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Abstract
Background Apart from surgery, the methods of treatment of HNC are radiotherapy (RTH) and/or chemotherapy (CRTH/
CHT). One of the most frequent and serious complications of RTH is oral mucositis (OM). There is a strict correlation 
between the inflammation and the status of hydration. The aim of the study was to evaluate the changes in hydration, occur‑
ring in the course of RTH, measured by means of bioelectrical impedance analysis (BIA) and to analyze them in correlation 
with the intensification of OM in HNC patients.
Patients and methods Data from 49 HNC patients (stages I–IV) were analyzed. All of them were irradiated using IMRT 
technique with the doses of 50–70 Gy. Oral mucositis (OM) was evaluated according to RTOG/EORTC guidelines. BIA 
was performed using ImpediMed bioimpedance analysis SFB7 BioImp v1.55.
Results In the fourth week of RTH, 4–5 days before the occurrence of severe OM, it was found that patients with OM grade 
3 or higher compared to OM grade 2 or lower had significantly: lower ICW% values (respectively, 53.02% vs 50.72%; 
p = 0.0047), higher: ECW%: (47.95% vs 46.92%; p = 0.0020), TBW% (respectively, 56.34% vs 51.06%; p = 0.0455), ECW/
ICW (respectively, 0.96 vs 0.86; p = 0.0007) and ECW/TBW (respectively, 0.49 vs 0.46, p = 0.0033).
Conclusion Our study indicates that HNC patients undergo changes in hydration in the course of RTH. We have also con‑
firmed that the intensification of OM leads to ICW decrease and the increase of ECW, TBW as well as ECW/ICW and ECW/
TBW values.
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Background

Head and neck cancer (HNC) is one of the most prevalent 
malignant epithelial neoplasms in people and the number of 
newly diagnosed cases of these neoplasms is 650 thousand 
a year [1].

One of the primary methods of radical HNC treatment 
is radiotherapy (RTH) used as a standalone therapy or in 
combination with surgery and/or chemotherapy. One of the 

most serious complications of RTH is acute radiation reac‑
tion in the form of oral mucositis (OM) [2].

OM usually occurs after application of a radiation dose 
of 10–20 Gy (after 1–2 weeks of RTH) gradually increasing 
until the completion of RTH [3]. The frequency of occur‑
rence of OM is estimated to be 80–98% in irradiated HNC 
patients [4–6]. Depending on the severity, OM is classified 
as tolerable (grade 1 and 2 mucositis) and severe (grade 3 
or 4), which constitutes a clinical problem [2]. Depending 
on the RTH scheme and concomitant application of chemo‑
therapy, severe OM is diagnosed in 29–77% patients and is 
the cause of hospitalization in 16% and discontinuation of 
treatment in 8–27% patients [4, 6, 7]. OM, especially the 
severe form, leads to serious eating disorders, dysphagia, 
dysgeusia, anorexia, pain, and often there is a need for using 
narcotic analgesics or application of percutaneous endo‑
scopic gastrostomy [2, 4, 5, 8].
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Radiation‑induced OM develops gradually and in a 
multi‑stage way mainly in result of the activity of reactive 
oxygen species (ROS), proinflammatory cytokines: TNFα, 
IL‑1β, IL‑6 and matrix metalloproteinases (MMPs) as well 
as change in nuclear factor‑κB (NFκB) [2].

There is a close link between the inflammation, includ‑
ing TNFα, IL‑6 and MMPs, and the state of hydration 
[9–11]. In studies performed in dialyzed patients, it was 
determined that the intensification of inflammation is cor‑
related with increased values of extracellular water ECW, 
ECW/TBW (extracellular water/total body water) indicat‑
ing the condition of fluid overload [9–11].

Current observations indicate that, in the course of irra‑
diation, due to reactions associated with the involvement 
of proinflammatory cytokines, there may occur changes 
in the water content in particular spaces. TBW constitutes 
73% of fat‑free mass (FFM) volume and is present in 
two spaces as ECW and intracellular water (ICW). ECW 
includes all body water that exists outside the cell mem‑
brane (e.g., interstitial, lymphatic, transcellular fluid and 
blood) and ICW includes all body water that exists inside 
the cell membrane [12].

