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1.	 INTRODUCTION

Worldwide, an estimated 644,000 new cases of 
head-and-neck cancer (hnc) are diagnosed each year, 
with two thirds of the cases occurring in developing 
countries. In the United States, hncs account for 3.2% 
(n = 39,750) of all new cancers, and 2.2% (n = 12,460) 
of all cancer deaths1.

Malnutrition is common in patients with hnc2. 
Deficits in nutrition have a significant impact on mor-
tality, morbidity, and quality of life in patients with 
hnc2–4. Bioelectrical impedance analysis (bia) has 
been established as a valuable tool in the evaluation of 
body composition and nutrition status in many con-
ditions, including cancer5–9. Parameters of nutrition 
status (for example, weight change, mid-arm muscle 
circumference, triceps skin fold thickness) or labora-
tory measurements are unstable in cancer patients 
in the clinical setting10. Some serum parameters 
(for example, serum albumin, transferrin) are likely 
to be influenced by many non-nutrition factors11. A 
more objective assessment is provided by bia, which 
evaluates body components such as the extracellular 
mass (ecm) or body cell mass (bcm)12,13.

The ecm includes all metabolically inactive tis-
sues of the body; the bcm includes all the metaboli-
cally active tissues. The ecm/bcm ratio is a highly 
sensitive index of malnutrition10. A rising ecm/bcm 
ratio is an early warning sign of worsening nutrition 
status. This new parameter could possibly be another 
option for assessment of nutrition status in addition to 
the commonly used phase angle. The ecm/bcm ratio 
has never been studied in hnc patients.

Subjective global assessment (sga) is a clinical 
technique that combines data from subjective and 
objective aspects of medical history (change in weight, 
change in dietary intake, gastrointestinal symptoms, 
and changes in functional capacity) and physical ex-
amination (low levels of subcutaneous fat and muscle 
mass, ankle or sacral edema, and ascites)14. Patients are 
evaluated and categorized into three distinct classes: 
well-nourished (sga  A), moderately malnourished 
(sga B), and severely malnourished (sga C). The sga 
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has been extensively validated as an assessment tech-
nique for nutrition in oncology patients3,14.

The primary objective of the present study was 
to investigate the association between ecm/bcm ratio 
and sga in patients with hnc.

2.	 METHODS

2.1	 Patients

Between October 2009 and October 2012, our study 
enrolled a population of 75 pre-surgical patients (8 
women, 67 men) who had received a new, histologically 
confirmed diagnosis of hnc (28 tumours of larynx, 21 
tumours of middle pharynx, 18 tumours of oral cavity, 
8 tumours of inferior pharynx) and who were treated 
at the Otolaryngology Department, Head and Neck 
Surgery, Medical University of Lublin, Lublin, Poland. 
All tumours were plano-epithelial carcinomas. All 
patients who had already received or were receiving 
preoperative or postoperative radiotherapy and who had 
been surgically treated were excluded from the study.

2.2	 Nutrition Assessment

All patients underwent a baseline nutrition assessment, 
which included laboratory measurements of total pro-
tein, serum albumin, and transferrin; sga; and bia. The 
patient’s nutrition status was defined as well-nourished 
(sga A), moderately malnourished (sga B), or severely 
malnourished (sga C). The bia was performed by a medi-
cal doctor using an SFB7 BioImp v1.55 bioimpedance 
analyzer (ImpediMed, Pinkenba, Australia). The test 
was conducted with the patient lying supine on a bed, 
legs apart and arms not touching the torso. All evalua-
tions used 4 standard surface electrodes (“tetra polar” 
technique) applied at the hand and foot on the patient’s 
right side. Direct measurements of R and Xc in ohms at 
50 kHz were obtained three times for each patient; the 
mean of those measurements were used in the analysis.

The bcm was calculated using the equation

	 bcm (kg) = lbm × ln(pa50) × 0.29,

where lbm is lean body mass, and ln(pa50) is natural 
logarithm of the phase angle measured at 50 kHz. 
The lbm was calculated from total body water (tbw) 
by assuming 73% hydration of the lbm15,16:

	 lbm = tbw / 0.732.

