
Abstract. Background: Unfavorable changes in body
composition are frequent among patients with head and  neck
cancer (HNC). Unfortunately, in daily clinical practice, there
is a lack of reliable diagnostic tools for predicting changes in
body composition in individuals following radiotherapy (RT).
Among non-invasive tools, bioelectrical impedance analysis
(BIA) seems to be most promising. One BIA parameter, the
phase angle (PA), reflects condition of various body cells and
their mass in detail. Materials and Methods: Using BIA, the
body composition was measured prior to and after RT in 52
male patients with HNC. PA derived from BIA prior to RT was
tested as a predictor of body composition changes developing
during RT. Results: Patients with low PA had a greater than
9.3-fold higher chance of body mass index (BMI) reduction
below 18.5 kg/m2 and over 5.9-fold and 4.2-fold higher
chance of lean mass and fat mass reduction after therapy end
compared with patients with a high PA value. PA values
demonstrated significant diagnostic accuracy for detection of
fat-free mass, lean mass and BMI reduction in the study group
[area under the curve (AUC)=0.781, 0.774 and 0.786,
respectively]. Conclusion: PA prior to RT is a useful marker
for selection of individuals with HNC who are at a high risk
of unfavorable changes in body composition. 

In addition to surgical intervention, the majority of patients
with head and neck cancer (HNC) undergo radiotherapy (RT)
to improve treatment outcomes. Despite a significant number
of patients benefiting from RT due to noticeable reduction of
tumor mass and an increase in the survival time,
unfortunately, side-effects of applied therapy are frequently
reported (1, 2). In patients with HNC, side-effects including
oral mucositis, xerostomia and loss of appetite are the most
serious events, and lead to reduction of energy intake and
eventually to critical nutritional problems, such as loss of
body weight and serious changes in body composition.
Unfortunately, the nutritional deficits in addition to the side-
effects of RT have a negative impact on patient quality of
life, therapy outcomes and overall survival (3-6). Most
patients with HNC undergoe RT develop malnutrition, which
in predisposed individuals can lead to cachexia. It is
generally believed that reduction of both body mass and
body mass index (BMI) can predict malnutrition and
cachexia (7, 8). Taking into consideration recent findings,
both malnutrition and cachexia are now known to be more
complex than previously supposed. In selected individuals
with cancer, although the results of anthropometric
measurements are usually normal, they are actually either
malnourished or cachectic. Malnutrition and cachexia can
indeed be masked by the parallel loss of body weight or BMI
reduction and water retention or change in the ratio between
the muscle and the fat tissue in a large number of patients
with cancer. Assessment of body composition can only
reveal nutritional deficits. Detailed body composition data
reliably reflect changes in a patient’s metabolism, which is
altered by increased muscle proteolysis and lipolysis of fat
tissue. As an effect of these metabolic changes, nutritional
deficit is demonstrated by the reduction of the mass of
various body tissues. This emphasizes the complexity of
syndromes related to malnutrition (6, 9, 10). Based on the
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above, assessment of body composition, instead of BMI and
loss of body weight, should be a better objective tool for the
evaluation of nutritional deficits.

Due to its reliability, bioelectrical impedance analysis
(BIA) seems to be the most precise among the tools available
for evaluating both nutritional status and body composition
of patients with cancer. This method is already used in
patients suffering from kidney diseases, lung disorders, AIDS
and heart failure to assess their nutritional status (11, 12).
The utility of BIA has been proven in the assessment of body
composition of patients with cancer. Interestingly, the first
signs of malnutrition detected by BIA may precede
development of cachexia by several months. In patients with
HNC, parameters derived from BIA are used for evaluation
of nutritional status and objectively reflect the condition of
different body tissues, especially fat and lean mass (13).
Among parameters derived from BIA, the phase angle (PA)
is considered the most promising factor referring to the entire
body condition. Recent literature reports have demonstrated
its utility in the assessment of body composition in various
types of human cancer, emphasizing its predictive and
prognostic value (14-17). The majority of studies have
investigated PA as a parameter for distinguishing
malnourished patients from cachectic or to well-nourished
ones. However, there is a lack of data concerning the role of
PA for the prediction of changes in body composition
developing as a result of irradiation. Nowadays, selection of
individuals at a high risk of malnutrition due to RT is usually
made based on clinical factors and anthropometry. 

