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Pre-operative Physical Performance Is Associated With Early Return to
Work in Peri-operative Lung Cancer Patients
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Abstract : Little is known about the factors related to return to work (RTW) in patients with peri-operative lung
cancer (LC). This study aimed to investigate whether pre-operative physical performance is associated with early
RTW in patients with peri-operative LC. A total of 59 patients who wished to resume work after lung resection
surgery were included and were divided into three groups: early RTW (within 14 days after discharge), delayed
RTW (within 15-90 days), and non-RTW (failure of RTW within 90 days). The early RTW group had significantly
lower scores on the modified Medical Research Council dyspnea scale (mMMRC) and significantly higher scores on
the Euro Quality of Life 5-Dimension 3-Level (EQ-5D-3L) than the non-RTW group. Multivariate logistic regres-
sion analysis showed that EQ-5D-3L scores were significantly associated with early RTW, and mMRC scores and
knee extensor strength tended to be associated with early RTW. Better pre-operative quality of life, mild dyspnea,
and greater lower limb muscle strength tended to be associated with early RTW in patients with peri-operative LC.
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It is estimated that
approximately only half of cancer survivors are em-

Introduction survivors has also increased [2].

Cancer is one of the most prevalent diseases in
the world, and the number of patients with cancer is
expected to reach 21.6 million globally by 2030 [1].
The average life expectancy of cancer patients has in-
creased in recent years due to early detection and im-
proved treatment techniques, and the number of cancer

ployed, making employment support for cancer sur-
vivors an important issue [3]. Indeed, cancer patients
face numerous challenges in their working environ-
ment, and they have a higher risk of losing their jobs
than healthy individuals [4, 5].

Lung cancer (LC) is a highly prevalent disease not
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only in Japan but also worldwide [6]. Surgical treat-
ment is considered the standard therapy for patients
with early-stage non—small cell LC [7]. The devel-
opment of minimally invasive surgical techniques and
peri-operative management has shortened hospital
stays and improved prognosis in recent years [7]. A
systematic review on return to work (RTW) among
patients with LC reported that they are more likely to
lose their jobs, take sick leave, change their job, or lose
income than are other cancer patients [8]. Although
there are several studies on the relationship between
workers’ occupation and LC incidence and prognosis
[9], there are no reports, to our knowledge, on the sta-
tus and factors related to RTW in patients with peri-op-
erative LC. While several studies have shown that the
physical performance of patients with peri-operative
LC affects post-operative complications and prognosis
[10], the relationship between physical performance
and RTW in these patients remains unclear.

This study aimed to explore the status of RTW in
patients with peri-operative employed LC and its as-
sociated factors. We also investigated whether pre-op-
erative physical performance is associated with early
RTW.

Methods

Study design and patients

This study included 83 employed patients (aged 20
years or older) who wished to resume work after dis-
charge among the 325 patients admitted to our hospital
for lung resection surgery between August 2018 and
October 2019. We conducted a questionnaire survey
3 months after hospital discharge; 59 patients returned
the questionnaire and were included in the analysis.
The patients were divided into RTW and non-RTW
groups. The RTW group was further dichotomized
based on the average number of days from discharge
to resumption of work, with the early RTW group de-
fined as the mean number of days or less and the de-
layed RTW group defined as the mean number of days
or more.

This study was approved by the ethics committee
of the University of Occupational and Environmental
Health (No. H30-157). The patients were informed via
verbal and written communication outlining the objec-

tives of the study, the requirements for withdrawal,
and the freedom to decline participation without any
disadvantage. Voluntary consent was obtained from
each patient.

Data collection

We collected the following data from electronic
medical records: basic characteristics, physical mea-
surements, cancer histology, cancer stage, respira-
tory function, surgical procedures, and post-operative
course. We used questionnaires to survey the patients’
work and living environments before admission and
their RTW status 3 months after discharge. The Work
Ability Index (WAI) was used to assess the ability to
adapt to work [11].