Bioelectrical impedance analysis (BIA) is a useful and 
precise tool for the evaluation of body composition includ‑
ing hydration, also in cancer patients [13, 14]. BIA facili‑
tates reliable evaluation of such parameters as TBW, ECW 
and ICW [15–17]. It additionally allows for the calculation 
of ECW/TBW ratio, which is an important and highly sen‑
sitive indicator of hydration changes [18].

The hypothesis of our study assumes that in irradiated 
HNC patients, the OM intensity is strongly correlated with 
the water distribution status in the respective compart‑
ments of the organism.

The aim of the study was to evaluate the changes in 
hydration, occurring in the course of RTH, measured by 
means of BIA and to analyze them in correlation with the 
intensification of OM in HNC patients.

Materials and methods

Patient and clinical data

The study included 49 patients (men) with HNC stage 
I–IV. Table 1 presents detailed patient characteristics and 
clinical data. The stage of disease was assessed using the 
7th edition of TNM classification (UICC). International 
Statistical Classification of Diseases and Related Health 
Problems (ICD) was used to evaluate the level of alco‑
hol consumption. It was classified as either occasional or 
excessive (F10.1 and F10.2).

Radiotherapy

Intensity‑modulated radiotherapy (IMRT) with 6‑MV pho‑
tons was used in the treatment of all patients. The therapy 
was performed with the frequency of one session a day, five 
fractions per week. All patients were immobilized in supine 
position using a customized thermosoftening plastic mask. 
In the planning phase, CT imaging of the area of interest 
was conducted using slice thickness of 3 mm. Bolus was 
not used. Target volumes were delineated according to our 
institutional treatment protocol, which is compatible with 
international commission on radiation units and measure‑
ments (ICRU) 50 and 62. The entire region of neck nodes 
(including the lower neck nodes and supraclavicular nodes) 
was treated with IMRT.

IMRT plans were prepared for all patients using Prowess 
Panther version 5.20 treatment planning system (Prowes, 
Inc., Concord, USA). All the plans utilized nine fixed‑gantry 

Table 1  Characteristics of the study group

SD standard deviation, BMI body mass index, TP total protein, ALB 
albumins

Factor Study group (n = 49)

Gender
 Male 49 (100%)

Age (years)
 Median (range) ± SD 64 (42–81) ± 8

Histopathological diagnosis
 Squamous cell carcinoma 45 (91.8%)
 Undifferentiated carcinomas 4 (8.2%)

Disease stage
 I 2 (4.1%)
 III 11 (22.4%)
 IVA 32 (65.3%)
 IVB 4 (8.2%)

Tumor location
 Larynx 10 (20.4%)
 Hypopharynx and oropharynx 39 (79.6%)

Performance status (PS)
 1 46 (93.9%)
 2 3 (6.1%)

Concurrent chemotherapy
 Yes 17 (34.7%)
 No 32 (65.3%)

Postoperative radiotherapy 36 (73.5)
Definitive radiotherapy 13 (26.5)
Weight (kg)
 Mean ± SD 66.8 ± 12.2

BMI
 Mean ± SD 23.4 ± 4.8
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angle coplanar beams with step‑and‑shoot treatment tech‑
niques on a linear accelerator (Siemens Artiste). The pre‑
scribed dose applied to the lower neck and supraclavicu‑
lar fossa was 50 Gy over 25 fractions for prevention, and 
60–66–70 Gy over 30–33–35 fractions for therapy. The 
acceptance criteria for the treatment plans were the follow‑
ing: (1) 95% of any planning target volume (PTV) was at or 
above the prescribed dose; (2) 99% of any PTV was at or 
above 90% of the PTV dose. Doses applied to OAR were 
established according to the framework of radiation therapy 
oncology group (RTOG) 0225 protocol. All patients com‑
pleted the course of radiotherapy with the prescribed dose 
of IMRT without interruption.

Chemoradiation cisplatin was administered in the dose of 
100 mg/m2 on days 1, 22 and 43.

Acute toxicity assessment

RTOG/EORTC scale was used to assess OM intensity. The 
assessment was conducted once a week for the first 3 weeks 
of RTH. From the fourth week of RTH, the assessment was 
performed daily (except for Saturdays and Sundays).

