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Abstract

Background Malnutrition and cachexia are frequent among head and neck cancer (HNC) patients and these syndromes are
associated with both poor quality of life and unfavorable disease prognosis. Unfortunately, there are still no established bio-
markers that could predict the development of cachexia. Among potential molecular alterations related to cancer cachexia,
there are single-nucleotide polymorphisms (SNPs) within genes encoding pro-inflammatory cytokines such as TNF-a.
The aim of the study To investigate TNF-a —1031T/C SNP as a risk factor of cachexia in 62 HNC patients subjected to
radiotherapy. DNA was isolated from whole blood samples and genotyping was conducted using real-time PCR method by
means of TagMan SNP Genotyping Assay. TNF-alpha Human ELISA Kit was used to determine TNF-a concentration in
each extracted plasma sample. Moreover, the relationship between genotype variants of TNF-a and plasma level of TNF-a
was examined. Detailed clinical-demographic and nutritional data were collected from each study participant.

Results CC genotype carriers were at a significantly higher risk of being qualified as cachectic compared with other geno-
type carriers (p =0.044; HR =3.724). Subjects, who carried CC genotype had significantly lower body mass compared
to patients with TT and CT genotype (p=0.045). Moreover, CC individuals had the highest TNF-« plasma level (median
10.70+£0.72 pg/mL, p=0.006) among the studied cases. We also noted, that CC genotype carriers had significantly higher
risk of early death incidence compared to other genotype carriers [overall survival (OS): 28 vs 38 months (HR =3.630,
p=0.013)].

Conclusion Despite the differences between SGA and NRS scoring, the presence of CC genotype could be a useful objective
marker allowing for the prediction of cachexia development in both parenterally nourished and non-parenterally nourished
patients. Patients with CC genotype had also the highest risk of early death incidence; therefore, such individuals should be
qualified for parenteral nutrition and supportive care at the time of diagnosis to improve further therapy outcomes. Moreover,
this is the first study demonstrating the relationship between TNF-a —1031T/C polymorphism and plasma level of TNF-a.
This is also the first paper investigating the role of TNF-a —1031T/C in cancer cachexia.
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Introduction

The majority of head and neck cancers (HNC) represent
a heterogeneous group of squamous-cell-type tumors
located in the area of upper aerodigestive tract mucosa.
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HNC is the sixth most common cancer worldwide with
approximately 600,000 new cases diagnosed annually
resulting in more than 350,000 deaths every year (Siegel
et al. 2016; Sanderson and Ironside 2002). The anatomic
location of the tumor usually impedes or inhibits proper
patient nutrition; hence, problems with proper ingestion
are noted in even up to 50% of HNC patients. In such indi-
viduals, undernutrition is frequently present at the time of
diagnosis and it can be the first observable symptom of the
disease. Despite the fact that most HNC patients undergo
radical surgery, radiotherapy, chemotherapy or a combina-
tion of these methods, they experience side-effects of the
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applied therapy, which further contribute to the develop-
ment of malnutrition (44-88% of HNC patients) (O’Neill
and Shaha 2011; Alshadwi et al. 2013; Unsal et al. 2006).
Moreover, both malnutrition and noted nutritional deficits
have a significant negative impact on the patients’ qual-
ity of life and contribute to higher cancer mortality rate.
The following symptoms are frequently observed in HNC
patients: dysphagia, anorexia, fatigue, and muscle weak-
ness secondary to cancer cachexia. Cachexia is a complex
multifactorial syndrome strongly associated with severe
metabolic abnormalities characterized by skeletal mus-
cle loss and increased lipolysis that cause weight loss of
various degrees. Cachexia is usually accompanied by ano-
rexia and related to overproduction of pro-inflammatory
cytokines, such as interleukins and tumor necrosis fac-
tor (TNF). The above-mentioned fact emphasizes crucial
role of the inflammatory response in the pathogenesis
of cachexia (Alshadwi et al. 2013; Gorenc et al. 2015;
Ravasco et al. 2003; Tisdale 2009). Currently, the molecu-
lar background of cachexia is still unknown, and there-
fore, it is difficult to identify patients who are likely to be
cachectic.