Assessment of physical performance

Assessment of physical performance included the
modified Medical Research Council dyspnea scale
(mMRC), the Eastern Cooperative Oncology Group
Performance Status (ECOG-PS), upper arm circum-
ference, calf circumference, knee extensor strength
(KES), grip strength, Short Physical Performance
Battery (SPPB), 10-meter walk time, 6-minute walk
test, and the Euro Quality of Life (QOL) 5 dimension
3-level (EQ-5D-3L). The mMRC was used to assess
dyspnea [12], and ECOG-PS was used as a measure
of general health status and limitations of activities of
daily living (ADL) [13]. Upper arm and calf circum-
ferences were used as anthropometric measurements.
KES and grip strength were used to assess muscle
strength [14], and SPPB was used as a simple physical
performance battery [15]. The 10-meter walk time and
6-minute walk test were used as gait assessments [16].
EQ-5D-3L was used to assess health-related QOL
[17]. Details of the physical performance assessment
are described in previous reports [12-17].

Department of Occupational Medicine

The University Hospital of Occupational and Envi-
ronmental Health, Japan, established Japan’s first De-
partment of Occupational Medicine in 2018, special-
izing in health promotion and employment support.
The Department of Occupational Medicine arranges
and proposes solutions to employment issues from
the standpoint of a medical institution in cooperation
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with the attending physician’s department and issues
a written opinion from the attending physician to the
employer when necessary [18].

Statistical analysis

The Kaplan—Meier survival curve was used to cal-
culate the cumulative RTW rates in the patients. The
chi-square test was used for categorical variables
and the Kruskal-Wallis test was used for continuous
variables to assess the differences between the three
groups. Bonferroni's multiple comparison method was
used for items with significant differences among the
three groups. Logistic regression analysis was used
to investigate whether the physical performance was
associated with early RTW. A univariate analysis was
conducted first, followed by a multivariate analysis
adjusted for age and sex. A logistic regression analy-

sis, excluding patients who received adjuvant therapy,
was also performed as a subgroup analysis. All statis-
tical analyses were performed using SPSS Statistics,
version 25 (IBM Corp., Armonk, NY). Statistical sig-
nificance was set at P<0.05.

Results

The average RTW period for the RTW group was
14.6 days. We divided the patients into three groups:
the early RTW group, who resumed work within 14
days of discharge (31 patients), the delayed RTW
group, who resumed work between 15 and 90 days af-
ter discharge (13 patients), and the non-RTW group,
who failed to resume work within 90 days (15 pa-
tients) (Figure 1). The cumulative RTW rates of all
the patients are shown in Figure 2. The cumulative

August 2018-October 2019
Hospitalized to undergo lung resection
for suspected lung cancer (n=325)

Working patients who wished to
return to work after surgery (n=101)

{ Unemployed patients (n=224) ]

Exclusion (n=18)
No rehabilitation prescription (n=7)

[ Participated in the study (n=83)

)

Refused to participate (n=5)

No preoperative rehabilitation (n=5)
L Intellectual disability (n=1)

Exclusion (n=24)
Lung cancer negative (n=11)
Did not return questionnaire (n=8)

IR

Returned questionnaire after 3 months
of hospital discharge (n=59)

]

Death (n=1)

Discharged without surgery (n=2)
Only lymph node biopsy (n=1)
Difficult to continue research (n=1)

Early RTW group (n=31)
Within 14 days of discharge

Delayed RTW group (n=13)
Within 15-90 days after discharge

Non-RTW group (n=15)
Sick leave (n=9)
Retirement (n=6)

Figure 1. Study flow diagram. RTW: return to work.
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RTW rates within 14 and 90 days were 52.5% (31/59)
and 74.6% (44/59), respectively. There were changes
in work content (e.g., reduction in workload) after re-
commencing work for two patients in the early RTW
group and four patients in the delayed RTW group.
Nevertheless, all patients in the RTW group resumed a
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full-time status on the first day back at work.

The clinical characteristics of patients are presented
in Table 1 and Table 2. There were no significant dif-
ferences in age or sex, but all the patients except one
in the non-RTW group were over 60 years old, and the
proportion of female in the non-RTW group was 53%,

74.6%
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Figure 2. Cumulative RTW rate from the initial day of discharge. RTW: return to work.