Biochemical examinations and body mass index 
assessment

Once a week, the following examinations were carried 
out: total blood count, total protein, albumin level, NA, K, 
ASPAT, ALAT, bilirubin. Body mass index (BMI) was cal‑
culated and classified according to the world health organi‑
zation (WHO) criteria.

BIA

BIA was performed using ImpediMed bioimpedance analy‑
sis SFB7 BioImp v1.55 (Pinkenba Qld 4008, Australia). BIA 
was conducted while the patients were lying supine on a bed, 
with their legs apart and their arms not touching the torso. 
All evaluations were conducted on the patients’ right side 
using four standard surface electrode (tetra polar) technique 
on the hand and foot.

Statistical analysis

The collected data were analyzed using MedCalc 15.8 Soft‑
ware (MedCalc Software, Belgium). Continuous variables, 
such as ECW, ICW, TBW values (as well as percentage val‑
ues for these parameters); ECW/ICW, ECW/TBW, BMI; and 
body weight, laboratory parameters, were evaluated using 
nonparametric test (Mann–Whitney U test). If the same 
variables of continuous character were evaluated in certain 
intervals (every week, for seven subsequent weeks before 
the beginning of each course of radiotherapy), the analysis 

was conducted using nonparametric test (Wilcoxon). The 
correlation was evaluated using Spearman rank correlation 
test. Continuous variables were compared in reference to 
dichotomous or categorized parameters such as: BMI status 
and the week of radiotherapy.

Results

The results of our studies demonstrate that in the fourth 
week of radiotherapy there were significant differences in 
ICW, ECW and TBW values depending on OM intensity 
(0–2 and > 3). The differences were observed 4–5 days 
before the occurrence of OM grade 3.

Significantly lower ICW% values were found in patients 
with OM grade 3 or higher compared to those, in which 
OM was classified as grade 2 or lower (respectively, 53.02% 
vs 50.72%; p = 0.0047; Fig. 1). Significantly lower ICW% 
values were observed 4 days before the identification of OM 
grade 3 in patients. In the same, fourth, week of follow‑up, 
significantly lower ECW% values were found in patients 
with OM grade 3 or higher compared to those, in which 
OM was classified as grade 2 or lower (respectively, 47.95% 
vs 46.92%; p = 0.0020; Fig. 1). Significantly higher ECW% 
values were observed 5 days before the identification of OM 
grade 3 in patients.

Similar correlation: higher values in patients with 
OM grade 3 or higher were observed in case of: TBW% 
parameter (respectively, 56.34% vs 51.06%; p = 0.0455; 
Fig. 1); indicators: ECW/ICW (respectively, 0.96 vs 0.86; 
p = 0.0007; Fig. 2) and ECW/TBW (respectively, 0.49 vs 
0.46 p = 0.0033; Fig. 2). Significantly higher TBW% values 
occurred 4 days before the identification of OM grade 3 in 
patients.

Fig. 1  Comparisons of ECW (%), ICW (%) and TBW (%) values 
depending on OM degree measured by BIA before 4 weeks of RTH
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In other weeks of observation, i.e., from first to third and 
from fifth to seventh, no statistically significant differences 
in the studied patient hydration parameters depending on the 
OM grade of advancement were found.

No statistically significant differences were observed in 
relation to age, fitness level, histopathological finding, stage 
of disease, neoplasm location, smoking or abuse of alcohol, 
application of chemotherapy and the levels of selected labo‑
ratory parameters: transferrin, prealbumin and total protein, 
body weight and BMI depending on the intensity of OM in 
subsequent weeks of follow‑up. Only in the case of albumin 
in the first week of radiotherapy, higher albumin values were 
observed in patients with OM grade lower than 2 (respec‑
tively, 3.46 vs 3.31, p = 0.0331).

No statistically significant differences in the distribution 
of patient hydration parameter values were observed in rela‑
tion to such factors as: age, fitness level, histopathological 
finding, stage of disease, neoplasm location, smoking or 
abuse of alcohol, application of chemotherapy and the week 
in which the assessment was made (seven consecutive weeks 
of radiotherapy).

Discussion

Despite the known risk factors such as older age and male 
gender, poor oral hygiene, higher total dose of radiation, 
smoking, systemic disease, more aggressive RTH method 
and combined radiochemotherapy, no factors have been 
identified so far that would allow for precise estimation of 
the risk of occurrence of OM and the degree of its intensity 
[4].