Among potential mechanisms involved in the develop-
ment of cachexia, the primary initial process is probably
the systemic inflammatory response followed by increased
production of pro-inflammatory cytokines, such as TNF-
o. Multiple biological activities of TNF-o were found in
numerous physiological states, including the regulation of
cell differentiation, proliferation, apoptosis and metabolism
(Locksley et al. 2001; Bazzoni and Beutler 1996). On the
other hand, TNF-a was also recognized as a significant
regulator of both inflammatory and autoimmune diseases
and, moreover, it was implicated in inflammatory-associated
tumors and the development of cachexia (Gorenc et al. 2015;
Beutler 1999). Up until now, several functional single-nucle-
otide polymorphisms (SNPs) within TNF-a gene have been
identified and described as cancer related genetic alterations.
The most important ones seem to be SNPs located within
the promoter of TNF-a because of their ability to regulate
gene expression and, consequently, the expression of the
TNF-a protein. Among frequently investigated SNPs, the
-308 G/A and -238 G/A are potentially involved in tumor
aggressiveness, prognosis and risk of malnutrition (Hajeer
and Hutchinson 2000; Liu et al. 2005; Hu et al. 2014). There
are only few data concerning the role of TNF-a —1031T/C
SNP (rs1799964) in the regulation of systemic inflammatory
response; however, the latest studies have demonstrated the
role of this SNP as cachexia related genetic alteration (Johns
et al. 2017; Nourian et al. 2017). The significant role of the
systemic inflammatory response mediated by TNF-« in the
etiopathology of cachexia encourages investigating SNPs of
TNF-a as cachexia related risk factors. The aim of the study
was the investigation of TNF-a —1031T/C as a cachexia risk
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factor as well as the assessment of the correlation between
TNF-a —1031T/C and plasma TNF-a concentration in HNC
patients.

Materials and methods
Study group

62 HNC therapy naive patients scheduled to radical radi-
otherapy (RTH) (51 male and 11 female; median age:
63 £ 8.2 years) were enrolled in the study group. All patients
were diagnosed and treated between 2014 and 2015 at the
Department of Oncology, Medical University of Lublin.
In the studied individuals, alcohol consumption level was
evaluated using International Statistical Classification of
Diseases and Related Health Problems (ICD). The 7th edi-
tion of TNM scale was used to assess the disease stage.
The patients’ performance status was assessed according
to the Eastern Cooperative Oncology Group—World Health
Organization (ECOG-WHO) scale (from 0 to 5; with 0
denoting perfect health and 5 deaths). ECOG-WHO scale
assesses how a patient’s disease is progressing and how the
disease affects the daily living capabilities of the patient.
The detailed clinical and demographic characteristics of the
patients are summarized in Table 1. The ONCOR (Siemens)
linear accelerator was applied for the radical radiotherapy
with the administration of the total doses of 66—70 Gy (daily
dose of 2 Gy using IMRT technique).

Nutritional status of the studied patients was estimated
using Subjective Global Assessment (SGA) scale prior to
hospitalization (during physical examination). The SGA
evaluation included: weight history, food intake, gastroin-
testinal symptoms and changes in functional capacity as well
as physical examination. The above-mentioned features were
classified as follows: normal (0 score), mild (1+), moderate
(2+) or severe (3+). Moreover, all patients were evaluated
with the use of NRS (Nutritional Risk Score, NRS 2002),
which takes into account the deterioration of nutritional
status, the severity of the disease and patient age. The
other studied parameters related to the assessment of the
nutritional status were as follows: BMI (Body Mass Index)
and laboratory test results (total serum protein, albumin,
transferrin and prealbumin levels) [BMI, total protein and
albumin were tested before the commencement of therapy
() and after the termination of therapy (VII)]. Summariz-
ing patients’ score and the results of both laboratory tests
and physical examination, the patients’ nutritional status
was defined. We divided patients into three groups: well-
nourished (A), moderately malnourished (B) and severely
malnourished (C) according to SGA scale. For the purpose
of statistical analysis, we compared the SGA-A vs SGA-B
and C as well as SGA-A and B vs SGA-C groups. Moreover,
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Table 1 Clinical-demographic characteristics and nutritional status
of studied patients

Factor Study group (n=62)
Gender
Male 51 (82.2%)
Female 11 (17.8%)
Age, median (range) 63 (42-87)
>63 32 (48.4%
<63 30 (51.6%)
Histopathological diagnosis
Squamous-cell carcinoma 57 (91.9%)
Other 58.1%)
Tumor location
Upper throat 17 (27.4%)
Lower throat 45 (72.6%)
Larynx 34 (54.8%)
Others 28 (45.2%)
T stage
T1 2 (3.2%)
T2 9 (14.5%)
T3 15 (24.2%)
T4 36 (58.1%)
N stage
Nx 2 (3.2%)
NO 18 (29%)
N1 6 (9.7%)
N2 32(51.6%)
N3 4 (6.5%)
M stage
Mx 3(75%)
M1 1(25%)
Disease stage
I 2 (3.2%)
I 12 (19.4%)
IVA 40 (64.5%)
IVB 3 (4.8%)
IvC 5(8.1%)
Performance status (PS)
<1 55 (88.7%)
>1 7 (11.3%)
Type of treatment
Surgery + RTH 28 (45.2%)
Surgery + chemoradiation 17 (27.4%)
RTH alone 7 (11.3%)
Induction CHTH + RTH 3 (4.8%)
Concurrent chemoradiation 7 (11.3%)
Alcohol consumption
Yes 28 (45.2%)
No 34 (54.8%)
Smoking status
Smoker 52 (83.9%)
Non-smoker 10 (16.1%)

