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This retrospective study aimed to investigate the validity of a 30-sec chair stand test (CS-30) as a simple test to
assess exercise tolerance and clinical outcomes in 53 Japanese patients with esophageal cancer. There was a
strong correlation between the results of CS-30 and the 6-min walk test (6MWT), the gold standard for assess-
ing exercise tolerance (r=0.759). Furthermore, fewer patients whose CS-30 score was greater than 16 (the cut-
off value defined based on 6MWT) experienced pneumonia in their postoperative course. These results suggest
that exercise tolerance could be assessed using CS-30, and its cutoff value may be useful in predicting postoper-

ative pneumonia risk.
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E sophageal cancer is the eighth most-common

cancer and the sixth most-frequent cause of can-
cer-related death globally [1]. Surgery is a common
strategy for the treatment of esophageal cancer. Low et
al. [2] reported that 59.0% of patients with esophageal
cancer experience postoperative complications.
Therefore, accurate preoperative assessment of risk
factors for complications and appropriate management
are valuable.

Several reports have suggested that preoperative
exercise tolerance in patients with esophageal cancer is
associated with postoperative clinical outcomes [3-6].
The cardiopulmonary exercise test (CPET) [3,4], the
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6-min walking test (6MWT) [5], and the incremental
shuttle walk test ISWT) [6] are commonly performed
to assess exercise tolerance. Although all these assess-
ments are valuable methods for predicting clinical out-
comes, their implementation in general practice pres-
ents challenges because they require time, space,
special equipment and/or expertise. There is a need for
anew method to assess exercise tolerance that is easy to
perform.

The 30-sec chair-stand test (CS-30) is a simple phys-
ical function test using a stopwatch and a chair [7].
Several studies have reported the good reliability of the
chair-standing test [7-9], and its validity as an exercise
tolerance test has been examined in physiological
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experiments on healthy volunteers and patients with
chronic obstructive pulmonary disease [10-12].
Although the validity of CS-30 as an exercise tolerance
test for cancer patients has been investigated in the
United States [8], its validity in Asian cancer patients
has remained unknown. Thus, this study aimed to
investigate the validity of CS-30 as a simple test to assess
preoperative exercise tolerance and clinical outcomes in
Japanese patients with esophageal cancer.

Materials and Methods

The study was designed retrospectively. The study
participants were patients with esophageal cancer aged
20 years or older at Okayama University Hospital and
Akita University Hospital from January 2019 to March
2021. In this study, we included Japanese patients with
esophageal cancer who underwent surgery after neoad-
juvant therapy (high risk of cardiopulmonary dysfunc-
tion [13]). We included Japanese patients with esopha-
geal cancer who (1) were eligible for surgery after
adjuvant therapy, (2) completed neoadjuvant chemo-
therapy or chemoradiation, and (3) received a routine
preoperative physical function assessment. Patients
were included in the study if they met all three inclusion
criteria. Patients were excluded if they had either (1)
missing data of CS-30 or 6MWT in their electronic
medical record or (2) a diagnosis of dementia. Since
this study was exploratory, we did not calculate the
sample size and simply included a feasible number of
patients.

We performed the CS-30 preoperatively following
the method presented by Jones et al. [7]. Physical ther-
apists conducted the test and took care to prevent falls.
A chair with a height of approximately 43 cm was used.
The patient’s posture at the beginning of the test was as
follows: sitting in a chair with both legs shoulder-width
apart, back off the backrest, and arms crossed in front
of the chest. After the practice session, only one trial
was performed. Patients were instructed to stand up
and sit down as many times as possible in 30 seconds
without hands. The numbers of times they stood up
were recorded as their CS-30 score. If a patient was
standing at the 30-sec mark, one was added to the total
number of repetitions.

We evaluated 6MW'T preoperatively following the
guidelines of the American College of Chest Physicians
[14]. We used a flat, straight 30 meter-walking path,
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and examiners explained to patients that they had to
walk as long as possible for 6 min and were allowed a
break during the test which the stopwatch was not
paused. Examiners did not walk with patients, but
patients did receive a specific message about the proce-
dure every minute from them.

We investigated the length of stay in the intensive
care unit, postoperative days until walking, complica-
tions, and 30- and 90-day overall postoperative survival
of the patients. Postoperative complications were
defined as grade 2 or higher according to the Clavien—
Dindo classification (Japan Clinical Oncology Group
postoperative complication criteria).

