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Abstract. [Purpose] The associations between changes in respiratory function, exercise tolerance, and quality of
life (QOL) in patients with lung cancer who undergo lobectomy using video-assisted thoracoscopic surgery (VATS)
are unclear. This study aimed to investigate the relationships between exercise tolerance and QOL in patients who
underwent VATS. [Subjects and Methods] Thirty-six patients with lung cancer were followed for 3 months after
VATS. Patients were evaluated before and 1, 4, and 12 weeks after surgery. Respiratory function, grip strength, and
knee extension strength, as well as the results of timed up and go, 6-minute walk, and cardiopulmonary exercise
tests, were evaluated using the 36-item short-form health survey. Longitudinal changes in physical performance
and QOL were analyzed, as was the relationship between the change in physical function and QOL. [Results] The
physical and social aspects of QOL significantly decreased at week 4 post-surgery, but recovered to pre-surgical
levels by week 12. In contrast, physical (non-respiratory) function recovered to pre-surgical levels by week 4. There
was no correlation between the percentages of change in QOL and those related to physical function. [Conclusion]
Our preliminary study highlights the fact that early recovery of physical function is possible after VATS, but does
not necessarily correlate with early QOL recovery. It is therefore necessary to perform perioperative interventions
to promptly restore QOL after surgery.
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INTRODUCTION

Recent trends in lung cancer care have improved survival rates owing to advances in diagnosis and treatment techniques;
however, lung cancer is still a top cause of cancer-related death!). Lobectomy is the most effective treatment for early-stage
lung cancer, and is commonly performed via minimally invasive video-assisted thoracoscopic surgery (VATS)?>™). The ad-
vantage of this method is that the number of hospitalization days is shorter than if thoracotomy is performed®; this lowers the
incidence of postoperative complications”) and improves the 5 year survival rate®). The spread of VATS has enabled curative
therapy for patients who are elderly or have poor lung function® '),

Postoperative physical therapy has clear benefits, as exemplified by a community program implemented by Edvardsen et
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al. following hospital discharge!". In Japan, however, the groundwork has yet to be laid for physical therapy following hos-
pital discharge. Physical therapy is performed during the perioperative period, and the desired approach is one that focuses
not only on major survival-related medical indices but also on the postoperative quality of life (QOL)'?. Although the QOL
is known to decrease post-surgery'? !4, the factors causing it to decline are unclear, and QOL improvement programs have
yet to be established.

The identification of factors causing QOL to decline might lead to the development of effective physical therapy programs
for VATS patients. This requires examining the association between exercise tolerance and QOL in lung cancer survivors. In
this study, we investigated the natural recovery timeline over a 12-week period in patients who had only undergone physical
therapy while hospitalized with the aim of identifying the areas on which physical therapy should focus while patients are
still hospitalized.

SUBJECTS AND METHODS

This was a prospective study of the pre-surgical period as well as 1, 4, and 12 weeks post-surgery. The study was approved
by the Osaka Prefecture University Research Ethics Committee, Osaka, Japan (2014/2014-122).

Patients who were scheduled for lung surgery were included in the study. A total of 47 patients were initially enrolled, 36
of whom we were evaluable for the 3-month duration of the study. In accordance with the Declaration of Helsinki, patients
received written and verbal explanations of the research plan in advance, and each provided written consent to participate.
Patients who were excluded were those with dementia, apparent motor paralysis, painful bone and joint diseases, and severe
medical comorbidities.

Preoperative education was conducted to prevent otherwise likely impairment of postoperative respiratory function,
decreased physical function, and postoperative complications. Additionally, we provided instructions for perioperative
management such as early mobilization and respiratory exercise. After surgery, physical therapy was performed in the ward
from the first day after surgery. Postoperative guidance involved walking exercises and bicycle ergometer exercises aimed at
improving exercise tolerance. Although we designed and provided instructions regarding home rehabilitation programs, the
implementation rate was unclear. None of the subjects received outpatient physical therapy.

The evaluated parameters included the respiratory function, grip strength, knee extension strength; and timed up and go
(TUG) test, 6-minute walking distance test (6MWT), cardiopulmonary exercise test (CPX), and short-form 36-item health
survey (SF-36) results.