Table 1 (continued)

Factor Study group (n=062)
Current smoker 45 (86.5%)
Former smoker 7 (13.5%)

Nutritional status
Parenteral nutrition

Yes 13 (21%)

No 49 (79%)
Weight (kg)

Mean +SD 65.63+11.93
BMI

Mean +SD 23.13+4.44

>18.5 52 (83.9%)

<18.5 10 (16.1%)
SGA

A 9 (14.5%)

B 29 (46.8%)

C 24 (38.7%)
NRS

2 42 (67.8%)

3 18 (29%)

4 2(3.2)
Total protein (g/L)

Median+SD 6.72+0.52
Albumin (g/L)

Median+SD 3.33+0.24
Prealbumin(g/dL)

Median+SD 0.20+0.08
Transferrin(g/L)

Median+ SD 2.50+0.60

patients assigned to B or C groups were considered as a
pre-cachectic or cachectic, respectively. All patients were
consulted by a medical professional, who reviewed the SGA
score with the patient to obtain answers to all questions
regarding nutritional status (PG-SGA; Patient-Generated
Subjective Global Assessment) and also completed physical
examination to assess muscle wasting, loss of body fat and
the presence of ankle and sacral edema and ascites.

The study was approved by the Bioethical Commission
of the Medical University of Lublin (KE-0254/232/2014).
All patients signed an informed consent prior to the study.

Genotyping and ELISA

DNA was isolated from whole blood samples using DNA
Blood Mini Kit (Qiagen, Canada). Genotyping was con-
ducted using real-time PCR method and TagMan SNP
genotyping assay with allele discriminating software. The
TagMan fluorescently labeled probes (Applied Biosystems,
USA) targeting the studied 7NF-a SNP and Genotyping
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Master Mix (ThermoFisherScientific, USA) were used for
DNA amplification in the StepOnePlus Real-Time PCR Sys-
tem (Applied Biosystems, USA). All genotyping steps were
conducted under the conditions of protocol provided by the
manufacturer.

Plasma TNF-a level was measured using TNF alpha
Human ELISA Kit Ultrasensitive (Thermo Fisher Scien-
tific, USA). The detection range was 0.2-32 pg/mL and the
sensitivity was equal to the minimal detectable dose of this
kit (<0.09 pg/mL).

Statistical analysis

Statistical analysis was conducted using MedCalc software
version 12.7 (MedCalc Software, Belgium). The Fisher’s
exact test and Chi-squared test were used to compare the
distribution of clinical-demographic and nutritional factors
among patients with different genotypes of TNF-a. Odds
ratio (OR) with 95% Confidence Interval (95% CI) test was
applied to assess risk of both genetic and clinical-demo-
graphic factors on nutritional status of patients. The differ-
ences in the analyzed factors among patients with differ-
ent nutritional status and different TNF-a genotypes were
analyzed by U Mann—Whitney rank sum test and ANOVA
Kruskal-Wallis test. One-way analysis of variance (one-way
ANOVA) was used to test the difference between the means
of several subgroups of a variable. Prior to the ANOVA test,
Levene’s test for equality of variances was performed. If
the ANOVA test was positive (p <0.05); then, a post hoc
test (Student—Newman—Keuls’ test) was conducted for pair-
wise comparison of subgroups. Kaplan—-Meier estimator and
Cox-regression model were applied to assess factors [with
hazard ratio calculation (HR)] affecting patients’ survival.
The results with over median score were considered as high,
whereas these below median range were assessed as low.
Results with p value of less than 0.05 were considered as
statistically significant.

Results

The following distribution of TNF-a —1031T/C was
achieved in the study group: CC in 6 patients (9.7% of
the study group), CT in 19 patients (30.6%) and TT in 37
patients (59.7%), respectively. Distribution of —1031T/C
genotype was within the Hardy—Weinberg equilibrium
(p=0.150). The median concentration of plasma TNF-a in
the whole studied group was 9.62+1.59 pg/mL.