In the present study, we demonstrate a novel approach to
PA analysis using its value as a potential predictive marker
of RT-induced changes in body composition of HNC
individuals. The assessment of PA before the application of
the RT can serve as an objective factor allowing patients at
the highest risk of unfavorable body composition changes
due to irradiation to identified. Appropriate identification of
predisposed patients might enable early nutritional
intervention for prevention of malnutrition and cachexia.

Materials and Methods
Patients and clinical data. The research project was approved by
the Bioethical Commission of the Medical University of Lublin
(approval no.: KE-0254/232/2014). Prior to the study, all patients
signed informed consent forms. The study protocol was followed at
the Department of Oncology of the Medical University of Lublin
(in the time period 2014-2015).

Fifty-two male patients with HNC in stages I-IV [according to
the seventh edition of the TNM staging (18)] of the disease were
enrolled in this study. The following inclusion criteria were used: i)
Male patients≥18 years old; ii) presence of primary tumor in the
head and neck area; iii) patients who underwent complete RT
regimen (7 cycles); iv) Eastern Cooperative Oncology Group –
World Health Organization (ECOG-WHO) performance status ≤1;
v) absence of anemia and kidney, heart or kidney diseases. The

exclusion criteria were as follows: i) Patients with incomplete
treatment regimen (<7 cycles of RT); ii) patients with limb
amputation or prosthesis; iii) presence of metal implants,
cardioverter or pacemaker; iv) immobilized patients or patients
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Table I. Characteristics of the study group.

Factor                                                                                      Study group 

Gender                                        Male                                      52
Age                                             Median (range), years         63 (42-81)
                                                   >63 Years, n (%)                 25 (48.1%)
                                                   ≤63 Years, n (%)                 27 (51.9%)
Histopathological                      Squamous cell carcinoma    48 (92.3%)
diagnosis, n (%)                       Other                                      4 (7.7%)

Tumor location, n (%)               Oropharynx                         15 (28.8%)
                                                   Hypopharynx                      37 (71.2%)
T-Stage, n (%)                           T1                                          2 (3.9%)
                                                   T2                                          9 (17.3%)
                                                   T3                                        13 (25%)
                                                   T4                                        28 (53.8%)
N-Stage, n (%)                           N0                                        16 (30.8%)
                                                   N1                                          6 (11.5%)
                                                   N2                                        26 (50%)
                                                   N3                                          4 (7.7%)
M-Stage, n (%)                          Mx                                         2 (3.9%)
                                                   M0                                       49 (94.2%)
                                                   M1                                         1 (1.9%)
Disease stage, n (%)                  I                                              2 (3.9%)
                                                   III                                         10 (19.2%)
                                                   IVA                                      35 (67.3%)
                                                   IVB                                        1 (1.9%)
                                                   IVC                                        4 (7.7%)
Type of treatment, n (%)           Surgery+RT                         29 (55.8%)
                                                   Surgery+CRT                      14 (26.9%)
                                                   RT alone                                9 (17.3%)
Performance status, n (%)         1                                           52 (100%)
Alcohol consumption, n (%)    Yes                                       22 (42.3%)
                                                   No                                        30 (57.7%)
Smoking status, n (%)               Smoker                                42 (80.8%)
                                                   Non-smoker                         10 (19.2%)
                                                   Current smoker                   35 (83.3%)
                                                   Former smoker                      7 (16.7%)
Parenteral nutrition, n (%)        Yes                                         7 (13.5%)
                                                   No                                        45 (86.5%)
Weight, kg                                  Mean±SD                             67.13±11.79
BMI, kg/m2                                Mean±SD                             23.71±4.54
SGA, n (%)                                A                                            5 (9.6%)
                                                   B                                          31 (59.6%)
                                                   C                                          16 (30.8%)
NRS, n (%)                                2                                           29 (55.8%)
                                                   3                                           15 (28.8%)
                                                   4                                             8 (15.4%)
Total protein, g/l                        Mean±SD                               6.71±0.53
Albumin, g/l                               Mean±SD                               3.34±0.26
Pre-albumin, g/dl                       Mean±SD                               0.20±0.08
Transferrin, g/l                           Mean±SD                               2.60±0.57

BMI: Body mass index; NRS: nutritional risk screening; RT:
radiotherapy; CRT: chemoradiotherapy; SGA: subjective global
assessment.



unable to lay still or supine. Baseline characteristics of patients are
presented in Table I. 