All statistical analyses were performed with R (ver-
sion 4.0.5). The significance level in all analyses was set
at p<0.05. First, we gathered information about the
clinicopathological characteristics, CS-30, and 6MWT.
Second, we analyzed the correlation between CS-30
and 6MWT using Pearson’s or Spearmans correlation
coefficient after checking the normality of the data.
Third, we categorized the patients who underwent the
operation into two groups on the basis of the cutoff
value of CS-30, as determined by the corresponding
cut-off of 6MWT, and compared their clinical out-
comes using the Wilcoxon rank-sum test, f-test, chi-
square test of independence, and Fisher’s exact test. The
cutoft value of 6GMWT for grade 2 or higher postopera-
tive complications after esophageal cancer surgery in the
Asian population was 454 m [5]. Therefore, we substi-
tuted this value (454 m) into the regression equation
showing the relationship between CS-30 and 6MWT
obtained in this study. We set the cutoft value of CS-30
and determined the relationship of CS-30 to the occur-
rence of grade 2 or higher complications after esopha-
geal cancer surgery.

This study was approved by the Ethics Committee of
Okayama University Hospital (approval number 2107-
012) and the Ethics Committee of Akita University
Hospital (approval number 2721), and it was conducted
following the ethical standards of the responsible com-
mittee on human experimentation (institutional and
national) and of the Declaration of Helsinki of 1964 and
its later versions. Due to the retrospective nature of the
study, the need for informed consent was waived.

Results

We enrolled 53 Japanese patients with esophageal
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cancer who met the criteria. The mean age of patients
was 67.1 years; 46 patients (87%) were male; mean
height was 165.0 cm; mean BMI was 20.6 kg/m’; and
36 patients (68%) had stage III-IVa esophageal cancer.
Thirty-one (58%) and 22 (42%) patients received che-
motherapy and chemoradiation therapy, respectively.
The mean score of CS-30 was 16.9 times, and the mean
distance of 6MWT was 463.2 m (Table 1). There was
strong correlation between CS-30 and 6MWT (r=0.759,
95% confidence interval =0.615-0.854, p=0.001).

A total of 51 (96%) patients underwent esophagec-
tomy, and 2 patients were diagnosed as unresectable by
open chest examination. Five patients (10%) who
underwent resection developed pneumonia postopera-
tively. The regression equation showing the relationship
between 6MWT and CS-30 obtained in this study was
as follows: 6MWT[m]=CS-30[times]*12.88 +245.98
(Fig.1). Therefore, the cutoff value of CS-30 was 16,
and patients were categorized on the basis of CS-30
score as follows: >16 times (n=22) and <16 times
(n=29). Although there was no significant difference
between groups in clinical outcomes, patients whose
CS-30 score was greater than 16 had a decreased risk of
pneumonia (5% vs. 14%, p=0.375) and started walking
earlier postoperatively (day 2 vs. day 3, p=0.075) (Table
2).

Discussion

The results of this study demonstrate a strong cor-
relation between CS-30 and 6MW'T, which is the gold
standard for exercise tolerance assessment in Japanese
patients with esophageal cancer. The findings of this
study support the results of previous studies in the
United States [8]. We consider that CS-30 is also valid
for assessing exercise tolerance in Japanese patients with
esophageal cancer, as shown in physiological experi-
ments on healthy volunteers and patients with chronic
obstructive pulmonary disease [10-12].

Furthermore, this study suggested that CS-30 may
be useful in predicting the risk of postoperative pneu-
monia. Tang et al. [15] reported that CS-30 was one of
the most important predictors of complications after
esophagectomy for cancer. However, they did not
investigate the association of individual complications
(e.g., pneumonia) with CS-30. The present study inves-
tigated the association between CS-30 results and indi-
vidual clinical outcomes. We found that patients whose
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Table 1 Clinicopathological characteristics and surgical
information?

Overall (n=53)
Age (year) 67 1(7.8)
Sex (male) 46 (87%)
Height (cm) 165.0 (6.3)
Weight (kg) 56.2 (10.5)
BMI (kg/m?) 20.6 (3.4)
Tumor type
SccP 48 (91%)
AC° 4 (8%)
Other 1(1%)
Tumor location
Ced 3 (6%)
Te® 48 (85%)
Aef 5 (9%)
T factoré
T1-T2 6 (11%)
T3-T4a 47 (89%)
N factoré
NO-N1 28 (53%)
N2-N3 25 (47%)
M factors
MO 55 (100%)
Stage®
[l 17 (32%)
llI-IVa 36 (68%)
ccih
0 46 (87%)
1—4 7 (13%)
Brinkman Index! 600 (200, 940)
GNRI 949 (10.7)
Malnutrition® 31 (58.5%)
Albumin (g/dl) 6 (3.4, 3.9)
Neoadjuvant therapy
Chemotherapy 31 (58%)
Chemoradiation therapy 22 (42%)
BMWT' (m) 463.2 (101)
CS-30™ (times) 16.9 (6.0)

Surgical information

Open thoracic approach 4 (8%)

