
Abstract. Background/Aim: Our previous study revealed
the association between extracellular water-to-total body
water ratio (ECW/TBW) and the therapeutic durability of
chemotherapy and/or immune checkpoint inhibitors in
advanced lung cancer. We retrospectively examined the
usefulness of ECW/TBW in detecting frailty compared to
other bioelectrical impedance (BIA) parameters in a larger
number of patients. Patients and Methods: Lung cancer
patients underwent BIA before anti-cancer therapy at our
hospital between June 1, 2018 and July 31, 2020. Results:
Of 99 patients, 26 were assigned to ECW/TBW≥0.4 (higher
group: HG) and 57 to ECW/TBW<0.4 (lower group: LG).
ECW/TBW increased significantly with performance
deterioration and ageing. HG patients had significantly
shorter time-to-treatment failure (TTF) than LG patients. In
patients with performance status 0-1, those in the HG had
shorter TTF than those in the LG. ECW/TBW was the only
independent predictor of TTF according to multivariate
analysis. Conclusion: ECW/TBW is an objective biomarker
for detecting frailty among lung cancer patients.

In Japan, the number of elderly patients with lung cancer
(LC) is increasing (1) and as of 2017, 49.2% of Japanese
patients are diagnosed with LC at the age of ≥75 years (1).
Among cancer patients, particularly the elderly, it is

important to determine whether the patient would be fit,
unfit, vulnerable, or frail for cancer treatment; however, this
is often difficult. 

In a review article (2), Ethun et al. reported that the
concept of frailty is increasingly recognized as one of the
most important issues in healthcare and health outcomes, and
it is of particular importance among cancer patients
undergoing surgery, chemotherapy, and radiotherapy;
nevertheless, as the review article mentioned, detecting
frailty can be challenging.

In our previous study (3), we reported that extracellular
water (ECW)-to-total body water (TBW) ratio (ECW/TBW)
measured by bioelectrical impedance (BIA) was an objective
parameter for predicting therapeutic durability in patients
with LC. Similarly, ECW/TBW is reportedly useful in
evaluating the general condition of patients with liver
cirrhosis (4), renal failure (5), and heart failure (6). 

In this study, we retrospectively examined the usefulness
of ECW/TBW in detecting frailty compared to other BIA
parameters and in a larger number of patients than our
previous study (3).

Patients and Methods

Ethical statements. This retrospective study’s protocol was approved
by the institutional review board of the Osaka Habikino Medical
Center on December 28, 2020 (approval number: 1063). All
research was conducted in accordance with the 1964 Declaration of
Helsinki and its later amendments. The requirement for informed
consent was waived based on the retrospective design and the
anonymization of the data. This study was also performed in
accordance with our centre’s opt-out policy.

Patient selection. We selected 99 LC patients who underwent BIA
before receiving anti-cancer therapy at our institution between June
1, 2018, and July 31, 2020, as follows: 75 patients were included in
our previous study (3) and 24 patients were newly included in this
study. The patients enrolled in the prospective observational study
(UMIN000037451) were excluded from this study.
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BIA testing and parameters. A multi-frequency (MF)-BIA scanner
(InBody770; InBody, Seoul, Korea) was used within 2 weeks prior
to cancer treatment to collect data regarding TBW, ECW,
intracellular water (ICW), protein, mineral, and fat-free mass
(FFM). Segmental resistances were measured using eight surface
electrodes at the thumb, fingers, ball of the foot, and heel, while the
patient kept both arms abducted from the mid-body.
Microprocessor-controlled switches and an impedance analyser
were activated in the sensors to measure segmental resistance at six
frequencies (1 kHz, 5 kHz, 50 kHz, 250 kHz, 500 kHz, and 1,000
kHz). The measurements were performed in two combinations:
resistance in the z-axis at frequencies of 1 kHz, 5 kHz, 50 kHz, 250
kHz, 500 kHz, and 1000 kHz, and reactance in the x-axis at
frequencies of 5 kHz, 50 kHz, and 250 kHz. 