For evaluation of the stage of disease, the seventh edition of
TNM classification was used (18). All patients were irradiated with
the use of the intensity-modulated radiotherapy technique (daily
dose of 2 Gy; total dose: 66-70 Gy). Detailed data were collected
from all patients including demographic (age), tumor-related
(histological type, location TNM, stage), clinical (performance
status, type of treatment), nutritional evaluation [body weight, BMI,
Subjective Global Assessment (SGA), Nutritional Risk Score
(NRS), total protein, albumin, pre-albumin and transferrin] and

other (smoking status and alcohol consumption). SGA and NRS
were evaluated by a medical doctor before commencement of RT
(based on the physical examination and the features of medical
record). According to nutritional status, patients were divided into
three groups: SGA-A (well-nourished), SGA-B (moderately
malnourished) and SGA-C (severely malnourished).

BIA measurements. BIA measurement was performed before and
after the commencement of RT. ImpediMed bioimpedance analysis
SFB7 BioImp v1.55 equipment was used for BIA (Pinkenba, QLD,
Australia). All measurements were performed while the patients
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Table II. Differences in body composition and nutritional features between patients according to phase angle (PA). Data are the mean±SD.

Factor                                                                                                                                    PA                                                                Between-group 
                                                                                                                                                                                                                         p-Value
                                              Time point                                                  High                                           Low                                                    

Weight, kg                            Before RT                                               68±10.42                                   67±13.15                                           0.205
                                              After RT                                                   65±8.71                                     58±9.75                                            0.016
p-Value                                                                                                     0.033                                        <0.001                                                  
BMI, kg/m2                          Before RT                                              25.04±3.88                                22.87±4.41                                          0.041
                                              After RT                                               23.49±3.30                                18.70±3.36                                          0.005
p-Value                                                                                                     0.136                                        <0.001                                                  
FM, kg                                  Before RT                                              22.44±7.32                                18.54±8.21                                          0.942
                                              After RT                                               20.72±7.38                                16.05±5.76                                          0.088
p-Value                                                                                                     0.855                                         0.001                                                   
FM, %                                  Before RT                                              29.52±8.34                                29.94±8.01                                          0.243
                                              After RT                                               28.66±8.08                                25.41±5.90                                          0.318
p-Value                                                                                                     0.465                                         0.011                                                   
FFM, kg                                Before RT                                              48.44±5.52                                46.05±9.08                                          0.342
                                              After RT                                               46.96±6.05                                40.92±7.54                                          0.047
p-Value                                                                                                     0.071                                         0.143                                                   
FFM, %                                Before RT                                              70.62±8.39                                69.95±8.80                                          0.263
                                              After RT                                               71.14±8.10                                74.77±5.95                                          0.307
p-Value                                                                                                     0.447                                         0.040                                                   
Lean mass, kg                      Before RT                                              50.06±6.41                                40.10±9.42                                           0.08
                                              After RT                                               44.44±5.51                                41.23±6.76                                          0.041
p-Value                                                                                                     0.010                                         0.294                                                   
FFMI, kg/m2                        Before RT                                              17.33±2.36                                14.53±2.90                                          0.007
                                              After RT                                               15.28±2.14                                14.17±2.02                                          0.007
p-Value                                                                                                     0.012                                         0.261                                                   
TP, g/l                                  Before RT                                               6.71±0.59                                  6.70±0.49                                           0.734
                                              After RT                                                6.42±0.70                                  6.42±0.59                                           0.755
p-Value                                                                                                     0.082                                         0.610                                                   
Albumin, g/l                        Before RT                                               3.36±0.26                                  3.30±0.19                                           0.654
                                              After RT                                                3.14±0.51                                  3.31±0.43                                           0.121
p-Value                                                                                                                                                       0.125                                               0.523
Transferrin, g/l                     Before RT                                               2.60±0.61                                  2.60±0.58                                           0.341
Pre-albumin, g/dl                 Before RT                                               0.20±0.08                                  0.20±0.10                                           0.114
SGA, n (%)                          A                                                              1 (20%)                                     4 (80%)                                            0.184
                                              B+C                                                       26 (55.3%)                                21 (44.7%)                                              
                                              A+B                                                        18 (50%)                                   18 (50%)                                           0.768
                                              C                                                             9 (56.3%)                                  7 (43.7%)                                               
NRS, n (%)                           2                                                             13 (44.8%)                                16 (55.2%)                                          0.278
                                              3 and 4                                                  14 (60.9%)                                 9 (39.1%)                                               
                                              2 and 3                                                  26 (59.1%)                                18 (40.9%)                                          0.022
                                              4                                                              1 (12.5%)                                  7 (87.5%)

