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ABSTRACT

Background  Phase angle could be an alternative to subjective global assessment for the assessment of nutrition 
status in patients with head-and-neck cancer.

Methods  We prospectively evaluated a cohort of 75 stage  iiib and iv head-and-neck patients treated at the 
Otolaryngology Department, Head and Neck Surgery, Medical University of Lublin, Poland. Bioelectrical impedance 
analysis was performed in all patients using an analyzer that operated at 50 kHz. The phase angle was calculated 
as reactance divided by resistance (Xc/R) and expressed in degrees. The Kaplan–Meier method was used to 
calculate survival.

Results  Median overall survival in the cohort was 32.0 months. At the time of analysis, 47 deaths had been recorded 
in the cohort (62.7%). The risk of shortened overall survival was significantly higher in patients whose phase angle 
was less than 4.733 degrees than in the remaining patients (19.6 months vs. 45 months, p = 0.0489; chi-square: 3.88; 
hazard ratio: 1.8856; 95% confidence interval: 1.0031 to 3.5446).

Conclusions  Phase angle might be prognostic of survival in patients with advanced head-and-neck cancer. Further 
investigation in a larger population is required to confirm our results.
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INTRODUCTION

“Head-and-neck cancer” (hnc) refers to malignant tumours 
involving the skin, soft tissues, or bones of the head and 
neck (excluding tumours of the brain and related tissues, 
and malignant melanomas)1. In 2005, hnc accounted for 
3.2% (n = 39,750) of all new cancers and 2.2% (n = 12,460) 
of all cancer deaths in the United States2. Mucosal squa-
mous cell carcinoma is the most frequent malignancy of 
the head and neck, accounting for approximately 85% of 
cases. Squamous cell carcinomas include cancers of the 
oral cavity, oropharynx, larynx, hypopharynx, paranasal 
sinuses, and nasopharynx (International Classification of 
Diseases, revision 10, codes C07–C14 and C32–C33)1.

Progressive weight loss and malnutrition are commonly 
found in cancer patients (not only when in hospital), and 
especially in those with hnc, but also in those with 
lung and gastrointestinal cancers3,4. Weight loss during 

treatment for hnc is a major concern. The obstacles to 
weight maintenance result not only from the cancer itself 
but also from its therapy: surgery, radiotherapy, and che-
motherapy, which also lead to additional complications (for 
example, in oral intake)2,5. The incidence of malnutrition 
in cancer patients ranges between 40% and 80%, and the 
prevalence ranges from 50% to 80% depending on tumour 
type, tumour location, stage of disease, treatment received, 
and the nutrition assessment method used6. Malnutrition 
and nutrition deficits all have a significant effect on mor-
tality, morbidity, and quality of life in patients with hnc7–10. 
Timely identification of problems with a patient’s nutrition 
could improve prognosis, increase response to therapy, and 
reduce the rate and severity of complications.

There are many methods for the subjective and objec-
tive assessment of patient’s nutrition status, including 
anthropometric measurements (weight change, arm 
muscle circumference, triceps skin-fold thickness) and 
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biochemical parameters (albumin, transferrin). Subjec-
tive global assessment (sga)11 and patient-generated sga 
(pg-sga) are designed especially for cancer patients and 
are commonly used for patients with hnc12. The European 
Society for Clinical Nutrition and Metabolism also recom-
mends other tools such as nutrition risk screening (nrs-
2002 for hospital admission), the Malnutrition Universal 
Screening Tool, and the Mini Nutritional Assessment13. 
Recently introduced and relatively new tools such as 
phase angle (pa) as determined by bioelectrical imped-
ance analysis (bia) allow for an objective determination 
of prognosis14. As an objective evaluation of body compo-
sition and nutrition status, bia has been established as a 
valuable tool for assessing the condition of many types of 
patients, including those with cancer15–18. The utility of 
these many nutrition screening tools has been evaluated 
by their ability to predict relevant clinical outcomes such 
as complications, treatment response, survival, and quality 
of life14,15. Various methods can be used to assess prognosis 
and predict clinical outcome, but just a few can assess the 
effect of nutrition on overall survival14.