The MF-BIA estimated TBW based on the impedance value
when the electric current flowed through the water in the body. The
phase angle (Ph-A) value was calculated using resistance (R) and
reactance (Xc; measured at 50 kHz) through the following equation:
Ph-A (˚) = arctangent (Xc/R) × (180/π) (7). The ECW and ICW
values were estimated based on the balance between the high-
frequency current travelling through the TBW and the low-
frequency current travelling through the ECW. The ECW/TBW was
calculated based on previously reported principles (8). Protein and
FFM values were calculated based on the estimated ICW and TBW
values, respectively. Mineral and osseous mineral values were
calculated based on the estimated FFM value. The lean body mass
and skeletal muscle mass were calculated based on the FFM and
osseous mineral values, respectively. Muscle volume was calculated
based on the methods described in a previous study (9). 

Body composition parameters. Body mass index (BMI, kg/m2)
values were calculated as weight divided by height squared (kg/m2).
In this study, the BMI was calculated using the BIA scanner device
along with the other parameters, and it was included as a BIA
parameter. The other BIA parameters were defined as the fat-free
mass index (FFMI; kg/m2), the skeletal muscle mass index (SMI;
kg/m2), ECW/TBW, and Ph-A (˚). The FFMI values were calculated
as FFM divided by height squared (kg/m2). 

Clinical and laboratory parameters. Patient clinical records were
reviewed to collect baseline data regarding age, sex, Eastern
Cooperative Oncology Group performance status (ECOG PS
0/1/2/3), histology (adenocarcinoma/squamous cell carcinoma/small
cell lung cancer/others), disease stage (II–III/IV/recurrence),
smoking status (never/former/current), and previous treatments
(0/≥1). Comorbidity in this study was defined as the diseases
required systemic medication or important diseases other than LC. 
Laboratory data were collected, including C-reactive protein (CRP,
mg/dl), albumin (g/dl), and the neutrophil-to-lymphocyte ratio
(NLR), within 7 days before and after the MF-BIA was performed.

Cut-off values for age, laboratory data, and BIA parameters. The
age cut-off value was set at 75 years, which is conventionally
defined as late-elderly. In contrast, the cut-off value for laboratory
data was defined as the median value: high laboratory data was
above the median value or higher. Finally, the cut-off values for the
BIA parameters were as follows: low BMI value as <20.0 kg/m2 for
patients <70 years old or <22.0 kg/m2 for patients >70 years old,
according to the new European Society of Clinical Nutrition and
Metabolism definition (10); low FFMI value as <17 kg/m2 for males

and <15 kg/m2 for females, according to the same definition (10);
low SMI value as <7.0 kg/m2 for males and <5.7 kg/m2 for females,
according to the Asian consensus report (11); fluid overload as an
ECW/TBW value of ≥0.4 (12); and high Ph-A value as being above
the median Ph-A value. 

Clinical outcomes. Time to treatment failure (TTF) was defined as
the time between the start date of cancer treatment to the date of
discontinuation for any reason, including progressive disease,
adverse events, patient’s refusal, and death. Disease progression was
determined by diagnostic imaging, including computed tomography
(CT), magnetic resonance imaging, bone scintigraphy, and positron
emission tomography, according to the Response Evaluation Criteria
in Solid Tumors (RECIST) guidelines version 1.1. The time of
disease progression was considered as the day on which the CT was
conducted. TTF data were last updated on December 14, 2020.

The degree of adverse events after cancer treatment was
indicated using the grade (G) notation of the Common Terminology
Criteria for Adverse Events (CTCAE) version 5.0.

Statistical analyses. Inter-group differences were evaluated using the
Chi-squared test or the Mann–Whitney U-test. The Kaplan–Meier
method and log-rank test were used to compare the TTF curves.
Furthermore, a Cox proportional hazards model was used to evaluate
these outcomes, with the results reported as the hazard ratio (HR) and
95% confidence interval (CI). Differences were considered
statistically significant at p-values of <0.05. All statistical analyses
were performed using R software (version 3.3.2) (13). 