SGA and NRS were assessed prior to RT. BMI: Body mass index; FM: fat mass; FFM: fat-free mass; FFMI: fat-free mass index; NRS: nutritional
risk screening; SGA: subjective global assessment; TP: total protein; RT: radiotherapy.



were lying supine on a bed (arms not touching the torso and legs
apart) with use of standard electrodes (tetra-polar). Electrodes were
attached to the hand and foot on the right side of the patient. For
each study participant, the conditions of BIA were similar. All BIA
measurements were collected at the same time of day (morning)
and on an empty stomach, and the intake of food and beverages
(including alcohol consumption) was prohibited for 12 hours before
the measurements. Secondly, prior to the BIA measurements,
patients lay on the bed for at least 5 minutes allowing
compensation of the fluid level in the body. Resistance (R) and
reactance (Xc) values were measured (at 50 kHz) three times, and
mean values for each patient were calculated. The value of PA was
automatically obtained from the equipment (based on the arc-
tangent ratio Xc: R and transformation of radians to degrees –
previous result multiplied by 180˚/π). The following parameters
concerning body composition were derived from BIA: BMI, fat
mass (FM), fat-free mass (FFM) and lean mass. Fat-free mass
index (FFMI) was calculated using the following mathematical
formula: FFMI(kg/m2)=FFM(kg)/[height (m)]2.

Statistical analysis. Collected data were analyzed with use of
MedCalc software (v15.8; MedCalc, Ostend, Belgium). Student’s t-
test (parametric) was used for comparisons of continuous variables
(weight, BMI, BIA and biochemical parameters). Continuous data
comparisons were performed depending on categorized or
dichotomized variables (PA: high/low; RT status: before/after).
Univariate and multivariate logistic regression models with odds ratio
(OR) calculation were used for evaluation of clinicodemographic and
nutritional factors in the risk of reduction of BMI, FM, FFM, lean
mass and FFMI. Receiver operating characteristic curve (ROC)
analysis with area under the curve (AUC) calculation was used for
evaluation of diagnostic accuracy of PA for detecting changes in body
composition parameters. Results with p<0.05 were considered as
statistically significant.

Results
According to PA value (mean: 4.61±0.69˚) patients were
divided into following two groups – group with high PA (PA
values over the mean score) and group with low PA (PA
values below the mean score) level. In 27 (51.9% of the
study group) patients with HNC, we found high PA (group
mean: 4.98±0.37˚), whereas in 25 cases (48.1% of patients),
a low PA was noted (group mean: 4.36±0.58˚). PA values did
not depend on clinicodemographic characteristics of the
studied patients (all p>0.05).