Open abdominal approach 27 (53%)
Operative time (min) 569 (509.0, 646.5)
Bleeding volume (ml) 234 (110.0, 355.5)

aStatistics presented: median (IQR); mean (SD); n (%)
bSCC, squamous cell carcinoma; °AC, adenocarcinoma;
dCe, cervical esophagus; ©Te, thoracic esophagus; ‘Ae,
abdominal esophagus; T factor, N factor, M factor,
Stage, UICC The Union for International Cancer Control’s
classification 8th; "CCI, Charlson Comorbidity Index;
Brinkman Index, the number of cigarettes consumed per
day multiplied by years of smoking; 'GNRI (geriatric nutri-
tional risk index), 1.489 X albumin (g/dl)+41.7 X usual
weight/ideal weight; *Malnutrition, GNRI score <98;
'BMWT, 6-min walking test; ™CS-30, 30-sec chair-stand
test.
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CS-30 score was greater than 16 might have had a
decreased risk of pneumonia, which was a new finding.
Previous studies [3-6,16] have reported that CPET,
6MWT, ISWT, and the cross-sectional measurement of
the psoas muscle at the third lumbar vertebra, calcu-
lated by computed tomography, can predict postopera-
tive complications. The results of this study suggested
that CS-30 may be a new predictive marker for postop-
erative pneumonia.

The CS-30 is a useful evaluation test because it is
easy to perform with a stopwatch and a chair. Thus, it
might overcome the limitations of traditional exercise
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Fig. 1 Correlation between 30-sec chair-stand test (CS-30) and

6-min walking test (6MWT). There was a strong correlation between
CS-30 and BMWT (r=0.759, 95% confidence interval =0.615-0.854,
p=0.001). The regression equation showing the relationship
between 6MWT and CS-30 obtained in this study was as follows:
6MWT[m], CS-30[times]*12.88+245.98.
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tolerance assessment methods, which require time,
space, special equipment, and/or expertise. Patients
with esophageal cancer are often immunocompromised
after receiving neoadjuvant chemotherapy before sur-
gery [18]. The CS-30 can be performed in a private
room (e.g., examination room or hospital room), thus
avoiding crowded areas such as rehabilitation rooms. A
feasible preoperative exercise tolerance test using CS-30
might contribute to the development of a perioperative
management plan. Moreover, Do et al. [17] reported
that multimodal inpatient rehabilitation significantly
improved CS-30 compared to conventional pulmonary
rehabilitation in postoperative patients with esophageal
cancer. Thus, CS-30 may be a modifiable risk factor in
patients with esophageal cancer.

This study had some limitations. First, it is a retro-
spective study; thus, we performed a comparison of
CS-30 and 6MWT, which was feasible. We believe that
future prospective studies should be aimed at examin-
ing the correlation between the CS-30 and CPET,
which is the test that analyzes expiratory gases during
exercise loading [4], to more accurately demonstrate
the validity of the CS-30 as a test of exercise tolerance.
Second, we included only patients from a Japanese
population. Because the CS-30 is affected by height
[19], the results of this study need to be carefully gen-
eralized in other populations, such as Europeans and
Americans. Finally, a small number of patients partic-
ipated in this study (n=53). Although the sample size
for the correlation analysis between CS-30 and 6MWT
was sufficient according to G Power 3.1 (Diisseldorf,
Germany) [20], it was not sufficient to analyze the rela-

Table 2  Relationship between CS-30 and clinical outcomes in patients who underwent esophagectomy?
Overall Classification by CS-30° p-value®
>16 times <16 times
(n=51) (n=22) (n=29)
Length of ICUC stay (days) 5.0 (4.0, 5.0) 5.0 (4.0, 5.0) 5.0 (5.0, 5.0) 0.163
Days to walk 3.0 (2.0, 4.0) 2.0 (2.0, 3.0) 3.0 (2.0, 4.0) 0.075
Pneumonia® 5 (10%) 1(5%) 4 (14%) 0.375
Surgical site infection® 3 (6%) 1 (5%) 2 (7%) 1.000
30-day survival 51 (100%) 22 (100%) 29 (100%) 1.000
90-day survival 51 (100%) 22 (100%) 29 (100%) 1.000

aStatistics presented: median (IQR); n (%)

bStatistical tests performed: Wilcoxon rank-sum test; t-test; chi-squared test of independence:; Fisher's

exact test

¢CS-30, 30-sec chair-stand test; ICU, intensive care unit; ®Pneumonia, Surgical site infection, grade 2 or

higher in the Clavien-Dindo classification.
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tionship between some postoperative outcomes and
CS-30. Given that the association between CS-30 scores
and clinical outcomes may be influenced by confound-
ing factors, further studies are needed to determine the
relation of preoperative CS-30 to clinical outcomes in a
larger sample size. This is another task for the future.

In conclusion, the results of this study suggested
that CS-30 could be used to assess exercise tolerance in
Japanese esophageal cancer patients and that a cutoff
value of 16 may be useful in predicting the risk of post-
operative pneumonia. Further studies are needed to
determine the relation of preoperative CS-30 to postop-
erative clinical outcomes.
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