Results
Correlations between ECW/TBW and patient characteristics.
This study included 99 LC patients, and their baseline
characteristics are shown in Table I. Of these, 73 (73.7%)
were assigned into the group of ECW/TBW <0.4 (LG: lower
group) and 26 (26.3%) were assigned into the group of
ECW/TBW ≥0.4 (HG: higher group). Never-smoking status
was significantly more frequently observed in HG (12/26:
46.2%) than LG (16/73: 21.9%) (p=0.018). The frequency
(11/26: 42.3%) of patients with ECOG PS 2-3 in HG was
significantly higher than that in LG (8/73: 11.0%) (p=0.001).
Aside from smoking status and ECOG PS, there were no
significant differences between the two groups in terms of
the other patient characteristics.

Correlations between ECW/TBW and other BIA parameters
or laboratory data. As shown in Table II, the frequency of
low BMI (20/26: 76.9% and 20/26: 76.9%) and low SMI
(31/73: 42.5% and 36/73: 49.3%) in HG were significantly
higher than those in LG (p=0.005 and p=0.027,
respectively). The frequency of median PH-A 4.3˚ or lower
in HG (25/26: 96.2%) was significantly higher than that
(28/73: 38.4%) in LG (p<0.001).

Moreover, the frequency with albumin <4.0 (17/22: 77.3%)
in HG was significantly higher than that (26/67: 38.8%) in LG
(p=0.004). However, serum albumin levels were not examined
in 10 patients, including 6 in LG and 4 in HG.
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Correlation between PS and BIA parameters. As shown in
Figure 1, the ECW/TBW in patients with PS 0 [median
(range): 0.389 (0.374-0.405)] was significantly lower than that
in patients with PS 1 and PS 2-3 [0.394 (0.376-0.413) and
0.401 (0.387-0.413); (p=0.006 and p=0.001), respectively].
Moreover, the ECW/TBW in patients with PS 1 was
significantly lower than that in patients with PS 2-3 (p=0.014).
On the other hand, the Ph-A in patients with PS 0 [5.0 (3.4-
6.4)] was significantly higher than that in patients with PS 1
and PS 2-3 [4.2 (2.7-6.3) and 3.8 (2.4-5.0); (p=0.002 and
p<0.001), respectively]. The Ph-A in patients with PS 1 was
also significantly higher than that in patients with PS 2-3
(p=0.049). Finally, the BMI in patients with PS 0 [21.6 (16.0-

28.6)] was significantly higher than that in patients with PS 2-
3 [20.1 (15.0-26.9)] (p=0.034). However, there was no
significant correlation between PS and SMI or FFMI.

Correlation between age and BIA parameters. As shown in
Figure 2, the ECW/TBW in patients <75 years old [median
(range): 0.392 (0.374-0.416)] was significantly lower than that
in patients ≥75 years old [0.397 (0.381-0.418)] (p=0.027).
Nevertheless, there was no significant correlation between age
and the other BIA parameters aside from ECW/TBW.

Reasons for treatment failure. Of the 99 patients in this
study, 12 continued the regimen, 10 completed the treatment,
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Table I. Patient characteristics.

                                                                                All patients                         Extracellular water-to-total body water ratio                              

                                                                                                                              <0.4 (73.7%)                           ≥0.4 (26.3%)                              

                                                                                     N=99                                      N=73                                       N=26                             p-Value