Firstly, we compared both body composition parameters
and nutritional features between patients qualified of two
study groups according to PA value. Male patients with HNC
with low PA demonstrated worse nutritional characteristics
compared with patients with a high PA, and the most
significant differences were observed after the
commencement of RT. At that time, in contrast to those with
high PA, patients with low PA had significantly lower body
weight (58±9.75 vs. 65±8.71 kg; p=0.016), BMI (18.70±3.36
vs. 23.49±3.30 kg/m2; p=0.005), FFM (40.92±7.54 vs.
46.96±6.05 kg; p=0.047), lean mass (41.23±6.76 vs.
44.44±5.51 kg; p=0.041) and FFMI (14.17±2.02 vs.
15.28±2.14 kg/m2; p=0.007). Moreover, notable differences
concerning BMI (22.87±4.41 vs. 25.04±3.88; p=0.041) and
FFMI (14.53±2.90 vs. 17.33±2.36kg/m2; p=0.007) between
the study groups were recorded before the commencement
of RT. We also observed that patients with low PA more
often had a higher malnutrition according to NRS scale
compared with those with high PA (p=0.022) (Table II).
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Table III. Factors significantly affecting the risk of unfavorable body composition characteristics in the study group.

                                                                                                               Univariate analysis                                                    Multivariate analysis

                                                Factor                                         OR (95% CI)                        p-Value                        OR (95% CI)                     p-Value

BMI<24.9 kg/m2                    Low PA                                   3.57 (0.95-13.46)                      0.032                       4.76 (0.91-21.71)                    0.040
BMI<18.5 kg/m2                    Low PA                                   7.73 (1.68-35.47)                      0.009                       9.30 (1.94-105.44)                  0.010
FFMI<14.9 kg/m2                  NRS >3                                   0.43 (0.12-1.48)                         0.179                     16.47 (0.68-304.6)                    0.045
                                                Disease stage IV                    3.06 (0.68-13.74)                      0.129                     10.79 (0.93-125.6)                    0.047
Lean mass <44.2 kg               Low PA                                   3.51 (1.08-11.39)                       0.037                       5.87 (0.94-36.80)                    0.039
                                                High TNFα                             3.47 (1.11-11.67)                       0.032                       3.78 (1.20-12.73)                    0.028
                                                SGA B or C                            3.62 (0.81-5.56)                         0.438                     27.6 (0.98-766.7)                      0.041
FFM <44.7 kg                        Low PA                                   1.56 (0.46-5.22)                         0.047                       2.09 (0.76-7.11)                      0.127
                                                Age >63 years                        2.37 (0.87-6.48)                         0.148                       6.78 (0.82-55.9)                      0.045
                                                Smoking: Yes                        11.20 (1.25-100.3)                      0.031                     18.0 (1.21-267.0)                      0.036
FM <16 kg                             Low PA                                   0.89 (0.27-2.97)                         0.853                     21.2 (1.17-383.8)                      0.039
                                                Smoking: Yes                          3.45 (1.60-19.38)                      0.153                       4.15 (1.00-17.13)                    0.040
                                                Late toxicity                           7.23 (2.56-42.87)                      0.089                       5.13 (0.92-28.64)                    0.042
Weight loss >5%                    NRS>3                                    5.70 (1.45-22.35)                      0.008                     19.43 (1.57-241.1)                    0.021
                                                Smoking: Yes                          0.11 (0.01-0.99)                         0.049                       0.47 (0.09-1.34)                      0.324

BMI: Body mass index; CI: confidence intervaI; FM: fat mass; FFM: fat-free mass; LM: lean mass; FFMI: fat-free mass index; NRS: nutritional
risk screening; PA: phase angle; OR: odds ratio; SGA: subjective global assessment; TNFα: tumor necrosis factor α.



Secondly, in both studied groups we compared changes in
body composition developing during the therapy period
(before vs. after RT). For patients with high PA, a decrease
in body composition measurements was observed especially
for body weight (reduction from 68 to 65 kg; p=0.033), lean
mass (reduction from 50.06 to 44.44 kg; p=0.010) and FFMI
(reduction from 17.33 to 15.28kg/m2, p=0.012). However,
the most unfavorable changes in body composition
developed in patients with low PA. In those patients,
reduction of body weight was more substantial in contrast to
patients with high PA (9 vs. 3 kg). Moreover, we noted a
significant decrease in BMI, FM (kg), FM (%) and FFM (%)
(p<0.001, 0.001, 0.011 and 0.040, respectively) in those with
low PA (Table II).