Table 1. Clinical characteristics of the patients

Early RTW Delayed RTW Non-RTW
(n=31) (n=13) (n=15)
n(%); mean+SD  n(%); mean+SD  n (%); mean+SD P-value
Age 63.1 = 10.7 588 £ 124 66.8 £ 6.5 0.16
Range (youngest - oldest) 28 — 86 36 - 73 50 - 79
Sex (male : female) 22 : 9 8:5 7:8 0.29
Charlson Comorbidity Index 0.06
0 (low risk) 15(48) 5(38) 4(27)
1-2 (moderate risk) 12(39) 6(46) 4(27)
3-4 (high risk) 3(10) 2(15) 4(27)
>5 (very high risk) 1(3) 0 3(20)
Surgical approach c 0.01*
VATS 20(65) 12(92) 7(47)
RATS 8(26) 1(8) 2(13)
Thoracotomy 3(10) 0 6(40)
Hospital stay (days) I1+5 11 +7 14+£7 0.13
Adjuvant therapy 1(3) 1(8) 4(27) 0.45
Type of occupation 0.27
Clerical and research 13(42) 3(23) 3(20)
Sales, technical, and engineering 16(52) 9(69) 12(80)
Others 2(6) 1(8) 0
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Duties 0.59
Manager 10(32) 1(8) 2(13)
Supervisor 3(10) 3(23) 3(20)
General 6(19) 3(23) 3(20)
Others 12(39) 6(46) 7(47)
Employment status <0.05*
Regular 12(39) 431 4(27)
Re-employment 6(19) 2(15) 2(13)
Part-time 1(3) 5(38) 4(27)
Self-employed 4(13) 1(8) 4(27)
Others 8(26) 1(8) 1(7)
Business trip (yes) 12(39) 1(8) 1(7) 0.03*
Occupational physician 0.95
Full-time doctor 2(6) 1(8) 1(7)
Part-time doctor 10(32) 4(31) 3(20)
None 19(61) 8(62) 11(73)

WALI dimensions

6. Own prognosis of work ability after 2 5.0+ 2.1 6.5+12 35+1.7 c <0.01%*
years T
Family or partner (yes) 30(97) 9(69) 15(100) a,c  <0.01%*
Intervention from the Department of 0 2(15) 1(7) 0.06

Occupational Medicine
Physical performance

mMRC dyspnea scale § b, c 0.01*
0 (normal) 26 (84) 11(85) 7(47)
1 5(16) 2(15) 7(47)
>2 0 0 1(7)

ECOG-PS § 0.35
0 (normal) 29(94) 12(92) 12(80)
1 2(6) 1(8) 3(20)
Upper arm circumference  (cm) 262 £ 2.7 27.6 £4.0 244 £ 28 0.08
Calf circumference f (cm) 348 £33 37.0 £53 33.0 £2.6 0.05
Knee extensor strength (%) 58+ 11 50 £ 8 52 £ 16 0.07
Grip strength 1 (kg) 34.1 £ 10.0 32.7 £ 132 272 + 64 0.05
Short Physical Performance Battery 12.0 £ 0.2 1.7+ 1.1 119 +£0.3 0.77
(points)
10-meter walk time § (seconds) 6.1 = 1.1 6.0+1.3 6.4 +1.0 0.72
6-minute walk distance T (m) 537 £ 67 522 £ 95 493 + 139 0.66
EQ-5D-3L f 0.98 £ 0.07 0.93 £ 0.12 0.88 £ 0.17 b 0.03*

Continuous variables are presented as mean *+ standard deviation. Categorical variables are presented as numbers (%). RTW: return to
work, VATS: video-assisted thoracic surgery, RATS: robot-assisted thoracic surgery, WAI: work ability index, mMRC: modified Medical
Research Council, ECOG-PS: Eastern Cooperative Oncology Group performance status, EQ-5D-3L: Euro Quality of Life 5 dimension
3-level, SD: standard deviation. * P<0.05, ** P<0.01. {: High value is a good indicator, §: Low value is a good indicator. a: Significant
difference between early RTW group and delayed RTW group. b: Significant difference between early RTW group and non-RTW group. c:
Significant difference between delayed RTW group and non-RTW group.
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Table 2. Clinical characteristics of the patients