A spirometer manufactured by Minato Medical Science Co., Ltd. (Osaka, Japan) was used for the respiratory function test;
the flow volume was measured at least twice, and the best value was adopted. The grip strength was measured with a digital
grip force meter manufactured by Takei Instrumentation Industry (Tokyo, Japan). The knee extension strength was measured
with a handheld dynamometer manufactured by Anima Co., Ltd (Tokyo, Japan), the value was normalized to the percentage
of body weight. The tests were performed twice on both sides, and the larger values were adopted. TUG was measured upon
walking “as fast as possible”!®). From an initial position seated on a 40 cm-high armrest chair, patients were twice signaled to
rise, walk around a pole 3 meters away, and return to their seats; the shorter of the 2 times required to complete this task was
recorded. The 6MWT was measured according to the American Thoracic Society Statement'®), where the longest distance
walked in 6 minutes was measured. Study participants wore shoes suitable for walking and were instructed to attempt to
cover the longest distance possible. The CPX was performed using a breath-by-breath method with a bicycle ergometer and
respiratory metabolism measurement apparatus (manufactured by Minato Medical Science Co., Ltd.). The symptomatology
maximum exercise load was measured using linear incremental 1-minute loads at 20 watts after resting for 3 minutes. The
measurement indices included oxygen uptake, carbon dioxide output at an anaerobic metabolism threshold time, as well as
the symptomatic limit maximum exercise load as calculated by the V-slope method.

The SF-36 (Japanese version) is a standardized self-management questionnaire to measure QOL!?. A higher score denotes
a better QOL parameter across all indices. The SF-36 has a physical component summary (PCS), a mental component sum-
mary (MCS), and a role/social component summary (RCS); these were composed of 8 scales in total. The questionnaire has
been validated for assessing changes in QOL in lung cancer research!® '¥). In this study, we determined the deviation value
of the score based on the nature of the questions and the national standard deviation.

Continuous variables are expressed as means and standard deviations. Longitudinal changes in physical function and
QOL at different time points were analyzed by repeated measures of variance analysis, and the Dunnett method was used
for the post hoc test. The relationships between each pre-surgically measured parameter and QOL, and that between the
percent change in each measurement item and percent change in QOL score, were analyzed by Pearson’s correlation analysis.
Statistical analysis was performed using the SPSS software, version 19 (IBM, Chicago, IL, USA). The sample size required
at least 24 patients to achieve a power of 80% with a significance level of 0.05 and measurement time of 4.

RESULTS

Of the 47 subjects who initially registered, 8 who did not complete logistical requirements, 2 who developed metastasis
and recurrence, and 1 who did not undergo surgery were excluded from the study. Ultimately, 36 patients participated.
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The characteristics of the participants who underwent VATS are Table 1. Characteristics of participants (n=36)
shown in Table 1. There were no serious postoperative complica-
tions among the participants in the study; however, 6 patients

Mean + SD or n (%)

. . . S . Age (years) 73.2+6.7
experienced postoperative pain at the surgical incision site.

Table 2 shows the longitudinal changes in the physical func- Gender, Male (n) 22 (6L.1)
tion of the participants. In the respiratory function test, the forced Body mass index 239+3.1
vital capacity (FVC) decreased significantly from 2.79 = 0.63 1 Duration of hospital stay (days) 10.4+2.7
before surgery to 2.27 + 0.52 1 (p<0.05) 4 weeks after surgery Lesion location (n)
and to 2.39 £ 0.52 (p<0.05) 12 weeks after surgery. The percent LUL 5(13.9)
FVC was significantly lower 4 and 12 weeks after surgery than LLL 6 (16.7)
before surgery. Th_e fqrced expiratory volume (FEV) and percent RUL 11 (30.5)
FEV were also significantly decreased 4 §nd_ 12 weeks aftfzr RML 4(11L1)
surgery compared to before. There was no significant change in RLL 10 27.8)

maximal oxygen consumption or in respiratory metabolic capac-

ity over the entire period. Grip strength, TUG, and 6MWT were Extent of surgery

significantly decreased 1 week after surgery, but recovered to Segmentectomy 11 30.5)

preoperative levels 4 weeks afterwards. Additionally, isometric Lobectomy 25(69.5)

knee extension strength decreased significantly 1 week after sur- TNM stage (n)

gery, but remained significantly higher than pre-surgical values T1a/T1b/T2a/T2aN1/T2b 17/5/8/2/1

during the later time points. Primary Tumor (n) 34 (94.4)