The subsequent goal of the study was to assess the impact of
PA on the risk of changes in body composition developing in
male patients with HNC during the RT period. The impact of
the PA value on both body composition and nutritional
parameters is presented in Table III using cut-offs for FM, FFM,
lean mass and FFMI based on their mean values. Both
univariate and multivariate analyses showed a low value of PA
to be a factor negative affecting BMI, lean mass and FM. In the
univariate analysis, the following ORs were achieved: 3.57 for
BMI <24.5 kg/m2, 7.73 for BMI <18.5 kg/m2, and 3.51 for lean
mass<44.2 kg, respectively. Introducing all clinical features into
the multivariate analysis, we found that individuals with low PA
had over 4-fold and 9-fold higher risk of BMI reduction below
24.5 kg/m2 and 18.5 kg/m2, respectively. A low PA was also
found to be a factor unfavorably affecting the risk of reduction
of lean mass (OR=5.87) and FM (OR=4.15).

Finally, using the ROC analysis, we investigated the
diagnostic accuracy of PA for detecting changes in body
composition developing as a result of RT. In Table IV, we
summarize the diagnostic accuracy of PA, including test
sensitivity, specificity, AUC score and cut-off point for
detecting changes in particular body composition parameters.

PA demonstrated significant diagnostic accuracy for
detection of FM reduction below 16 kg (sensitivity of 60%
and specificity of 84.6%; AUC=0.781), lean mass reduction

below 44.2 kg (60% sensitivity and 95.7% specificity;
AUC=0.774) and BMI reduction below 18.5kg/m2 (sensitivity
of 74% and specificity of 60%; AUC=0.786) (Figure 1).

Discussion

Changes in body composition developing in patients with
HNC undergoing RT have both significant and negative
impact on the patient’s condition, including nutritional status,
quality of life, treatment outcomes and overall survival.
Several methods, such as computed tomography, bone
densitometry dual-energy x-ray absorptiometry (DEXA) and
BIA have been applied for the assessment of body
composition. Among these methods, BIA seems to be most
useful because it can be applied in an out-patient setting at the
bed, the examination is short, and the devices are portable and
cheaper in contrast to advanced imaging methods. The utility
of BIA for the evaluation of body composition was proven in
several studies, including the recent study of Tang et al.,
which enrolled patients with different types of cancer. They
noted the reduction of BMI in all study participants after the
commencement of RT. Moreover, in those with HNC, the
progressive reduction of muscle mass was observed after the
fourth week of RT, and was most significant after therapy end
(reduction from 46.88 kg to 40.86 kg). For all body
measurements, BIA was used and allowed highlighting of
patients at a risk of malnutrition (19). 

Currently, only few BIA parameters have been evaluated
widely in patients with cancer, of which PA was studied the
most frequently. PA provides detailed characteristics of the cell
state and the overall condition of a patient’s body, and therefore
it is considered an objective parameter reliably reflecting the
nutritional condition of the examined patient. The utility of PA
as a tool for the assessment of the nutritional status of patients
with cancer has been confirmed in many studies that enrolled
patients suffering from various tumor types (14, 15, 17, 20).
Based on the results achieved from the studies on patients with
HNC, a low value of PA is currently considered an unfavorable
factor affecting a patient’s nutritional status and survival. This
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Table IV. Diagnostic accuracy of phase angle (PA) for the detection of body composition changes in male patients after radiotherapy.