First, we assessed the factors affecting the risk of malnu-
trition or cachexia according to SGA scale. We found that
patients with performance status (PS) score greater than
or equal to 1 point according to ECOG-WHO scale who
simultaneously demonstrated weight loss of at least 5% of
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total body mass (BM) or carried CC genotype had higher
risk of being assessed as cachectic compared to other cases
(»=0.019; OR=3.724 and p=0.044; OR=9.737, respec-
tively). C allele carriers (CC or CT genotype) also had over
13-fold higher risk to be assigned to SGA-C group com-
pared to TT homozygous subjects (p =0.0001). The fac-
tors affecting the risk of either malnutrition or cachexia
are presented in Table 2. Subsequently, we divided patients
into two groups regarding the use of parenteral nutrition
intervention [parenterally nourished patients (PN) and
patients without parenteral nutrition (WPN)], and then, we
compared the distribution of nutritional and genetic factors
between the studied cases. SGA-C patients were more often
parenterally treated compared with SGA-A and/or SGA-B
patients (p =0.045). During the course of RTH, the PN
patients increased their BM and BMI compared to WPN
cases (p=0.015 and p=0.030, respectively) and also had
significantly higher total plasma protein (TP) concentra-
tion (p =0.043). As regards the examined factors, PN sub-
jects had significantly higher TNF-a plasma concentration
(»p=0.015) and more frequently carried CC genotype (4
patients; p=0.015) (Supplementary file 1).

Secondly, we examined the distribution of TNF-a geno-
type according to both clinical-demographic and nutritional
factors in the studied patients. We did not find any correla-
tion between clinical-demographic features and the studied
SNP (Supplementary file 2); however, we noted a correlation
between the distribution of 7TNF-a SNP and the nutritional
status of the studied patients. The subjects who carried CC
genotype had significantly lower BM compared with both
TT and CT genotype carriers (p=0.045). A similar trend
was observed in patients with the presence of C allele (CC
or CT) compared to homozygous TT subjects (p =0.044;
median: 58 vs 64 kg, respectively). Moreover, homozygous
CC subjects had the lowest plasma TP and albumin concen-
tration among the studied patients (p =0.036 and p =0.048,
respectively). Similar results were observed in patients with
C allele positivity compared with TT carriers. Moreover,
CC patients had the highest TNF-a plasma level (median:
10.70+0.72 pg/mL, p=0.006) among studied cases. CC and
CT cases analyzed together had significantly higher TNF-a
concentration compared to TT patients (p =0.0015; median
9.98 vs 9.08 pg/mL, respectively). Genotype distribution of
TNF-a —1031T/C according to patients’ nutritional factors
is shown in Table 3. Similar results were obtained for com-
parison of means. However, this way of analysis was more
powerful in discriminating CC genotype as unfavorable
factor affecting the nutritional status of the studied patients
(Table 4). We also examined the effect of studied polymor-
phism on the nutritional status of the studied group includ-
ing separate analysis for PN and WPN patients (Table 5).
Patients with CC genotype and patients with either CC or
CT genotype (C allele carriers) were at a significantly higher
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Table 2 Impact of the clinical-demographic, nutritional and genetic factors on the SGA scoring
Factor A Band C p OR [95% CI] A and B C p OR [95% CI]
SGA
Gender
Male 7 (13.7%) 44 (86.3%) 0.705 32 (62.6%) 19 (37.4%) 0.614
Female 2(182%) 9 (81.8%) 0.716 [0.127-4.03] 6 (54.5%) 5 (45.5%) 1.404[0.377-5.231]
Age (years)
>63 7 (21.9%) 25 (78.1%) 0.107 20 (62.5%) 12 (37.5%) 0.840
<63 2(6.7%) 28 (93.3%)  3.92[0.744-20.65] 18 (60%) 12 (40%) 1.111 {0.40-3.09]
Performance status (PS)
<1 9(164%)  46(83.6%)  0.456 36(65.5%) 19 (34.5%)  0.08
>1 0 7 3.065 [0.161-58.35] 2 (28.6%) 5(71.4%) 4.737 [0.839-26.76]
Histopathological diagnosis
Squamous-cell carcinoma 8 (14%) 49 (86%) 0.718 33 (57.9%) 24 (42.1%) 0.165
Others 1 (20%) 4 (80%) 0.653 [0.064-6.614] 5 0 0.124 [0.007-2.355]
Disease stage
[ and III 2(143%)  12(85.7%)  0.978 10 (71.4%) 4 (28.6%) 0.380
v 7 (14.6%) 41 (85.4%) 0.976 [0.179-5.333] 28 (58.3%) 20 (41.7%) 1.786 [0.490-6.512]
Tumor location
Upper throat 3(17.6%) 14 (82.4%)  0.668 13 (76.5%) 4 (23.5%) 0.139
Lower throat 6(13.3%)  39(86.7%)  1.39310.306-6.333]1  25(55.6%) 20 (44.4%)  2.000[0.733-9.217]
Larynx 5(147%)  29(853%)  0.963 19 (55.9%)  15(44.1%)  0.337
Others 4(143%)  24(857%)  1.035[0.250-4.287] 19(67.9%) 9 (32.1%) 0.600 [0.212-1.702]
Alcohol consumption
Yes 4(143%)  24(85.7%)  0.963 14 (50%) 14 (50%) 0.101
No 5 (14.7%) 29 (85.3%) 0.967 [0.233-4.001] 24 (70.6%) 10 (29.4%) 0.417 [0.147-1.185]
Smoking status
Smoker 8 (154%) 44 (84.6%)  0.661 31(59.6%) 21 (40.4%)  0.539
Non-smoker 1(10%) 9 (90%) 1.636 [0.182-14.75] 7 (70%) 3 (30%) 0.633 [0.147-2.729]
Concurrent CTH
Yes 2 (8.3%) 22 (91.7%) 0.284 13 (54.3%) 11 (45.7%) 0.362
No 7(184%)  31(81.6%)  0403[0.076-2.125]  25(658%) 13 (34.2%)  0.615[0.216-1.749]
BMI (I) All patients
<249 4 (10%) 37 (90%) 0.148 21 (51.2%) 20 (48.8%) 0.028
>25 5(23.8%)  16(76.2%)  0-346[0.082-1.4601  17(70.8%)  4(29.2%) 4.048 [2.160-14.12]
<18.5 1 (10%) 9 (90%) 0.661 4 (40%) 6 (60%) 0.141
>18.5 8(154%) 44 (84.6%)  0O611[0.068-55101  34(654%) 18 (34.6%)  0-353[0.088-1.414]
Weight loss (I vs VII)
All patients
<5% 2 (6.7%) 28 (93.3%) 0.107 23 (76.7%) 7 (23.3%) 0.019
>5% 721.9%)  25(78.1%)  0.255[0.043-1.344] 15 (46.9%) 17 (53.1%)  3.724[1.246-11.13]
<10% 4 (10%) 36 (90%) 0.137 22 (55%) 18 (45%) 0.175
>10% 5(25%) 15 (75%) 0.333 [0.078-1.416] 16 (72.7%) 6 (27.3%) 0.458 [0.149-1.414]
Genotype distribution of TNF-
a —1031T/C
cC 0 6 0.527 1(11.1%) 5(88.9%) 0.044
CT and TT 9(16.1%)  47(83.9%)  0.385[0.020-7.420]  37(66.1%)  19(33.9%)  9.737[1.061-89.40]
TT 9(243%)  28(75.7%)  0.055 31(83.8%)  6(16.2%) 0.0001
CT and CC 0 25 17.0 [0.941-306.99] 7 (28%) 18 (72%) 13.29 [3.862-45.70]
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Table 3 (Comparison of medians) TNF-a —1031T/C genotype distribution according to both clinical-demographic and nutritional factors of
studied patients