Table 3 shows the longitudinal changes in QOL. The PCS Comorbidity (n)

score decreased significantly from 47.1 + 11.2 before surgery to COPD 10 27.8)

35.9+15.0 (p<0.05) 1 week after surgery, to 41.6 + 12.8 (p<0.05) Diabetes 6(167)

4 weeks after surgery, and to 43.2 + 10.3 (p<0.05) 12 weeks )

after surgery. There was no significant difference in the MCS Hypertension 2250
Postoperative pain (n) 6 (16.7)

score across all time points. RCS scores decreased significantly
from 45.0 £ 13.6 before surgery to 36.8 + 13.7 (p<0.05) 1 week LUL: left upper lobectomy; RUL: right upper lobectomy;
after surgery, and decreased significantly further to 32.6 + 14.8 ELMLer;g}ﬂ tlr(r)l ;ilf llgt?gccttgﬁg;; If;h}iitﬁ:fgg:i :::t?sl_;
(p<0.05) 4 weeks after surgery. RCS at 12 weeks after surgery tasis; COPD: chronic obstructive pulmonary disease; SD:
was not significantly different from before surgery. standard deviation.

Table 4 shows the correlations between QOL and each physi-
cal function before surgery. Before surgery, there was a signifi-
cant correlation between PCS and grip force (r=0.403, p<0.05),
knee extension strength (r=0.443, p<0.01), TUG (r=-0.587, p<0.01), and 6MWT (r=0.563, p<0.01). However, there was
no significant correlation with respiratory function or the cardiopulmonary exercise test result. Furthermore, there was no
significant correlation between any physical function and MCS or RCS.

Table 5 shows the correlation between the percent change in each measurement item from before surgery to 12 weeks after
surgery, as well as the percent change in QOL. There was no significant correlation between the percent change in PCS, MCS,
and RCS and that in any of the parameters.

DISCUSSION

This prospective study aimed to objectively evaluate the physical functions of patients with lung cancer before and after
VATS, including exercise tolerance and QOL, and to clarify the changes associated with these parameters after surgery. Our
cohort was small and the results were preliminary; hence, our results should be interpreted with some caution. However,
our findings suggest that the recovery of QOL and of physical function do not necessarily coincide. It was evident that the
physical aspect of the QOL was suppressed until week 4 post-surgery, and gradually recovered to pre-surgical levels by week
12. It was also evident that the social role function aspect of the QOL was at its nadir at week 4 post-surgery, with a recovery
observed in week 12 post-surgery. On the other hand, physical functions other than respiratory had recovered to pre-surgical
levels by week 4 after surgery; knee extension strength was clearly stronger at that point than before surgery. Interestingly,
there was no correlation between the percent changes in QOL and those in physical function. There is a dearth of studies
on QOL and physical function in patients with lung cancer after surgical intervention'?). We hypothesized that a correlation
exists between the recovery of physical function and that of QOL; however, our results disproved this hypothesis, as no
significant correlation was found between the recovery of physical function and that of QOL.

Rizk et al.!?) clearly showed that the physical aspect of QOL in patients who underwent VATS decreased after surgery
before gradually recovering. Sommer et al.>?) observed changes in the SF-36 physical function when comparing patients
before surgery to 1 year after surgery. They reported that the physical role function decreases after surgery, but that rehabilita-
tion provides a significant improvement even beyond the patients’ pre-surgical statuses. In our study, a recovery was observed
by week 12; however, there was a greater decrease in week 4 post-surgery than immediately after surgery. Schroyen et al.?!)
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Table 2. Chronological changes in physical function (n=36)

Baseline 1 week 4 weeks 12 weeks
Mean + SD Mean + SD Mean + SD Mean + SD

Respiratory function

FVC (1) 279 +£0.63 2.27+0.52" 2.39+0.52"

%FVC (% predicted) 98.0+15.0 79.4 + 13.4" 84.1 +13.9

FEV,, (1) 2.13 +0.51 1.77 £ 0.45" 1.90 £ 0.48"

%FEV| o (% predicted) 95.5+£20.2 78.8 £16.9" 84.8 +17.6

FEV, o/FVC (%) 76.4+9.2 78.2+10.2 79.3+9.6
Cardiopulmonary exercise test (AT)