Early RTW Delayed RTW Non-RTW
(n=31) (n=13) (n=15)
n (%); mean+SD  n (%); mean=SD  n (%); mean+SD P-value
Preoperative pulmonary function test 0.86
%EVC (%) 101 + 14 100 + 11 107 + 24
%FEV, (%) 86 + 17 87 £ 17 87 £ 29
%DLo (%) 92 £24 96 = 30 90 £ 25
Histological type (with overlap) 0.76
Adenocarcinoma 27(87) 12(92) 12(80)
Squamous cell carcinoma 2(6) 1(8) 3(20)
Others 2(6) 0 0
Pathological stage 0.65
0 3(10) 1(8) 0
1 23(74) 10(77) 9(60)
2 1(3) 1(8) 2(13)
3 3(10) 1(8) 2(13)
Unknown 1(3) 0 2(13)
Work style 0.99
Full-time work 18(58) 6(46) 8(53)
Shift work 3(10) 1(8) 1(7)
Discretionary work 5(16) 2(15) 2(13)
Part-time work 5(16) 4(31) 4(27)
Company size 0.53
1-49 22(71) 8(62) 12(80)
50-299 5(16) 4331 2(13)
300-999 1(3) 0 1(7)
>1000 3(10) 1(8) 0
WAI dimensions
1. Subjective estimation of present work 73 +£2.0 7.5 +2.1 82 +1.8 0.33
ability compared with lifetime best
2. Subjective work ability in relation 7.6 £1.8 85 1.5 8019 0.27
to both the physical and the mental
demands of work
3. Number of diagnosed diseases 4.0 £1.7 43 £1.7 4114 0.82
4. Subjective estimation of work 55+1.2 55+0.7 50+1.4 0.29
impairment due to diseases
5. Sickness absenteeism during the past 4.0 £1.1 38+1.2 35+15 0.63
year T
7. Enjoying daily tasks; active and alert; 29 +£1.0 2.7 1.1 2.8 £1.1 0.82
full hope for the future
WAI summary score 36.2 +6.4 359 +12.3 322 +10.7 0.32

Continuous variables are presented as mean + standard deviation. Categorical variables are presented as numbers (%). RTW: return to
work, WAI: work ability index, SD: standard deviation, FVC: forced vital capacity, FEV,: forced expiratory volume in the first second,
DLo: diffusing capacity for carbon monoxide. * P<0.05, ** P<0.01. f: High value is a good indicator, §: Low value is a good indicator.
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which was higher than that in the other two groups.
In terms of the Charlson Comorbidity Index (CCI),
which indicates the degree of comorbidity and the
risk of post-operative complications, the proportion
of patients at higher risk was greater in the non-RTW
group than in the other two groups (CCI>3: early RTW
group, 13% vs. delayed RTW group, 15% vs. non-RTW
group, 47%). More than half of the patients in all three
groups underwent minimally invasive surgery, such as
video-assisted or robot-assisted thoracic surgery. No
patients in the delayed RTW group underwent thora-
cotomy. The proportion of patients in the non-RTW
group who underwent thoracotomy was higher than
that in the other two groups (10% vs. 0% vs. 40%).
There was a significant difference (P=0.01) in the dis-
tribution of surgical approach among the three groups,
and the proportion of patients who received adjuvant
therapy was higher in the non-RTW group than in the
other two groups (3% vs. 8% vs. 27%).

The early RTW group had a higher proportion of
clerical and research workers (42% vs. 23% vs. 20%),
managers (32% vs. 8% vs. 13%), and regular employ-
ees (39% vs. 31% vs. 27%). The delayed RTW and
non-RTW groups had a higher proportion of part-time
workers (3% vs. 38% vs. 27%), and the non-RTW
group had a higher proportion of self-employed work-
ers (13% vs. 8% vs. 27%). There was a significant
difference (P<0.05) in the distribution of employment
status among the three groups. Patients in the early
RTW group had a higher number of business trips than
those in the other two groups (39% vs. 8% vs. 7%,
P=0.03). In all three groups, more than half of the
patients did not have an occupational physician at their
workplace (61% vs. 62% vs. 73%). The WAI “own
prognosis of work ability after 2 years” was lower in
the early RTW group than in the delayed RTW group,
and higher than in the non-RTW group (5.0 £ 2.1 vs.
6.5 £ 1.2 vs. 3.5 £ 1.7, P<0.01). The proportion of
patients living with a family member or partner was
significantly lower in the delayed RTW group than in
the other two groups (97% vs. 69% vs. 100%, P<0.01).
The number of patients who received interventions
from the Department of Occupational Medicine was
only 2 in the delayed RTW group, 1 in the non-RTW
group, and 0 in the early RTW group.