Factor (median + SD) CC CT TT )4 CT and CC TT P

TNF-a —1031T/C

Weight (kg) (I) all patients 55+11.64 60+7.07 64+9.01 0.042 58+7.83 64+9.01 0.044
Weight (kg) (I) men 61+8.21 63+7.43 69+10.99  0.049 61+7.06 69+10.99  0.012
Weight (kg) (I) women 53+8.72 55+9.52 62.5+9.65 0.133 53.5+8.24 62.5+9.65 0.045
Weight (kg) (VII) all patients 51+10.23 58 +8.67 60+9.76 0.389 58+9.02 60+9.76 0.322
Weight (kg) (VII) men 60+4.35 58+8.85 60+9.73 0.381 58.5+£8.22 60+9.73 0.350
Weight (kg) (VII) women 51+5.77 66 +8.49 55+10.03  0.090 51+11.64 55+10.03  0.840
BMI (I) all patients 19.95+4.49 22.83+4.59 23.54+4.07 0.122 22.71£4.74 23.54+£4.07 0.179
BMI (I) men 23.09+2.08 22.58+4.19 24.09+4.40 0.464 22.84+3.97 24.09+£4.40 0.429
BMI (I) women 17.96+3.73 20.85+3.23 21.43+3.73 0.186 19.95+7.45 21.43+3.73 0.093
BMI (VII) all patients 20.22+4.95 19.53+4.18 19.37+3.67 0.866 19.53£4.29 19.37+£3.67 0.908
BMI (VII) men 22.53+3.05 19.53+3.58 21.05+3.81 0.343 20.07+3.63 21.05+£3.81 0.860
BMI (VII) women 16.65+2.91 18.81+0.76 19.00£3.76 0.348 18.52+2.46 19.00£3.76 0.315
Transferrin (g/L) 2.80£0.47 2.50+0.61 2.50+0.60 0.279 2.60+£0.59 2.50+0.60 0.421
Prealbumin (g/dL) 0.3+0.05 0.2+0.08 0.2+0.08 0.355 0.25+0.08 0.2+0.08 0.178
TP (g/L) (1) 6.64+0.53 6.73+0.48 6.71+0.55 0.985 6.73+£0.48 6.71+£0.55 0.943
TP (g/L) (VII) 5.83+0.66 6.36+0.59 6.46+0.60 0.036 6.26+0.56 6.46+0.60 0.048
Albumin (g/L) (I) 3.19+0.13 3.26+0.20 3.38+£0.24 0.048 3.23+£0.19 3.38+0.24 0.047
Albumin (g/L) (VII) 2.98+0.62 3.11+£0.44 3.28+0.38 0.031 3.04+0.16 3.28+0.38 0.013
TNF-o plasma level (pg/mL) 10.70£0.72 9.76 +1.54 9.08 £1.49 0.006 9.98+1.37 9.08+1.49 0.0015