Clinical characteristics                                                                                                                                                                                              
Gender
   Male                                                                            66                                            51                                             15                                  0.258
   Female                                                                         33                                            22                                             11                                       
Age (years old)                                                                                                                                                                                                          
   <75                                                                              54                                            44                                             10                                  0.055
   ≥75                                                                              45                                            29                                             16                                       
Smoking status 
   Ever (Current/former)                                          71 (24/47)                              57 (19/38)                                  14 (5/9)                              0.018
   Never                                                                           28                                            16                                             12                                       
ECOG Performance status 
   0-1 (0/1)                                                                80 (19/61)                              65 (17/48)                                 15 (2/13)                             0.001
   2-3 (2/3)                                                                 19 (18/1)                                   8 (8/0)                                    11 (10/1)                                  
Histology
   Non-small cell carcinoma                                          86                                            62                                             24                                  0.565
   Small cell carcinoma                                                 13                                            11                                              2                                        
Stage
   II-III                                                                             22                                            15                                              7                                    0.692
   Stage IV/Recurrence                                            77 (46/31)                              58 (31/27)                                 19 (15/4)                                 
Driver mutation
   Yes                                                                               20                                            13                                              7                                    0.440
   No                                                                                73                                            56                                             17                                       
   Not examined                                                               6                                              4                                               2                                        
Comorbidity
   0                                                                                   38                                            31                                              7                                    0.244
   ≥1                                                                                61                                            42                                             19                                       
Previous treatment line
   0                                                                                   63                                            47                                             16                                  0.796
   >1                                                                                36                                            26                                             10                                       
Regimens
   Cytotoxic chemotherapy                                            51                                            34                                             17                                  0.156
   ICI monotherapy                                                         20                                            17                                              3                                        
   ICI+ Cytotoxic chemotherapy                                    6                                              6                                               0                                        
   Chemoradiation therapy                                              9                                              8                                               1                                        
   Targeted therapy                                                         13                                             8                                               5                                        

ECOG: Eastern Cooperative Oncology Group; ICI: immune checkpoint inhibitors. 



and 77 discontinued the treatment due to the following
reasons: disease progression, 50; adverse events, 22;
symptom worsening, 4; and self-interruption of treatment, 1.
The details of the adverse events were as follows: 10 patients
with interstitial pneumonitis G 1/2/3/4, 3/1/5/1; 2 with renal
dysfunction G 1/2, 1/1; 2 with anaphylaxis G3, 2; each one
patient with G3 oedema, G3 respiratory failure, G2 immune-
related colitis, G3 lung aspergillosis, G3 eruption, G2
whitlow, G3 bacterial pneumonia, and G3 immune-related
myositis.

Correlation between TTF and patient characteristics or BIA
parameters. As shown in Table III, the univariate analyses
revealed that sex, ECOG PS, driver mutation, previous
treatment line, ECW/TBW, and serum albumin were
significantly correlated with TTF (p=0.043, 0.027, 0.019,
0.037, 0.027, and 0.007, respectively). However, serum
albumin and driver mutation were excluded from the
multivariate analyses due to missing data. The results of the
multivariate analyses are shown in Table III. They revealed
that the only independent predictor of TTF was the
ECW/TBW (HR=1.8, 95%CI=1.03-3.14, p=0.045).

As shown in Figure 3A, the patients in HG had
significantly shorter median TTF (days) than those in LG
(140 vs. 94, HR=1.74, 95%CI=1.06-2.83; p=0.027).
Furthermore, as shown in Figure 3B, even in patients with
PS 0-1, those in HG tended to have shorter median TTF
(days) compared to those in LG (146 vs. 63, HR=1.64,
95%CI=0.887-3.030; p=0.111).

Discussion

This study showed that among the BIA parameters,
ECW/TBW was the most strongly correlated with worsening
PS and ageing in LC patients. Furthermore, this study
reconfirmed that patients in HG had significantly shorter
TTF than those in LG, similar to the previous study (3).
Even in patients with PS 0-1, those in HG tended to have
shorter TTF. Although various tools for detecting frail
populations among cancer patients are being examined, there
is no standard tool yet (14). Therefore, ECW/TBW can be
an objective biomarker for detecting potentially frail patients.

Morley et al. (15) reported an expert’s consensus that frailty
is a clinical syndrome characterised by increased vulnerability
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Table II. Correlations between ECW/TBW and other BIA parameters or laboratory data.

                                                                                All patients                                                    ECW/TBW                                                         

                                                                                                                              <0.4 (73.7%)                           ≥0.4 (26.3%)                              

                                                                                     N=99                                      N=73                                       N=26                              p-Value