In terms of pre-operative physical performance, the

early RTW group had lower mMRC scale scores (0 [0-
0] vs. 1 [0-1] vs. 1 [0-1], P=0.01), higher KES (58 £+
11% vs. 50 = 8% vs. 52 £ 16%), higher grip strength
(34.1+£10.0kgvs.32.7+13.2 kg vs. 27.2 £ 6.4 kg), and
higher EQ-5D-3L scores (0.98 +£0.07 vs. 0.93 £0.12 vs.
0.88 + 0.17, P=0.03) than the other two groups. The
delayed RTW group had larger upper arm (26.2 + 2.7
vs. 27.6 £ 4.0 vs. 24.4 £ 2.8) and calf circumferences
(34.8 £3.3 vs. 37.0 £ 5.3 vs. 33.0 & 2.6) than the other
two groups.

The results of the logistic regression analysis are pre-
sented in Table 3. Multivariate analysis adjusted for age
and sex showed that the EQ-5D-3L scores (odds ratio
[OR]=1.01, 95% confidence interval [CI]=1.00-1.01,
P=0.03) were significantly associated with early RTW;
mMRC scores (OR=0.35, 95% CI=0.10-1.20, P=0.09)
and KES (OR=1.05, 95% CI=1.00-1.11, P=0.07) tend-
ed to be associated with early RTW. The subgroup anal-
ysis of 53 patients, excluding 6 patients in adjunctive
therapy, showed that the EQ-5D-3L scores (OR=1.01,
95% CI=1.00-1.01, P=0.03) and KES (OR=1.06, 95%
CI=1.00-1.12, P<0.05) were significantly associated
with early RTW (Table 4).

Discussion

This is the first study to investigate whether pre-op-
erative physical performance is associated with early
RTW in patients with peri-operative LC. With the latest
minimally invasive surgery and peri-operative man-
agement techniques, more than half of the patients
were able to resume work within 14 days. In addition,
better pre-operative QOL, mild dyspnea, and stronger
lower limb muscles tended to be associated with early
RTW.

RTW rate and its characteristics

The RTW rate within 14 days after discharge for
patients with peri-operative LC was 52.5%, and the
RTW rate within 90 days was 74.6%. A previous study
conducted in 2016 among patients with LC in Japan
reported that the RTW rate was 75%, and the median
time from sick leave to RTW was 96.5 days [19]. Al-
though this report included cases of advanced LC that
were not indicated for surgery, the results cannot be
simply compared with our study, which included pa-



348

H TERAMATSU et al

Table 3. Odds ratios of physical performance related to early RTW determined via logistic regression analysis

Univariate model

Multivariate model

OR 95% CI P-value OR 95% CI P-value
Lower Upper Lower Upper
Modified MRC dyspnea scale? 036  0.11 1.14  0.08 0.35 0.10 1.20  0.09
ECOG-PS* 041  0.07 246  0.33 039  0.06 2.56  0.33
Upper arm circumference’ 1.04 0.88 1.23  0.65 1.01 0.84 1.21 0.95
Calf circumference’ 1.10  0.88 1.15 098 097  0.82 1.14  0.69
Knee extensor strength’ 1.05 1.00 1.10  0.04* 1.05 1.00 1.11 0.07
Grip strength’ 1.04  0.99 .10 0.11 1.04  0.96 .13 0.38
Short Physical Performance Battery” ~ 2.02  0.39 1044 0.40 1.79  0.33 9.67  0.50
10-meter walk time * 099  0.58 1.47  0.73 096  0.57 1.63  0.88
6-minute walk distance’ 1.00  1.00 1.01 0.23 1.00  1.00 1.01 0.20
EQ-5D-3Lf 1.01 1.00 1.01  0.02%* 1.01 1.00 1.01 0.03*

Age and sex were included in the multivariate logistic regression model. OR: odds ratio, CI: confidence interval, MRC: Medical
Research Council, ECOG-PS: Eastern Cooperative Oncology Group performance status, EQ-5D-3L: Euro Quality of Life 5 di-
mension 3-level. * P<0.05. f: High value is a good indicator, §: Low value is a good indicator.