No objective tool or standard of care has consistently 
been used for the diagnosis of nutrition status in oncology 
settings. Currently, most nutrition screening in oncology 
settings is completed by doctors or nursing professionals 
using the sga, which is a subjective tool, but still valid for 
predicting decline in a patient’s quality of life19–21. Sub-
jective global assessment has been found to have a high 
degree of inter-rater reliability. It has also been found to 
have predictive and convergent validity, correlating well 
with measures of morbidity (incidence of infection, use of 
antibiotics, length of stay), a number of traditional objective 
parameters (anthropometric, biochemical, functional, and 
immunologic), and quality of life22.

Bioelectrical impedance evaluates bioelectrical 
properties of the body such as resistance (R) and reac-
tance (Xc) by recording voltage drop in applied current23. 
The raw bia parameters derived from Xc and R are the 
fat mass, fat-free mass, total body water, extracellular 
water content, intracellular water content, and pa. The 
pa ref lects the relative contributions of f luid (R) and cel-
lular membranes (Xc) in the human body24. Resistance 
is restriction to the f low of electrical current, primarily 
related to the amount of water present in the tissues. 
Reactance is the resistive effect produced by the tissue 
interfaces and cell membranes25. Thanks to its potential 
to detect changes in tissue electrical properties, pa has 
been found to be an indicator for cell membrane integ-
rity, distribution of water between the intracellular and 
extracellular spaces, and prediction of body cell mass in 
various disease conditions26–34.

The sga has been extensively validated as a nutrition 
assessment technique in oncology patients, and it is the 
method most frequently used35. The impact of nutrition 
on survival has been reported in single articles that also 
evaluated the association of pa with sga in patients with 
pancreatic cancer30 or advanced colorectal cancer31–36. 
Here, however, we report such an assessment in hnc 
patients for the first time.

Our prospective study was conducted to investigate 
the association of pa with patient survival and to identify 

the prognostic utility of nutrition assessment tools in adult 
patients with advanced hnc.

METHODS

A prospective cohort study was planned in a population of 
75 presurgical, treatment-naïve patients with histologically 
confirmed primary squamous cell carcinoma of the head 
and neck treated between October 2009 and October 2012 
at the Otolaryngology Department, Head and Neck Surgery, 
Medical University of Lublin, Poland. Exclusion criteria 
included a previous or coexisting cancer or the presence 
of a disease that affects nutrition status (ulcerative colitis, 
Crohn’s disease, chronic obstructive pulmonary disease 
of grade  2 or greater, congestive heart failure, insulin-​
dependent diabetes mellitus).

Informed consent was obtained from all study partici-
pants. Because the research involved human participants, 
it was conducted according to the guidelines laid down in 
the Declaration of Helsinki. The study was approved by 
the Ethics Committee of the Medical University of Lublin, 
Poland (consent no. KE-0254/170/2009).

Outcome Measures
All patients underwent a baseline assessment, which 
included demographics (age, sex), tumour-related de-
tails (type, grade, stage, size, site), clinical assessment 
(symptoms, comorbidities, metastases), and nutrition and 
laboratory measurements (total protein, serum albumin, 
transferrin). The sga was assessed by a medical doctor at 
the beginning of the hospitalization (during the physical 
exam), and bia was performed. The sga evaluation included 
weight, dietary intake, gastrointestinal symptoms, and 
changes in functional capacity and physical examination 
(levels of subcutaneous fat and muscle mass, ankle or sacral 
edema, and ascites). Those four features were noted as ei-
ther normal (0), mild (1+), moderate (2+), or severe (3+)11. 
On the basis of the history and physical examination, the 
patient’s nutrition status was defined as well-nourished 
(sga-a), moderately malnourished (sga-b), or severely 
malnourished (sga-c).