Fat-free mass (ffm) in kilograms was obtained 
directly from the SFB7 BioImp v1.55.

Extracellular mass (ecm) was calculated using 
the equation

	 ecm = ffm – bcm.

The ecm to bcm ratio was then calculated.

2.3	 Statistical Analysis

Statistical analyses were performed using the Sta-
tistica software application (version  8.0: StatSoft, 
Krakow, Poland). For the analysis reported here, pa-
tients were classified as either well-nourished (sga A) 
or malnourished (sga B and sga C). The sga B and 
sga C groups were merged because only 6 patients 
had been classified as sga C.

The ecm/bcm results are expressed as mean 
± standard deviation. The ffm index was found to 
be non-normally distributed as demonstrated by a 
Shapiro–Wilks test. Median ecm/bcm values were 
compared in the two nutrition status categories using 
the nonparametric Mann–Whitney test. The accepted 
error was 5%, and statistical significance was ac-
cepted at p < 0.05. Receiver operating characteristic 
curves were estimated using the nonparametric 
method. The area under the curve was calculated 
to determine the accuracy of ecm/bcm as a tool for 
assessment of nutrition. We attempted to select an 
optimal ecm/bcm cut-off that would identify mal-
nourished patients. Sensitivity was defined as the 
proportion of malnourished patients with an ecm/bcm 
smaller than the cut-off value—that is, the ability of 
the ecm/bcm cut-off to identify truly malnourished 
patients. Similarly, specificity was defined as the 
proportion of well-nourished patients with an ecm/
bcm greater than or equal to the cut-off value—that 
is, the ability of the ecm/bcm cut-off to identify truly 
well-nourished patients.

The study was conducted according to the 
guidelines in the Declaration of Helsinki, and all 
procedures involving human subjects or patients were 
approved by the Research Ethics Committee of the 
Medical University of Lublin, Lublin, Poland. All 
patients gave written informed consent to participate 
in the study.

3.	 RESULTS

Tables i and ii show the baseline characteristics of the 
patient cohort. Compared with hnc patients who were 
moderately or severely malnourished according to the 
sga, those who were classified as well-nourished had 
significantly higher serum total protein (7.14 ± 0.57 mg/dL 
vs. 6.16 ± 0.76 mg/dL, Z = 6.64, p < 0.000001), serum 
albumin (4.03 ± 0.37 g/dL vs. 3.49±0.38 g/dL, Z = 6.68, 
p < 0.000001), and transferrin (202.47 ± 39.63 mg/dL 
vs. 170.29 ± 39.83 mg/dL, Z = 4.76, p = 0.000002). 
The ecm/bcm ratio was significantly lower in healthy 
controls than in patients with hnc (overall: 1.07 ± 0.20 
vs. 1.18 ± 0.26, Z = –3.34, p = 0.0008), and it was 
significantly lower in hnc patients who were classi-
fied as well-nourished according to sga than in pa-
tients who were moderately or severely malnourished 
(1.11 ± 0.21 vs. 1.28 ± 0.29, Z = –2.82, p = 0.005).

The optimal ecm/bcm cut-off for detecting 
malnourished patients was estimated to be 1.194 
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(sensitivity: 76%; specificity: 63%). Figure 1 shows 
the receiver operating characteristic curve for the 
ecm/bcm ratio, revealing that it provides modest di-
agnostic accuracy in distinguishing well-nourished 
and malnourished individuals (area under the curve: 
0.7; 95% confidence interval: 0.57 to 0.82; p = 0.005).

4.	 DISCUSSION

Malnutrition has been associated with adverse out-
comes in cancer patients. Patients who have been 

or are being treated for hnc are characterized by 
compromised nutrition status17.

The ecm/bcm ratio describes nutrition status16. 
The bcm is the overall cell mass responsible for me-
tabolism; the ecm includes connective tissues such as 
collagen, elastin, skin, tendons, bones, and interstitial 
water (ascites, pleural effusion, and so on). In healthy 
individuals, the bcm is always distinctly higher than 
the ecm, and so the ratio is less than 118.