Table 4. Odds ratios of physical performance related to early RTW determined via logistic regression analysis

(Excluding patients who received adjuvant therapy)

Univariate model

Multivariate model

OR 95% CI P-value OR 95% CI P-value
Lower Upper Lower Upper
Modified MRC dyspnea scale® 045  0.15 1.41 0.17 0.41 0.12 1.38 0.15
ECOG-PS® 048  0.07 3.12 0.44 0.43  0.06 3.14 0.41
Upper arm circumference’ 1.01 0.85 1.20 0.89 1.00 0.83 1.20 0.99
Calf circumference’ 096 0.83 1.11 0.59 094  0.79 1.12 0.48
Knee extensor strength’ 1.05 1.00 1.11 <0.05* 1.06 1.00 .12 <0.05%*
Grip strength’ 1.03  0.98 1.09 0.28 1.04  0.96 1.14 0.32
Short Physical Performance Battery® .32 0.08 22.26 0.85 1.28  0.07 23.01 0.87
10-meter walk time * 0.97  0.60 1.59 0.91 096  0.55 1.66 0.88
6-minute walk distance’ .00 1.00 1.01 0.31 .00 1.00 1.01 0.24
EQ-5D-3Lf 1.01 1.00 1.01 0.03* 1.01 1.00 1.01 0.03*

Age and sex were included in the multivariate logistic regression model. OR: odds ratio, CI: confidence interval, MRC: Medical
Research Council, ECOG-PS: Eastern Cooperative Oncology Group performance status, EQ-5D-3L: Euro Quality of Life 5 di-
mension 3-level. * P<0.05. i: High value is a good indicator, §: Low value is a good indicator.

tients with operable early-stage LC. Our results showed
that, thanks to the latest minimally invasive surgery
and peri-operative management techniques, more than
half of the patients succeeded in early RTW, whereas
approximately 25% were unable to resume work with-
in 90 days.

The early RTW group had a higher proportion of
patients who had a family or partner compared with

those in the delayed RTW group. The WAI “own
prognosis of work ability after 2 years” was worse in
the early RTW group than in the delayed RTW group.
This may have been due to pre-operative anxiety re-
garding their ability to adapt to work after RTW, the
financial burden of medical expenses and decreased
income, as well as the pressure to continue working to
support their families [20, 21]. Patients who required
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early RTW, due to these abovementioned reasons, may
have resumed work without adequate home care af-
ter discharge and thus continued to be affected by the
physical burden of surgery. It is important to identify
patients who need early RTW by assessing their ability
to adapt to work before surgery and considering the
implementation of rehabilitative interventions. The
Department of Occupational Medicine can play a ma-
jor role in supporting a smooth early RTW.

Patients in the early RTW group had a higher per-
centage of business trips than those in the other two
groups, and the distribution of difference was also sig-
nificant (39% vs. 8% vs. 7%, P=0.03); however, the
reason for this phenomenon is unknown. Patients in
the early RTW group belonged to larger workplaces
than those in the other two groups and had a higher
percentage of clerical, research, and managerial po-
sitions. We speculate, therefore, that the early RTW
group had stronger pressure to return than the other
two groups did.

The delayed RTW group had a larger limb circum-
ference but a lower KES. Logistic regression analy-
sis showed that the KES tended to be associated with
early RTW, suggesting that the low KES in the delayed
RTW group was an obstacle to early RTW. Pre-op-
erative rehabilitation focusing on strengthening the
muscles of the lower limbs may contribute to a smooth
RTW.

The majority of patients in the non-RTW group
were over 60 years old, with a higher proportion of
women and non-desk workers. In a systematic review
of the RTW status in cancer survivors in Europe, “age
50 years or older,” “female,” and “physically demand-
ing occupation” were cited as obstacles to RTW [5].
These characteristics were similar to those of the non-
RTW group in our study. Patients in the non-RTW
group had more comorbidities, invasive surgeries, and
adjuvant therapies, as well as lower physical perfor-
mance. These results suggest that the patients who
wished to resume work (but were unable to do so) had
characteristics that made RTW difficult, and their poor
general condition before surgery may have acted as an
additional obstacle. Successful RTW in such patients
may require early intervention by the Department of
Occupational Medicine, in addition to aggressive re-
habilitation before surgery.