I Measurement conducted before the commencement of therapy, VII measurement conducted after the termination of therapy

Table 4 (Comparison of means) TNF-a —1031T/C genotype distribution according to both clinical-demographic and nutritional factors of stud-
ied patients

Factor (mean =+ SD) CC CT TT P CT and CC TT P

TNF-a —1031T/C

Weight (kg) (I) all patients 54.65+11.51 6243+11.29  66.22+11.65  0.043 60.72+11.32 66.22+11.65 0.042
Weight (kg) (I) men 62.0+10.0 63.76+11.29  67.87+11.65 0.238 63.65+11.21 67.87+11.65 0.198
Weight (kg) (I) women 49+11.51 62.67+10.69 75+11.28  0.043 58.11+11.03 75+11.28 0.049
Weight (kg) (VII) all patients 55.67+9.96 59.16+9.54 60.54+9.51 0.624 57.56+9.54 60.54+9.51 0.424
Weight (kg) (VII) men 60+10 5835+11.29  61.20+11.60 0.514 58.95+9.54 61.20+11.60 0.409
Weight (kg) (VII) women 47.67+9.97 65.0+9.35 57.17+9.81 0.148 54.6+9.42 57.17+9.81 0.694
BMI (I) all patients 19.58 +4.42 23.28+4.28 23.52+4.45 0.125 22.40+4.28 23.52+4.45 0.336
BMI (I) men 22.28 +4.31 22.76 +4.28 24.08 +4.47 0.492 22.69+4.28 24.08 +4.47 0.237
BMI (I) women 16.88+4.42 22.85+4.07 25.43+4.33 0.043 19.28 +4.37 2543+4.33 0.250
BMI (VII) all patients 20.22+3.96 20.66+3.91 20.05+3.91 0.851 20.55+3.91 20.05+3.91 0.609
BMI (VII) men 23.03+4.31 20.79+3.91 21.20+3.91 0.369 21.29+3.91 21.20+3.91 0.920
BMI (VII) women 16.41+3.96 19.84+3.87 20.12+3.96 0.134 17.78 +3.98 20.12+3.96 0.100
Transferrin (g/L) 2.78+0.40 2.58+0.60 2.45+0.59 0.255 2.58+0.60 2.45+0.59 0.400
Prealbumin (g/dL) 0.283+0.09 0.253 +0.08 0.231+0.08 0.262 0.261+0.08 0.231+0.08 0.945
TP (g/L) (I) 6.67+0.51 6.68 +0.50 6.70+0.52 0.985 6.68+0.50 6.70+0.52 0.866
TP (g/L) (VII) 5.69+0.72 6.40+0.66 6.53+0.65 0.002 6.18+0.66 6.53+0.65 0.150
Albumin (g/L) (I) 3.19+0.22 3.32+0.24 3.46+0.24 0.014 3.29+0.24 3.46+0.24 0.008
Albumin (g/L) (VII) 2.87+0.43 3.09+0.39 3.25+0.40 0.044 3.06+0.39 3.25+0.40 0.040
TNF-a plasma level (pg/mL) 10.83+1.34 9.67+1.60 9.31+1.57 0.002 10.71+1.60 9.31+1.57 <0.001

I measurement conducted before the commencement of therapy, VII measurement conducted after the termination of therapy
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Table 5 Impact of TNF-a —1031T/C gene polymorphism on the nutritional status of studied patients

Factor CC CTorTT p,OR[95% TT CTorCC p,OR[95%CI] CT CCorTT p,OR [95% CI]
CI]

SGA

All patients

A 0 9 0.527 9 0 0.055 0 9 0.108

B and C 6 (11.3%) 47(88.7%) 0-385[0.020- 28 (52.8%) 25 47.2%) 17000941~ 19 (358%) 34 (64.2%) 0-093[0.005-
7.420] 306.99] 1.688]