A rising ecm/bcm is an early warning sign of 
worsening nutrition status. The ecm/bcm ratio proved 
to be a useful tool for assessment of nutrition in 
patients with pancreatic cancer and an independent 
predictor of long-term survival in peritoneal dialysis 
patients10,19. For every 10% increase in the ecm/bcm, 
the relative risk of death increased by about 35% in 
peritoneal dialysis patients19. In a study by Pelzer 
et al.10, parental nutrition support for patients with 
pancreatic cancer lowered the ecm/bcm to 1.5 from 
1.7, which signalled improved nutrition status. In an-
other study, a declining ecm/bcm was associated with 
recovery in patients who had malnutrition because of 
non-malignant gastrointestinal diseases20.

To the best of our knowledge, our study is the 
first to evaluate the ecm/bcm as an indicator of 
malnutrition among patients with hnc. The study 
was restricted to newly diagnosed patients, and the 
results we observed provided valuable information 
about the nutrition status of patients before surgery. 
Other methods of assessing nutrition status in this 
population—such as sga—might not be sensitive 
enough to detect deficiency.

Limitations associated with the bia technique for 
predicting body composition in patients with cancer 
include the assumption of constant hydration and ffm 

table i	 Baseline characteristics of patients with a new diagnosis 
of head-and-neck cancer

Characteristic Value [n (%)]

Patients 75
Sex

Men 67 (89.3)
Women 8 (10.7)

Tumour type
Larynx 28 (37)
Middle pharynx 21 (28)
Oral cavity 18 (24)
Inferior pharynx 8 (11)

Tumour stage at diagnosis
Stage iii 27 (36)
Stage iv 48 (64)

Subjective global assessment category
A (well-nourished) 45 (60)
B (moderately malnourished) 24 (32)
C (severely malnourished) 6 (8)

table ii	 Assessment of baseline characteristics in 75 patients by score on subjective global assessment (sga)

Characteristic Mean Range p Value

Age at diagnosis (years) 56.88±8.21 37–80 na

Total protein (mg/dL)
sga A 7.14±0.57 5.50–8.30 Z=6.64,
sga B+C 6.16±0.76 5.80–6.60 p<0.000001

Albumin (g/dL)
sga A 4.03±0.37 3.10–4.70 Z=6.68,
sga B+C 3.49±0.38 3.20–3.80 p<0.000001

Transferrin (mg/dL)
sga A 202.47±39.63 140–312 Z=4.76,
sga B+C 170.29±39.83 141–200 p=0.000002

Extracellular-to-body cell mass ratio
Overall

Healthy patients 1.07±0.20 0.82–1.76 Z=–3.34,
hnc before surgery 1.18±0.26 0.64–1.97 p=0.0008

sga A 1.11±0.21 0.76–1.82 Z=–2.82,
sga B+C 1.28±0.29 0.64–1.97 p=0.005

na = not applicable; hnc = head-and-neck cancer.
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composition, which can be different in obesity, vari-
ous diseases, various age groups, and various ethnic 
groups21,22. In our opinion, further research with a 
larger sample size could potentially support our results, 
providing an avenue for early nutrition intervention 
and corrective nutritive replacement, which, combined 
with oncology intervention, might ultimately lead to 
increased survival in this patient population.

Evaluating the ecm/bcm in pre-surgical hnc pa-
tients could be a quick, simple, and reproducible means 
of determining nutrition status. This quick assessment 
can allow for early corrective intervention. Further 
research is needed to investigate the value of the ecm/
bcm in Polish cancer patients to determine survival, 
validate the prognostic significance of the ratio, and 
monitor nutrition and therapeutic interventions.

5.	 CONCLUSIONS

The ecm/bcm can be considered an indicator of nu-
trition status in patients with cancer. The ecm/bcm 
cut-off of 1.194 might be a new parameter that could 
be used to detect malnutrition in patients with hnc. 
Further observations are needed to implement the 
ecm/bcm ratio as a prognostic marker of nutrition in 
clinical practice.
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