Physical performance related to early RTW

Multivariate analysis showed that high EQ-5D-3L
was a predictor of early RTW within 14 days. Similar
results were obtained in a subgroup analysis that ex-
cluded patients who received adjuvant therapy. The
EQ-5D-3L is a self-administered questionnaire for the
quantitative assessment of comprehensive health-re-
lated QOL and is widely used in clinical practice [17].
Our results suggest that the EQ-5D-3L can be used
pre-operatively to predict patients who will have diffi-
culty with RTW soon after surgery. The EQ-5D-5L, a
more accurate five-level scale, was recently developed
and has been reported to be a good indicator of the risk
of post-operative complications in LC patients [22].
Future studies of RTW using EQ-5D-5L in patients
with peri-operative LC are needed.

Low mMRC and high KES scores also tended to
be favorable for early RTW. The mMRC can be used
to easily and rapidly evaluate dyspnea and movement
disorders. It has also been reported to be a prognos-
tic indicator for elderly patients, as well as patients
with the chronic obstructive pulmonary disease [23,
24]. KES is widely used in the field of rehabilitation
as an indicator of the acquisition of ADL. KES has
also been reported to be related to prognosis in cancer
patients; it is used not only as an ADL index but also
as a prognostic index [25]. The results of this study in-
dicate that mMRC and KES may be used as predictors
of early RTW and clinical outcomes. However, the
significant associations of mMRC and KES with early
RTW attenuated this trend after adjustment for age and
sex, suggesting that these indices may not be indepen-
dent factors of early RTW, and that other factors may
be involved. Several factors other than age and sex
have been reported to affect RTW in cancer patients [5,
20]. Due to our small sample size, we did not adjust
for factors other than age and sex. On the contrary,
the subgroup analysis excluding patients who received
adjuvant therapy showed that KES was significantly
associated with early RTW. Further studies with larger
sample sizes are needed to clarify the relationship be-
tween physical performance and RTW.

Strengths and limitations
This is the first study to comprehensively inves-
tigate not only inherent patient factors but also fam-
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ily and occupational factors associated with RTW in
patients with peri-operative LC. There are no prior
reports on RTW in patients who have undergone the
latest minimally invasive surgery and peri-operative
management techniques, such as video- and robot-
assisted thoracic surgeries. In addition, most previous
reports on RTW and physical performance were based
on questionnaires or self-reports [26]; no prior studies
have directly assessed physical performance, which
we performed in our study. In patients with peri-oper-
ative LC, better pre-operative QOL, mild dyspnea, and
greater lower limb muscle strength tended to be asso-
ciated with early RTW. We believe that the results of
our study provide new possibilities for rehabilitation in
the field of occupational health.

We acknowledge some limitations in this study.
Due to the small sample size, only age and sex were
adjusted for when investigating factors associated with
early RTW. Originally, employment status should be
adjusted for as a potential confounding factor in mul-
tivariate analyses, but the number of patients was so
small that it was not possible to include employment
status for analysis. We did not investigate income and
education level, either, which are risk factors for job
loss [20]. In the future, long-term studies with larger
sample sizes are needed to adjust for a wide range of
medical, occupational, and social factors. It is also
necessary to investigate whether or not WAI could be
improved through interventions provided by the De-
partment of Occupational Medicine.

This study was conducted before the outbreak of
the coronavirus disease 2019 (COVID-19) and does
not reflect the current context of this pandemic. Eco-
nomic recession due to COVID-19 has made it more
difficult for individuals with disabilities to work [27].
Additional studies are required to investigate the RTW
status in patients with peri-operative LC during the
COVID-19 recession.

Conclusion

Thanks to the latest minimally invasive surgery and
peri-operative management techniques, more than half
of our patients were able to resume work within 14
days. In addition, better pre-operative QOL, mild dys-
pnea, and greater lower limb muscle strength tended to

be associated with early RTW. For a smooth RTW in
patients with peri-operative employed LC, we recom-
mend that those who are expected to have difficulty in
resuming work should be identified early using pre-
operative physical performance assessments. Inter-
ventions conducted by the Department of Occupation-
al Medicine should also be considered in addition to
pre-operative rehabilitation to strengthen lower limb
muscles and reduce dyspnea.
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