In our study, we used BIA to assess the state of fluid 
volume of HNC patients in the course of RTH and we 

demonstrated that there is a correlation between the hydra‑
tion and OM intensity.

We demonstrated that, in the course of RTH, there occur 
changes in the values of ICW, ECW, TBW as well as ECW/
ICW and ECW/TBW. We observed that, in the fourth week 
of radiotherapy, in patients with severe OM (grade 3 or 
higher) ICW values were lower, while ECW, TBW as well 
as ECW/ICW and ECW/TBW were significantly higher than 
in patients with OM grade 0–2.

To our knowledge, this is the first study involving patients 
subjected to radiotherapy due to HNC, in which the hydra‑
tion status was evaluated using BIA We are the first to dis‑
cuss the behavior of hydration in extracellular spaces and we 
confirmed the existence of strict correlation between hydra‑
tion and OM intensity. It is also the first study, in which the 
accurate evaluation of hydration was performed using BIA 
once a week throughout the duration of RTH (at beginning 
every week and then almost every day).

The mechanism of action of ionizing radiation is based 
on cell, tissue and blood vessel damage directly through 
the activity of reactive oxygen species (ROS) or indirectly 
through a cascade of reactions with the involvement of pro‑
inflammatory cytokines [2]. Immediately after the applica‑
tion of ionizing radiation, there occurs DNA breakage in 
epithelial cells. This releases ROS which affect other tis‑
sues to stimulate transcription factors (NFκB) in subsequent 
phases [2]. In the next phase, the activated NFκB enhances 
the production of TNFα, IL‑1β, and IL‑6, and their activ‑
ity causes apoptosis and tissue damage. At the same time, 
DNA breakage and ROS stimulate the production of sphin‑
gomyelinase and/or ceramide synthase and, by fibronectin 
breakup, activate macrophages and MMPs. This leads to fur‑
ther damage of tissues and enhances apoptosis. In the next 
phase, the so‑called amplification, the feedback phenomenon 
can be observed. The damaged tissues intensify the activity 
of TNFα, IL‑1β, IL‑6 and, through caspase and ceramide 
pathway activation, also MMPs and NFκB, which leads to 
further tissue damage. In consequence, serious tissue dam‑
age occurs including the loss of epithelium integrity [2].

It is well known, inter‑alia on the basis of many stud‑
ies with dialyzed subjects, that there is a strict correlation 
between the inflammation involving TNFα, IL‑1β, IL‑6 and 
MMPs and hydration changes [9–11]. In a cross‑sectional 
study, including 159 patients subjected to peritoneal dialysis, 
Unal et al. [19] demonstrated that in hypervolemic patients 
compared with euvolemic patients, hs‑CRP value levels were 
significantly higher. The ECW/TBW ratio positively corre‑
lated with hs‑CRP. While Jacobs et al. [20] observed that 
serum concentrations of cardiac troponin T, high‑sensitive 
C‑reactive protein, brain natriuretic peptide and N‑terminal 
proBNP were significantly correlated, showing a complex 
link between overhydration, malnutrition, inflammation and 
cardiac biomarkers in dialyzed patients. In a study involving 

Fig. 2  Comparisons of ECW/ICW and ECW/TBW values depending 
on OM degree measured by BIA before 4 weeks of RTH



619Clinical and Translational Oncology (2019) 21:615–620 

1 3

99 thousand patients, ECW was significantly higher, while 
ICW was lower in the group of patients with the presence 
of medically unexplained symptoms than in group without 
symptoms, and ECW correlated positively with serum hs‑
CRP [21].

One of the reasons of occurrence of hydration distur‑
bances in the course of inflammation is the degradation of 
glycocalyx. Administration of TNFα for 10 min at a con‑
stant rate of 4 ng/ml perfusate causes massive destruction 
of the glycocalyx in isolated animal heart preparations [22]. 
Also in a prospective cohort study in trauma patients, it was 
demonstrated that a high level of circulating syndecan‑1, 
a marker of endothelial glycocalyx degradation, was cor‑
related with high levels of IL‑6, IL‑10 [23]. Glomerular 
endothelial cell glycocalyx is destroyed by ROS disrupted 
through a direct mechanism of action without affecting the 
glycosaminoglycan biosynthetic pathway [24]. Glycoca‑
lyx degradation takes place through the action of MMPs 
activated by proinflammatory cytokines [24]. In a study 
involving hemodialyzed patients, MMPs and IL6 were sig‑
nificantly linked with ECW/TBW, which confirms the cor‑
relation between endothelial injury and fluid overload [25].