VO, (ml/kg/min) 12.0+2.4 11.7+2.4 11.7+2.5

VCO, (ml/kg/min) 11.4+2.6 11.3+2.5 114+25
Cardiopulmonary exercise test (Peak)

VO, (ml/kg/min) 16.2+4.2 152+4.1 154+4.1

VCO, (ml/kg/min) 170+ 5.4 164+54 16.7+4.9
Muscle strength

Hand grip (kg) 30.5+09.1 28.7+9.3" 29.7+8.8 30.2+£9.0

Knee extension strength (% BW) 459+ 13.9 42,8 £14.1" 498 +6.7" 51.3+18.4"
Walking ability

TUG (sec) 6.1+1.6 7.0+2.2" 63+17 62+1.8

6MWT (m) 523.2+116.3 463.9+112.3" 516.5+115.0 535.1+120.2

*p<0.05 vs. preoperative; FVC: forced expiratory volume; I: liter; FEV: forced expiratory volume; AT: anaerobic
threshold; VO,: uptake; VCO,: carbon output; W: mechanical power; TUG: timed up and go; 6MWT: 6-minute walk-
ing distance test; SD: standard deviation.

Table 3. Chronological changes as recorded on the short-form 36 health survey (SF-36) (n=36)

Baseline 1 week 4 weeks 12 weeks
Mean + SD Mean + SD Mean + SD Mean + SD
SF-36 subscales (0-100 points)
PF 81.8+13.6 66.3+22.1" 73.7+21.2" 78.0 + 14.6
RP 78.8 £24.3 54.0 £31.0° 51.5+28.4" 70.3 £24.9
BP 76.7+23.4 63.0+29.7° 59.4 +27.3" 70.8 +20.2
GH 62.0+17.0 55.5+21.0 58.5+16.3 60.8 £16.7
VT 65.9+17.8 60.4+229 54.5+253" 65.0+23.3
SF 85.6+16.3 75.8 £24.6 66.3 +25.9" 79.9 +18.7
RE 79.3 £26.1 63.1£32.1" 61.1+34.3" 75.0 £29.2
MH 66.1 +18.7 68.3 +18.7 63.6 +23.6 72.0+£19.0
SF-36 subscales (Scoring method based on national standard value)
PF 447+9.8 33.8+16.1" 38.9+15.3" 42.0+10.5
RP 444 +12.9 321+ 164" 299+ 15.1° 39.9+13.2
BP 51.3+10.5 44,5+ 129" 43.6+12.2" 48.7+9.0
GH 49.5+9.1 45.6+10.8 47.6 £8.7 48.9+8.9
VT 51.6 £9.1 49.4+£10.7 457 +13.07 51.1+12.0
SF 49.6+8.4 441+ 12.5" 39.6 + 13.3" 46.7+9.7
RE 457+ 13.0 36.9+ 157" 36.6+17.2" 43.6+14.6
MH 47.0 £ 10.0 473 +10.1 457+£12.6 50.2+£10.2
SF-36 component summary score
PCS 471 +£11.2 359+ 15.0 41.6+12.8" 43.2+10.3"
MCS 527+9.6 56.1£8.5 53.5+94 552 +8.8
RCS 45.0+13.6 36.8+13.7 32.6+14.8 42.0+13.5

*p<0.05 vs. preoperative; PF: physical functioning; RP: physical role functioning; BP: bodily pain; GH: general health;
VT: vitality; SF: social functioning; RE: emotional role functioning; MH: mental health; PCS: physical component
summary; MCS: mental component summary; RCS: role/social component summary; SD: standard deviation.
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Table 4. Relationship between physical function and health- Table 5. Relationship between rate of change in physical function
related QOL in preoperative (n=36) and rate of change in QOL from preoperative to postop-
erative 12 weeks (n=36)

PCS MCS RCS

Respiratory function PCS MCS RCS

%FVC -0.17  0.02 -0.14 Respiratory function

%FEV, o -0.16 0.02 -0.13 %FVC 0.09 0.01 -0.28
Cardiopulmonary exercise test (AT) %FEV, 0.03 -0.07 -0.12

Vo, 0.10 0.14 -0.04 Cardiopulmonary exercise test (AT)

VCO, 0.04 003 001 VO, -0.12 027 -0.02
Cardiopulmonary exercise test (Peak) VCO, -0.13 015 -018

VO, 023  0.03 0.10 Cardiopulmonary exercise test (Peak)