All patients participating in the study were scheduled 
for a consultation with a medical doctor. During the con-
sultation, the physician reviewed the sga instrument with 
the patient to obtain answers to all the questions (pg-sga) 
and also completed a physical exam to assess loss of subcu-
taneous fat, muscle wasting, presence of ankle and sacral 
edema, and ascites. The bia was performed using an SFB7 
BioImp v1.55 analyzer (ImpediMed, Brisbane, Australia) 
while the patient was lying supine on a bed, legs apart and 
arms away from the torso. All evaluations were conducted 
by attaching 4 standard surface electrodes (tetrapolar 
technique) to the patient’s hand and foot on the right side. 
The R and Xc were measured directly in ohms at 50 kHz. 
The measurements were repeated 3 times in each patient, 
and the mean of those 3 measurements were used. The pa 
was obtained from the arc-tangent ratio Xc:R. To transform 
the result from radians to degrees, the resulting ratio was 
multiplied by 180 degrees divided by pi. The pa value was 
an absolute automatically obtained from the bioelectrical 
impedance analyzer.
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Statistical Analysis
The statistical analyses were performed using the Statistica 
(version 8.0: StatSoft, Tulsa, OK, U.S.A.) and MedCalc 10 
(MedCalc Software, Ostend, Belgium) software applica-
tions. Overall survival was defined as the time from the 
date of the first patient visit to the hospital after diagnosis 
(before treatment) to the date of death from any cause or 
to the date of last contact or the patient last being known to 
be alive. The Kaplan–Meier method was used to calculate 
survival. The log-rank test was used to evaluate survival 
distribution by patient stratification. Differences were 
considered to be statistically significant at p ≤ 0.05. For the 
purpose of the Kaplan–Meier survival analysis, pa mea-
surements were categorized into two equal and mutually 
exclusive groups at a median pa score of 4.733 based on the 
receiver operating characteristic curve analysis from our 
previous study37. Correlations between pa and traditional 
measures of malnutrition were calculated using the Pear-
son coefficient for normally distributed variables and the 
Spearman rho for non-normally distributed variables.

The pa at 50  kHz was the main measure used for 
determining the sample size. On the basis of pilot study 
results, the sample size in the control and study groups 
was estimated by Altman nomogram (n = 31 in each group). 
Assuming a test power of at least 80% and two independent 
and equal groups for obtaining a standardized difference in 
the pa of 0.45 at the 5% level of statistical significance, the 
required size of the sample was estimated to be 75 patients.

RESULTS

Patients (67 men, 8 women) with a histologically con-
firmed diagnosis of hnc (28 laryngeal, 29 pharyngeal, 18 
oral cavity) who were treated at the Otolaryngology De-
partment, Head and Neck Surgery, Medical University of 
Lublin, Poland, between October 2009 and October 2012 
were included in the study. All tumours were squamous 
cell carcinomas. Median age of the patients was 56 years. 
Table  i presents baseline patient characteristics and the 
evaluated parameters for the study group.

The pa distribution (<4.733 or ≥4.733) had no associ-
ation with demographic and clinical factors such as sex, 
tumour location, or disease stage; however, it was signifi-
cantly associated with age. Values of pa less than 4.733 
were significantly more frequently recorded in younger 
patients (<55 years). Table ii shows the distribution of pa 
by demographic and clinical factors.

In the present study, pa was significantly negatively 
correlated only with sga (r = –0.35, p = 0.0022). Correla-
tions between the pa and other studied factors (albumin, 
transferrin, total protein) were statistically insignificant 
(Table iii).