Aand B 1(26%) 37(97.4%) 0.044 31 (81.6%) 7(18.4%) 0.0001 6 (15.8%) 32 (84.2%) 0.0023

C 5(20.8%) 19(79.2%) 9737[1.061- 6 (25%)  18(75%) 1329[3.862- 13(542%) 11 (45.8%) 0-159[0.048-
89.40] 45.70] 0.519]

SGA

Without paren-

teral nutrition

A 0 8 0.963 8 0 0.094 0 8 0.123

B and C 2(49%) 39(95.1%) 0929[0.041- 24 (58.5%) 17 (41.5%) 12:1410.657= 15 36.6%) 26 (63.4%) 0-101[0.005~
21.16] 224.57] 1.865]

A and B 1(29%) 33(97.1%) 0.554 27 (19.4%) 7(20.6%) 0.003 6(17.6%) 28 (82.4%) 0.005

C 1(67%) 14(933%) 042410025~ 5(333%) 10(66.7%) 7-71411.984= 9 60%)  6@40%)  0.14310.037-
7.272] 29.99] 0.556]

SGA

Parenterally

nourished

A 0 1 0.790 1 0 0317 0 1 0.790

Band C 4(333%) 8(66.7%) 0:630[0.021-  4333%) 8(66.7%) S:06710.189— 4(333%) 8(66.7%) 0-630[0.021-
18.84] 169.54] 18.84]

A and B 0 4 0.218 4 0 0.023 0 4 0.218

C 4(444%) 5(55.6%) 0.136[0.006- 1 (11.1%) 8(88.9%) SLOMLT05-  4444%) 5(556%) 0-136[0.006-
3.254] 1525.9] 3.254]

NRS

All patients

2 and 3 6(10%)  54(90%) 0.747 37 (61.7%) 23 (38.3%) 0.186 17 (283%) 43 (71.7%) 0.110

4 0 ) 0.596 [0.026- ) 7.979 [0.367- o 0 0.080 [0.04—
13.83] 173.59] 1.762]

2 0 42 0.015 31(73.8%) 11(26.2%) 0.002 11 (262%) 31(73.8%) 0.273

3and 4 6(30%) 14(70%) 38:10012.019- 6 @30%) 14 (70%) ©6-57612.025- §40%)  12(60%) 0-532[0.172-
719.04] 21.36] 1.645]

NRS

Without paren-

teral nutrition

2 and 3 2(42%) 46(95.8%) 0.299 32(66.7%) 16 (33.3%) 0.285 14 (29.2%) 34 (70.8%) 0.237

4 0 1 0.161 [0.005- 1 5909 [0.228- 0 0.140 [0.005-
5.052] 153.17] 3.646]

2 0 34 0.107 26 (76.5%) 8(23.5%) 0.017 8(23.5%) 26(76.5%) 0.112

3 and 4 2(13.3%) 13(86.7%) 0-07810.004— ¢ 40%)  9(60%)  4875[1.326-  7467%) 8(53.3%) 0.352[0.097-
1.739] 17.92] 1.274]

NRS

Parenterally

nourished

2and 3 4(33.3%) 8(66.7%) 0.790 5@1.7%)  7(583%) 0.648 325%)  9(75%) 0230

4 0 1 1.588 [0.053— 1 2.200 [0.075- 0 0.123 [0.004—
47.52] 64.91] 3.782]

2 0 8 0.023 5(62.5%) 3(37.5%) 0.08 3(37.5%) 5(62.5%) 0512

3 and 4 4(80%) 1(20%) 0.020 [0.0- 0 5 17.29 [0.712- 4 (20%) 4 (80%) 2.40 [0.175-
0.587] 419.95] 32.88]

BMI (I)

All patients
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Table 5 (continued)