Bioelectrical impedance                                                                                                                                                                                         
Body mass index (kg/m2)
   Low                                                                             51                                            31                                             20                                  0.005
   Not low                                                                       48                                            42                                               6                                    
Skelton muscle mass index (kg/m2)
   Low                                                                             56                                            36                                             20                                  0.027
   Not low                                                                       43                                            37                                               6                                    
Fat-free mass index (kg/m2)
   Low                                                                             65                                            44                                             21                                  0.099
   Not low                                                                       34                                            29                                               5                                    
Phase angle (º)
   ≤4.3                                                                             53                                            28                                             25                                <0.001
   >4.3                                                                             46                                            45                                               1                                    
Laboratory findings                                                                                                                                                                                                
C-reactive protein (mg/dl)
   <0.3                                                                             48                                            38                                             10                                  0.234
   ≥0.3                                                                             51                                            35                                             16                                    
Albumin (g/dl)
   <4.0                                                                             43                                            26                                             17                                  0.004
   ≥4.0                                                                             46                                            41                                               5                                    
   Not examined                                                              10                                             6                                                4                                    
Ratio of neutrophil to lymphocyte
   <3.1                                                                             49                                            40                                               9                                  0.124
   ≥3.1                                                                             50                                            33                                             17                                       

ECW/TBW: Extracellular water-to-total body water ratio.



and diminished resistance to stressors that can cause functional
impairment and increase risks. BIA is a simple and non-invasive
tool that can be used to assess frailty, including sarcopenia (11,
16), malnutrition, and cancer cachexia (17, 18). A recent review
(19) reported that BIA is an accurate method for detecting
sarcopenia in adults with cancer prior to treatment and is a
viable alternative to CT, dual-energy X-ray absorptiometry, and
magnetic resonance imaging in oncology clinical practice. In
the review, all articles defined sarcopenia using SMI or FFMI,
as measured by BIA. However, the present study suggested that
the important parameters in BIA would not be SMI or FFMI,
which are secondarily calculated based on electric current,
resistance, and reactance, but rather ECW/TBW, which is
directly calculated. Several reports (20, 21) have also indicated
that FFM measured by BIA would not be appropriate
parameters for detecting the frail population among cancer
patients, which might be related to the effect of body fluid
retention on muscle mass estimation via altered impedance.
Furthermore, this study indicated that ECW/TBW would more

accurately detect the frail population among LC patients with
potentially poor PS and/or ageing than Ph-A, directly calculated
based on electric current, resistance, and reactance. 

Nevertheless, the present study has several limitations
that must be considered. First, this study had a retrospective
single-centre design. Second, this study had inconsistencies
in stage and histology, and the various treatment lines and
regimens could introduce a risk of bias. Third, as a study of
highly heterogeneous populations, the relatively small
sample size may also be a source of bias. Finally, most
patients included in this study did not perform cardiac
function tests, such as echocardiography, although they may
be overhydrated. In conclusion, ECW/TBW would be an
objective biomarker for detecting frailty among lung cancer
patients.
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Figure 1. Relationships between the bioelectrical impedance parameters and performance status. The extracellular water-to-total body water ratio
(ECW/TBW) increased with performance status (PS) (**0 vs. 1: p=0.006; *1 vs. 2: p=0.014; ***0 vs. 2-3: p=0.001). Phase angle (Ph-A) decreased
with increasing PS values (++0 vs. 1: p=0.002; +1 vs. 2-3: p=0.049; +++0 vs. 2-3: p<0.001). Body mass index decreased with increasing PS values
(†0 vs. 2-3: p=0.034). The other bioelectrical impedance analysis (BIA) parameters were not correlated with PS. 
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Figure 3. Kaplan–Meier plot of the time-to-treatment failure according to the extracellular water-to-total body water ratio. A: Patients in HG had
significantly shorter median TTF (days) than those in LG (140 vs. 94, HR=1.74, 95%CI=1.06-2.83; p=0.027). B: Patients with PS 0-1 in HG tended
to have shorter median TTF (days) than those in LG (146 vs. 63, HR=1.64, 95%CI=0.887-3.030; p=0.111). CI: Confidence interval; HG: higher group
(ECW/TBW ≥0.4); HR: hazard ratio; LG: lower group (ECW/TBW <0.4); NA: not available; PS: performance status; TTF: time-to-treatment failure.

Figure 2. Relationships between the bioelectrical impedance parameters and age. The ECW/TBW were significantly elevated in older patients (≥75
years, *p=0.027). The other BIA parameters were not correlated with age.
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