lifetime employment duration and productivity

Loss of lifetime

Loss of lifetime

No screening

LDCT screening

Savings of lifetime
employment duration and

en;ljploym ent productivity, o Outcome;, o Outcomi, productivity,
UTa"vO“, USS$ (95% CI) Distribution mean (95% Distribution mean (95% mean (95% prediction
year (95% CI) prediction interval) prediction interval) interval)
Simulated patients
diagnosed as lung n=100 n=100
cancer
SCLC All 25(2.0-2.7) 40,555 (14,760-44,194) 1.8% Weighted sum of 0 Vl\’eight;ﬁfsu;n of
loss of lifetime Oesrflolo ‘nitel::e Savings of lifetime
A 0.0 (<0.1-0.2) 21,793 25.4% employment 85.7% p.oy s .
(~26,389—(~17,354)) duration, year duration, year employment duration, year
Ao =10.0 =1322

B 03(0.0-0.5)  —8094 (14,800—(~1257)) 6.4% =142.2 10.7% (-021021.7) (116.2 to 147.4)
Adeno (137.9 to 147.2)

i 1.0 (0.5-1.4) 13,170 (6904-18,411) 2.7% Weighted sumof 12% Weighted sum of Savings of lifetime

1 12(0.9-1.3) 15,042 (10,361 -17,513) 6.4% loss of lifetime 1.2% loss of lifetime productivity, US$

ductivity, USS productivity, US$ =3353K
v 22(22-23) 32,816 (31,564-33,905) 46.7% pro ECIL"S‘ 63% 0.6% =_1897K (2914K to 3802K)
—2229K

I-II 0.7 (0.2—1.1) 13,285 (6036-19,163) 2.0% (1345K to 1573K) 0.6% (715701()0
Non-adeno 11T 1.7(1.2-2.0) 29,330 (22,814-33,230) 2.4% 0

v 2.6(2.4-27) 40,675 (37,875-43,056) 6.2% 0

CI confidence interval, LDCT low-dose computed tomography, Non-adeno non-small cell lung cancers other than adenocarcinoma, SCLC small
cell lung cancer, TALENT Taiwan Lung Cancer Screening in Never Smoker Trial
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detection. Implementing LDCT screening in high-risk popu-
lations could not only save lives but also extend employment
duration and preserve lifetime productivity (Table 3).

To estimate lifetime productivities, we used monthly
working salaries inferred from NHI insurance premiums
instead of relying on national average incomes that varied
by age, sex, and calendar year [11]. Lung cancer patients
had a higher likelihood of temporary or permanent dropout
from the job market compared to the general population [7,
8, 23]. Due to physical and psychological barriers, lung can-
cer patients would also be prone to a shift from full-time to
part-time job after diagnosis. Instead of applying the same
national average incomes to both groups, we used work-
ing salaries calculated from insurance premiums to capture
the reduced productivity while on the job (presenteeism).
The advantage of this method was supported by the higher
percentages of relative loss of lifetime productivity than the
relative loss of employment duration in patients with SCLC
and NSCLC other than adenocarcinoma (Table 2). To the
best of our knowledge, this study may be the first to apply
inferred salaries based on insurance premiums to quantify
the productivity loss for cancer survivors.

Patients with SCLC, stage III/IV NSCLC had lower
monthly EMRATIOs and working salaries than their
matched referents right after diagnosis (Figs. 1 and 2). These
findings could be attributed to the rapid tumor progression
and treatment-related adverse events of advanced-stage
patients, forcing them to leave or quit their jobs. Addition-
ally, most patients with advanced-stage lung cancer received
care at tertiary referral centers without evening or night ser-
vices. Patients are usually required to take leave from work
for doctor visits, forcing them to change to less burdensome
jobs. In contrast, the monthly EMRATIOs of patients with
stage I NSCLC and their referents did not differ a lot. In fact,
patients with stage IA adenocarcinoma had higher monthly
working salaries than their referents, resulting in higher life-
time productivity. A plausible explanation is that this sub-
group of patients was more likely to be wealthy and paid
out-of-pocket expenses for LDCT screening to detect the
cancer early. Those with higher earnings might face greater
workplace stress and have a higher probability of being ill
[24]. This conjecture is supported by the higher monthly
insurance premiums of patients with stage IA adenocarci-
noma compared with the others (Table 1).

Different methods were used to value productivity [25].
The friction-cost method considers the productivity loss due
to temporary absenteeism from an employer’s perspective.
The human capital method calculates the loss of a worker’s
lifetime earnings due to morbidity or premature death from
a patient’s perspective. This study used the latter approach
and extrapolated the estimates beyond the observable time
horizon to account for lifetime earnings and societal impact

of LDCT screening. As a result, the estimates obtained were
greater than those using the friction-cost method.

Several limitations must be acknowledged in our study.
First, we used monthly working salaries to calculate pro-
ductivity loss and did not consider income from property
rentals and firm profits, which might underestimate lifetime
productivities of the index and reference groups. However,
a2.11% supplementary premium for receiving other types
of income was charged and the NHI enforced the stipula-
tion [26]. The magnitude of underestimation would not be
too large. Additionally, an increase in life expectancy leads
to increased consumption, which in turn improves welfare
[27-29]. Our estimation did not concern loss of consumption
associated with loss of life expectancy. The loss of lifetime
productivity would be underestimated. Second, the National
Cancer Registry data included smoking information on lung
cancer patients beginning from 2011. They were followed
up until the end of 2020 for monthly employment status and
working salaries. Given the 10-year follow-up period, we
needed to extrapolate the EMRATIOs of the index patients
aged 50-59 years up to age 65. Nevertheless, a follow-up
of 10 years is generally longer than the LE of lung cancer
patients (Table 2), implying a relatively small bias might
have existed. Third, our results cannot be generalized to pop-
ulations outside of Taiwan since the survival, employment
rates, and working salaries among different countries are
supposed to be different. However, this methodology pro-
vides an alternative way for estimating the productivity loss
of cancer survivors or patients with other chronic illnesses.

Conclusion

In conclusion, this study used real-world EMRATIOs and
monthly salaries to quantify the losses of lifetime employ-
ment duration and productivity in patients with different
subtypes and stages of lung cancer. Compared with ade-
nocarcinoma patients, those with SCLC or NSCLC other
than adenocarcinoma experienced greater losses of lifetime
employment duration and productivity. Early diagnosis of
lung cancer would save losses of employment duration and
lifetime productivity for patients. Future evaluation of the
cost-effectiveness of lung cancer screening could consider
including these societal impacts.
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