The changes in hydration during inflammation also occur 
through changes in aquaporin function. In an in vitro study 
performed on human bronchial epithelial cells (BEAS‑2B), 
Mezzasoma et al. [27] demonstrated that, in inflammation, 
TNFα induced a decrease of atrial natriuretic peptide, natriu‑
retic peptide receptor‑1, aquaporin‑1 and aquaporin‑5 and 
an increase of brain natriuretic peptide with involvement of 
different NFκB and mitogen‑activated protein kinases sign‑
aling pathway activation.

Despite a large quantity of data, the complete patho‑
physiological mechanism of occurrence of fluid overload 
in patients with the symptoms of inflammation has not 
been fully understood [20, 26]. The studies mainly concern 
dialyzed patients, while there are no studies analyzing the 
reasons and mechanisms of hydration changes in irradiated 
patients. Studies on animals only demonstrated that, after 
the whole‑body irradiation using sublethal dose, there occur 
changes in TBC, EBW, plasma volume, plasma sodium con‑
centration and hemoconcentration [28].

In our study performed in irradiated HNC patients, we 
observed the development of OM and changes of ECW, ICW 
and TBW. We also demonstrated a significant correlation 
between OM and ECW/TBW. It is important because ECW/
TBW is an important indicator of hydration [18]. The fluid 
overload we observed in the study subjects may result from 
the damage of glycocalyx by TNFα, ROS, MMPs or IL‑6 or 
from aquaporin function disorder. However, the confirma‑
tion of these correlations requires further studies.

In the study, we have used BIA, a well‑established 
method of evaluation of the state of nutrition and hydration 
[13–17]. Although the values of ICW and ECW and ECW/

ICW index merely provide information about particular 
water compartments, the ECW/TBW ratio is regarded as 
the most important hydration index established by the BIA 
method [18]. Because ECW/TBW values may be influenced 
by age and sex [29], the study involved a group of patients 
uniform in respect to sex and quite uniform in respect of age 
(median 64 years ± 8).

Our study confirmed that the BIA method is a highly sen‑
sitive and specific method of evaluating hydration in HNC 
patients subjected to RTH. From the clinical point of view, 
it is important that the BIA method is relatively inexpensive, 
easily accessible and possible to perform in any hospital.

The limitation of the study was a small number of 
patients. However, the group was quite homogeneous in 
terms of sex, age, HNC location, the stage of progression 
and the treatment method. A big advantage was the fact that 
BIA examination was carried out several times: at baseline 
and in each week of RTH.

Our study has demonstrated that statistically significant 
changes in hydration occur 4–5 days before the manifes‑
tation of severe OM. We did not observe any changes in 
body weight, edemas or other clinical symptoms of fluid 
overload at that time. The fact that the changes in hydration 
parameters precede severe OM, which occurs a few days 
later, has enormous clinical implications. It shows that the 
application of BIA in daily clinical practice in irradiated 
HNC patients would facilitate the selection of patients with 
increased risk of OM and the implementation of treatment 
before the occurrence of symptoms. Knowing the possible 
causes of fluid overload, including the damage of glycoca‑
lyx, in the future, it may be justified to use medicines with 
potential glycocalyx protection activity, e.g., polyethylene 
glycol, adenosine agonists, TNF‑A inhibitors, allopurinol, 
heparin, hyaluronan and glucocorticoids [30].

To sum up, our study has proved that HNC patients 
undergo changes in hydration in the course of radiotherapy. 
We have also confirmed that the intensification of OM leads 
to ICW decrease and the increase of ECW, TBW as well as 
ECW/ICW and ECW/TBW values.

Additionally, we have demonstrated that changes in 
hydration occur several days before the clinical manifesta‑
tion of severe OM. The BIA method applied by us for the 
first time in a group of HNC patients turned out to be an 
effective tool for the evaluation of hydration as a predic‑
tive factor of severe OM. Further observations are needed 
to implement the BIA as a diagnostic tool in prediction of 
severe OM in this group of patients in clinical practice.
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