                                   FM <16 kg      FFM <44.7 kg     FFMI <14.9 kg/m2    LM <44.2 kg                       Weight loss                        BMI <18.5 kg/m2

                                                                                                                                                                  >5%                     >10%                           

Sensitivity (%)                  60                      52.6                          64.1                         60                         60.9                         50                            74
Specificity (%)                84.6                     82.9                          73.1                        95.7                         70                         77.8                          60
AUC                               0.781                   0.632                        0.673                      0.774                     0.585                     0.537                       0.786
PA cut-off                        4.42˚                   4.42˚                        4.68˚                      4.42˚                      4.58˚                      4.44˚                       4.58˚
p-Value                          <0.001                 0.146                        0.231                     <0.001                    0.352                     0.713                       0.002

AUC: Area under the curve; BMI: body mass index; FM: fat mass; FFM: fat-free mass; FFMI: fat-free mass index; LM: lean mass.



phenomenon was also confirmed by the results of our study.
Patients with HNC with a low PA had significantly worse
characteristics of parameters referring to body composition
after the commencement of RT compared with patients with
high PA. In the study of Paixão et al., a positive correlation
was found between PA and BMI, as well as body weight in
patients with cancer [r=0.273 (p=0.032) and r=0.413
(p=0.022), respectively] (21). Similar results were noted by
Lundberg et al., PA positively correlated with BMI (r=0.562,
p<0.01), FFMI (r=0.467, p<0.01) and fat mass index (r=0.411,
p<0.01) (22). Our results are in accordance with these studies.
We also found a positive correlation between PA and BMI
(r=0.562, p=0.002). Moreover, PA correlated with lean mass,
FFMI and FFM measured after the end of RT [r=0.295
(p=0.045), r=0.372 (p=0.014), and r=0.352 (p=0.020),
respectively]. The study of Małecka-Massalska et al.
demonstrated that well-nourished patients with HNC had a
significantly higher PA (mean: 5.25˚) compared with
malnourished (mean: 4.73˚) ones. A PA cut-off of 4.73˚ had
80% sensitivity and 56.7% specificity for the detection of
malnutrition diagnosed by SGA in those patients (23). On the
other hand, Stegel et al. observed that low PA increased the
risk of malnutrition and cachexia in patients with HNC treated
with RT (OR=1.71; p=0.018). However, PA failed to show any
predictive value for cachexia (AUC=0.578, p>0.05) (24). We
noted a similar tendency in our study, PA failed to predict
malnutrition defined by loss of 5% body mass (AUC=0.585,
p=0.352). Despite that, in our study set, PA demonstrated a
significant diagnostic accuracy for the detection of reduction
of FM, lean mass and BMI in the study group after therapy end
(AUC=0.781, 0.774 and 0.786, respectively). 

Currently, there is a lack of studies that have investigated
the predictive value of PA as a factor for identifying patients
at risk of unfavorable changes in body composition due to
irradiation. Firstly, we found that patients with low PA prior

to RT had a significantly worse BMI and FM after the
commencement of RT in contrast to those with high PA.
Moreover, patients with a low PA had over 9.3-fold higher
risk of BMI reduction below 18.5 kg/m2 and over 5.9-fold
and 4.2-fold higher risk of lean mass and FM reduction after
therapy end compared with patients with high PA. 

Conclusion

PA derived from BIA seems to be a useful predictive marker
for selection of individuals the HNC at high risk of
development of unfavorable RT-induced changes in body
composition. Patients with low PA prior to RT are more
susceptible to significant weight loss, BMI, FM and FFM
reduction during the RT period. Moreover, patients with low
PA have a significantly higher risk of muscle mass reduction
(lean mass) after RT in contrast to those with high PA values.
PA also serves as a potential diagnostic tool for the detection
of reduction of BMI, lean mass and FM in patients with HNC.
Based on the above, such patients might be identified and be
earlier scheduled to nutritional intervention and supportive
care, therefore avoiding unfavorable changes in body
composition and benefiting more from therapy. The major
limitations of our study are the low number of studied HNC
cases, the retrospective analysis, and lack of PA utility for
prediction of either malnutrition or cachexia, however, similar
observations were noted by others.
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Figure 1. Diagnostic accuracy of phase angle (PA) for distinguishing patients with head and neck cancer with fat mass (FM) ≤16 kg from those
with FM>16 kg (A), those with lean mass (LM) ≤44.1 kg from cases with LM  44.1 kg (B), and those with body mass index (BMI) ≤18.5 kg/m2 from
those with normal BMI(C). AUC: Area under the curve.
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