Median overall survival in our cohort was 32.0 months. 
At the time of analysis (observation from October 2009 to 
May 2015), 47 patients had died (62.7%) and 28 had been 
censored (having reached the end of follow-up without 
experiencing death). The variables of interest were rank-​
ordered based on the strength of their statistical associa-
tion with survival. Patients without suspected or moderate 
malnutrition or cachexia (sga-a) had an insignificantly 
lower risk of shortened overall survival compared with the 

TABLE I  Characteristics of the study patients

Variable Value

Patients (n) 75

Sex [n (%)]

Men 67 (89.3)

Women 8 (10.7)

Tumour stage at diagnosis [n (%)]

III 27 (36)

IV 48 (64)

SGA [n (%)]

Well-nourished (SGA-A) 45 (60)

Moderately malnourished (SGA-B) 24 (32)

Severely malnourished (SGA-C) 6 (8)

Age at diagnosis (years)

Mean 56.88±8.21

Range 37–80

Phase angle at 50 kHz

Overall

Mean 5.04±0.88

Range 3.27–8

SGA A

Mean 5.25±0.76

Z = 3.33 
0.0009

Range 3.53–7.23

SGA B and C

Mean 4.73±0.96

Range 3.27–8.00

TABLE II  Distribution of phase angle value by demographic and 
clinical factors

Variable Phase angle p
Valuea

Chi-
square

<4.733 ≥4.733

Patients [n (%)] 26 (34.7) 49 (65.3)

Sex [n (%)]

Men 24 (35.3) 44 (64.7) 0.9512 0.004

Women 2 (28.6) 5 (71.4)

Age [n (%)]

<55 Years 8 (21.6) 29 (78.4) 0.0358 4.409

≥55 Years 18 (47.4) 20 (52.6)

Location of tumour [n (%)]

Upperb 9 (33.3) 18 (66.7) 0.8703 0.027

Lowerc 8 (40) 12 (60)

Stage of disease [n (%)]

IIIB 8 (34.8) 15 (65.2) 0.8256 0.049

IV 18 (35.3) 33 (64.7)

a	 Significant value shown in boldface type.
b	 Mouth, tongue, jaw, tonsil, nose, centre throat, maxillary sinus.
c	 Larynx, glottis, lower part of the throat.
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TABLE III  Correlations between phase angle and indicators of mal-
nutrition

Indicator vs. phase angle

Albumin Transferrin Total protein SGA

r  
Value

p  
Value

r  
Value

p  
Value

r  
Value

p  
Value

r  
Value

p  
Value

0.06 0.6071 0.08 0.4729 0.11 0.3454 –0.35 0.0022

remaining patients [sga-b or -c (p < 0.0658; chi-square: 3.38; 
hazard ratio: 0.56; 95% confidence interval: 0.30 to 1.04)]. 
Figure 1 presents the survival curves, stratified by sga.

In patients whose pa was less than 4.733, the risk of a 
shortened overall survival was significantly higher than 
it was in the other patients (19.6 months vs. 45 months, 
p  = 0.0489; chi-square: 3.88; hazard ratio: 1.8856; 95% 
confidence interval: 1.0031 to 3.5446). Figure  2 presents 
the Kaplan–Meier curves stratified by pa.

The overall survival duration had no statistically 
significant associations with the other demographic and 
clinical factors (univariate analysis in Table iv).

Cox multivariate logistic regression demonstrated that 
none of studied factors was significantly associated with 
shortened overall survival in the study group (chi-square 
for overall model fit: 5.25; p = 0.2621; Table v).

DISCUSSION

Bioelectrical impedance analysis is a relatively new tool for 
the assessment of nutrition status; it is useful as diagnostic 
method both in health and in chronic disease (amyo-
trophic lateral sclerosis18, cirrhosis25, hemodialysis27, hiv28, 
cancer). An alternative method, bioelectrical impedance 
spectroscopy, is a technique that measures impedance 
using 50 or more frequencies; the resulting values are then 
used to calculate the resistance of the extracellular and 
intracellular water. In view of the scarcity of equations or 
references for comparison in the literature, the latter tech-
nique is generally recommended for healthy individuals 
with no structural or hydration abnormalities38.

Phase angle is relatively independent from con-
founders such as body mass index and age. However, 
pa values vary with a patient’s condition or stage of dis-
ease36,37,39,40. Because of limitations in the bia method and 
also in the pa (adjusted or unadjusted), the value of those 
measures as prognostic factors for clinical decision-making 
in day-to-day practice in advanced cancers is still ques-
tioned. The main issue still under investigation is their 
effect on survival prediction, which is crucial for guiding 
clinical decisions.