VCO, 020 —-004 0.12 VO, 0.05 0.17 0.01
Muscle strength VCO, -0.11  0.23 -0.05

Hand grip 0.40" —0.05 —0.09 Muscle strength

Knee extension strength 0.44" —-0.08 0.06 Hand grip 0.18 0.01 0.18
Walking ability Knee extension strength 0.08 -0.11 0.02

TUG ~0.59* 017 -0.14 Walking ability

6MWT 0.56" —0.13  0.14 TUG 0.07 016 -0.24
*p<0.05; QOL: quality of life; FVC: forced expiratory volume; O6MWT 0.07 -0.10  0.09
FEV,,: forced expiratory volume; VO,: uptake; VCO,: carbon *p<0.05; QOL: quality of life; FVC: forced expiratory volume;
dioxideoutput; W: mechanical power; TUG: timed up and go; FEV, (: forced expiratory volume; VO,: uptake; VCO,: carbon
6MWT: 6-minute walking distance test; PCS: physical compo- dioxide output; W: mechanical power; TUG: timed up and go;
nent summary; MCS: mental component summary; RCS: role/ 6MWT: 6-minute walking distance test; PCS: physical compo-
social component summary. nent summary; MCS: mental component summary; RCS: role/

social component summary.

reported that, in elderly patients with cancer, self-perception regarding aging and the effect of cancer influenced QOL, and
that self-awareness of aging was also linked to physical health. The participants in our study were elderly, and it is possible
that self-perceptions with respect to aging as well as their disease had a negative effect on QOL, as Schroyen et al. reported.

In general, muscular force and walking ability decrease in individuals as they age??, and pulmonary rehabilitation is
usually implemented before and after surgery'? 1> 2324, In a 12-week randomized comparison study of 53 patients post-
lobectomy, Arbane et al.?*) observed no difference between patients who underwent usual care vs. those who received inter-
vention (twice daily exercise training) 12 weeks after surgery. Conversely, Edvardsen et al.'? performed intensive training
for their patients and found that post-surgical knee extension strength increased compared to that before surgery. In our study,
we did not perform intensive training; however, knee extension strength was increased by week 12 after surgery compared to
before surgery, and exercise tolerance also recovered rapidly to pre-surgical levels.

While the longitudinal indicators in our study are consistent with those of previous studies, there were no correlations
between percent changes in QOL and those of physical function. This indicates that although early recovery of physical
function is possible after VATS surgery, early recovery of QOL presents a greater challenge and is likely influenced by
multiple factors.

The discrepancy between the recovery of physical function and that of QOL may be caused by differences between the
levels of physical activity and physical function. Granger et al.>® investigated physical activities in patients with lung cancer
who were managed surgically and those who were not. They found that the non-surgically treated group did not experience a
change in physical activity, while a significant decrease in physical activity was observed in surgically treated patients. Since
the values for various SF-36 component summaries in our study decreased, it appears that the level of physical activity was
lower despite achieving a recovery of physical function by week 4 after surgery (as Granger et al. observed).

Our study also investigated the relationship between physical function and QOL before surgery. Pompili et al.>® found
that the QOL of patients with lung cancer declined even before surgery; we also observed such a decrease before surgery.
Moreover, the PCS before surgery was significantly correlated with performance tests. The fact that pre-surgical PCS did not
correlate with respiratory and circulatory function, and that the MCS and RCS were not correlated with physical function,
again suggests that QOL is governed by multiple factors. Therefore, it may be difficult to recover QOL quickly with a
rehabilitation program focused on improving athletic performance. In recent years, hospitalization and intervention periods
have become shorter; hence, it is necessary to verify the efficacy and efficiency of these intervention methods.

This study had some limitations. Although the purpose of this study was not to investigate post-surgical complications,
there were several patients in whom it was impossible to evaluate physical function or QOL; moreover, the sample size
was already quite small. QOL was likely to be even lower in these excluded patients. Furthermore, it was not possible to
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investigate the levels of physical activity, and we were thus unable to determine the relationship between physical activity,
physical function, and QOL.

Our preliminary study highlights the fact that early recovery of physical function is possible after VATS, but that this does
not necessarily correlate with early QOL recovery. Given these findings, we propose that physical therapists should examine
methods that can promptly improve the QOL for lung cancer survivors who undergo VATS, not only to prevent postoperative
complications but also to improve physical function.
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