Nutrition status can be assessed using a variety of 
tools. Some are relevant and already have confirmed sig-
nificance as prognostic indicators: the Palliative Prognostic 
Index, serum albumin, lean body mass. In the present 
study, only unadjusted pa values were used as described 
by Hui et al.36, who confirmed that the unadjusted pa and 
the sga are both significantly associated with survival and 
correlate with each other. Their final recommendation was 
that the unadjusted pa provides valuable information and 
can be used as prognostic factor.

In many studies conducted in various cancers, a lower 
(under some threshold) pa was significantly associated 
with a lower survival rate14,31,40–42. Studies using other 
diagnostic tools (anthropometric measures, computed 
tomography, and magnetic resonance imaging42) have 
been conducted, but could not be applied in all cancers; 
they had to be assessed separately depending on the type 
and stage of the cancer.

In a systematic review, Lis et al.6 found an associa-
tion between weight loss and swelling. In patients with 

advanced hnc who undergo surgery, lymph node stage, 
non-radical resection margins, and occurrence of major 
postoperative complications have been demonstrated to 
affect disease-specific survival in men and women alike. 
The combination of male sex, preoperative weight loss, and 
major postoperative complications has been associated 

FIGURE 2  Comparison of overall survival change by phase angle 
value. mOS  = median overall survival; HR  = hazard ratio; CI  = 
confidence interval.

FIGURE 1  Comparison of overall survival by subjective global as-
sessment (SGA) status. mOS = median overall survival; HR = hazard 
ratio; CI = confidence interval.
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with earlier death8. Nutrition status as measured by bia or 
sga has been tested as a prognostic factor in a few studies.

The study by Hui et al.36 confirmed that pa is a sig-
nificant predictor of poor survival, independent of estab-
lished prognostic factors in an advanced cancer setting. 
The median survivals for patients with pas of 2–2.9, 3–3.9, 
4–4.9, 5–5.9, and 6 or more were 35 days, 54 days, 112 
days, 134 days, and 220 days respectively. In that study, 
the results applied to a general population with advanced 
cancer (breast, gastrointestinal, genitourinary gynecolog-
ic, head-and-neck, hematologic, lung, and others). Those 
authors and the authors of other publications43 reported 
about various types of cancer; only a few studies have 
reported detailed data for single cancer types30–33,37,43: 
breast cancer, advanced non-small-cell lung cancer, 
colorectal cancer, hepatocellular carcinoma, and finally, 
in our study, hnc. In the present prospective study of a 
homogeneous population with advanced hnc, pa was 
observed to be as significant a reference test as the sga 
with respect to overall survival.

Earlier studies of bia in patients with cancer have most-
ly had a retrospective design30–33 and have enrolled patients 
with mixed cancers or varying stages of disease14,36,40,44,45. 
The key issues in the prognosis of hnc patients are disease 
stage and tumour grade, but an effect of prior treatment was 
avoided because our study enrolled only treatment-naïve 
hospitalized patients with stage iii or iv disease. One of the 
key findings by Hui et al.36, confirmed by Davis et al.44, was 
that a low pa discriminates patients with a short life expec-
tancy and a higher pa is correlated with improved survival. 

Our study also confirms the status of pa as an independent 
prognostic factor in the context of many other known 
prognostic factors (albumin, transferrin). Some other 
prognostic factors (Palliative Prognostic Index, Karnofsky 
performance status) were not assessed. Additionally, as in 
other studies30–33, hydration status before pa measurement 
was not assessed (an exception is the study by Hui et al.36).

Because it reflects cell function, muscle mass, and 
nutrition status, pa could be used to assess the risk of 
bacteremia, surgical complications46, or other risks con-
nected with cancer or its treatment. Being an objective 
and noninvasive measure, pa can, because of low cost and 
simple operation of a bioelectrical impedance analyzer, 
easily be repeatedly measured in the daily clinical routine 
(5–10 minutes).

The present study was undertaken to investigate 
whether bia—and especially pa—could be used as an in-
dicator of nutrition status, and like the sga, could predict 
survival in advanced hnc. In Hui et al.36, median survival 
was assessed depending on a range of pa values: 2–3, 4–5, 
and 6 or more, associated with median survivals of less 
than 3 months, 3–6 months, and more than 6 months re-
spectively. In studies involving specific cancers, thresholds 
or cut-points were also presented26,28,30–33,41, with results 
being similar in studies involving pancreatic cancer, ad-
vanced lung cancer, and colorectal cancer. The mean pa 
stratification threshold was 4.58 for advanced lung can-
cer47, 5.08 for advanced pancreatic cancer30, and 5.58 for 
advanced colorectal cancer. In other conditions, such as 
hiv29, dialysis28, or cirrhosis26, different pa cut-points were 

TABLE IV  Univariate Kaplan–Meier survival analysis

Variable Comparator Statistical significance HR 95% CI

p Value Chi-square

Sex (men) Women 0.8327 0.0446 1.1120 0.4153 to 2.9770

Age ≥55 years <55 Years 0.5476 0.3616 0.8386 0.4724 to 1.4885

Well-nourished by SGA Suspected or moderate 0.0658 3.3838 0.5587 0.3005 to 1.0389
malnutrition, cachexia

Phase angle <4.733 ≥4.733 0.0489 3.8794 1.8856 1.0031 to 3.5446

Low transferrin (mg/dL) (men < 215, women < 250) Normal transferrin 0.1497 2.0751 1.7869 0.8111 to 3.9368

Low albumin (<3.2 g/dL) Normal albumin 0.0825 2.8310 8.23211 0.7064 to 95.9373

HR = hazard ratio; CI = confidence interval.

TABLE V  Multivariate Cox proportional hazards modela

Variable β p Value HR 95% CI

Male sex 0.5358 0.9287 1.0491 0.3690 to 2.9824

Age < 55 years 0.3196 0.9445 1.0225 0.5483 to 1.9068

Suspected or moderate malnutrition, cachexia by SGA 0.3236 0.2038 1.5087 0.8027 to 2.8354

Phase angle < 4.733 0.3417 0.1948 0.6421 0.3297 to 1.2503

Low transferrin (mg/dL) (men < 215, women < 250) 0.6028 0.2036 1.8271 0.7248 to 4.6062

Low albumin (<3.2 g/dL) 0.4040 0.5990 1.4977 0.3348 to 6.6979

a	 Overall fit: chi-square: 11.035; p < 0.0262.
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indicated, but the marker remained prognostic for survival 
or progression of disease. The selected cut-point has major 
practical implications and could be used in making deci-
sions about further treatment in specific cancers.

Our study has several limitations. First, we enrolled 
only small population of hospitalized patients with ad-
vanced hnc in a single specialized centre. Further research 
is necessary to determine whether the study findings also 
apply to patients in outpatient care with advanced disease 
or to patients with advanced hnc generally. We did not col-
lect data about other factors (C-reactive protein, the Pallia-
tive Prognostic Index, Karnofsky performance status) that 
are known to be prognostic and that have been reported to 
be associated with pa and serum albumin or transferrin35.

The extrapolation of the results reported here to a 
general population depends on age, sex, and body mass 
characteristics as assessed by bia48, but also on meth-
odology issues connected to the size of the population 
and the standardization of bia measurement from one 
study to another. The results of the present study could 
be treated as pilot result in the clarification of the role 
and place of pa in clinical practice (alone or in combi-
nation with other prognostic tools) and of bia technique 
in advanced hnc.

CONCLUSIONS

We found that pa might be a predictor of survival in patients 
with advanced hnc. Further investigation in a larger pop-
ulation must be conducted to confirm our results, alone 
or in comparison with other prognostic factors, to assess 
their accuracy in advanced hnc.
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