Factor cC CTorTT p,OR[95%  TT CTorCC p,OR[95%CI] CT CCorTT p, OR [95% CI]
cI
<249 (Nand 5(12.2%) 36 (87.8%) 0.366 22(53.7%) 19 (46.3%) 0.181 14 (34.1%) 27 (65.9%) 0.406
UwW) 2.778 [0.303- 0.463 [0.150— 1.659 [0.503—
>250(0W) 1(4.8%) 20(952%) 2546] 15(71.4%) 6(28.6%)  1:431] 5(23.8%) 16(76.2%) 4731
<18.5(MUW) 3(30%) 7(70%)  0.033 4(40%)  6(60%)  0.176 330%)  7(70%)  0.962
>185(Nand 3(5.8%) 49 (94.2%) 7.0[1.174- 33(63.5%) 19 (36.5%) 0-384[0.096- 16 (30.8%) 36(69.2%) 0.964[0.221-
ow) 41.74] 1.534] 4.216]
BMI (I)
Without paren-
teral nutrition
<249 (Nand 1(3.1%) 31(96.9%) 0.648 19 (59.4%) 13 (40.6%) 0.237 12 (37.5%) 20 (62.5%) 0.160
UwW) 0.516 [0.030— 0.450 [0.120— 2.80 [0.665—
>25.0(OW) 1(5.9%) 16(94.1%) 8.805] 13 (76.5%) 4(23.5%)  1.691] 3(17.6%) 14 (82.4%) 11.79]
<185 (@MUW) 0 7 0.962 4(57.1%) 3(42.9%) 0.626 3(42.9%) 4(57.1%) 0.453
>18.5(Nand 2 (4.8%) 40(952%) 280[0.665-  28(66.7%) 14 (33.3%) 0.667[0.131- 17 (28.6%) 30 (71.4%) 1.875[0.364—
ow) 11.79] 3.398] 9.665]
BMI ()
Parenterally
nourished
<249 (Nand 4(44.4%) 5(55.6%) 0218 3(333%) 6(66.7%) 0.571 2(222%) 7(77.8%) 0.328
uw) 7.364 [0.307— 0.50 [0.045- 0.286 [0.023—
>25.0(OW) 0 4 176.42] 2(50%)  2(50%) 5.514] 2(50%)  2(50%) 3.524]
<18.5(UW) 3 0 0.030 0 3 0.232 0 3 0.333
>185®Nand 1(10%) 9(90%)  4433[1.440-  5(50%) 5(50%)  0-143[0.006- 4 40%) 6(60%)  0.206[0.008-
ow) 1365.15] 3.471] 5.051]
BMI (VII)
All patients
<249 (Nand 6(12.5%) 42(87.5%) 0.320 28 (58.3%) 20 (41.7%) 0.690 14 (29.2%) 34 (70.8%) 0.641
Uw) 4.435[0.235- 0.778 [0.226— 0.741 [0.211-
>250(O0W) 0 14 83.70] 9(64.3%) 5(357%)  2:673] 5(35.7%) 9(64.3%)  2:608]
<18.5(UW) 5(33.3%) 10(66.7%) 0.006 8(53.3%) 7(46.7%) 0.566 2(133%) 13 (86.7%) 0.111
>185MNand 1(2.1%) 46(97.9%) 230[2416— 29 (61.7%) 18 (38.3%) 0.709[0.220— 17 (36.2%) 30 (63.8%) 0-27210.055-
ow) 218.95] 2.291] 1.349]
BMI (VII)
Without paren-
teral nutrition
<249 (Nand 2(5.1%) 37(94.9%) 0.832 26 (66.7%) 13 (33.3%) 0.693 11 (28.2%) 28 (71.8%) 0.473
Uw) 1.40 [0.062— 1333 [0.319— 0.589 [0.139—
>25.0(OW) 0 10 31.47] 6(60%) 4 (40%) 5.570] 4(40%) 6 (60%) 2.499]
<18.5(UW) 2(16.7%) 10(83.3%) 0.07 8 (66.7%) 4(333%) 0.909 2(16.7%) 10(83.3%) 0.240
>185Nand 0 37 17.86 [0.794— 24 (64.9%) 13 (35.1%) 1.08310.273— 13(35.1%) 24 (64.9%) 0.370[0.070-
ow) 401.41] 4.293] 1.945]
BMI VII
Parenterally
nourished
<249 (Nand 4(44.4%) 5(55.6%) 0218 2(222%) 7(77.8%) 0.094 3(333%) 6(66.7%) 0.765
Uw) 7.364 [0.307- 0.095 [0.006— 1.50 [0.106—
>25.0(0OW) 0 4 176.42] 3(75%) 1(25%) 1.498] 1(35%)  3(75%) 21.31]
<185 (UW) 3 0 0.030 0 3 0.232 0 3 0.333
>185©Nand 1(10%) 9(90%)  4433[L440-  5(50%) 5(50%)  0-143[0.005- 4 40%) 6(60%)  0.206[0.008-
ow) 1365.15] 3.471] 5.051]
Weight loss (I
vs VII)
All patients
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Table 5 (continued)

Factor cC CTorTT p,OR[95%  TT CTorCC  p,OR[95%CI] CT CCorTT  p, OR [95% CI]
CI]

<5% 4(13.3%) 26(86.7%) 0.356 18 (60%) 12 (40%)  0.960 8(26.7%) 22(73.3%) 0.511

> 5% 2(62%) 30(93.8%) 230810.390-  19(59.4%) 13 (40.6%) 1026 [0.372— 11 (34.4%) 21 (65.6%) 0-694[0.234—
13.64] 2.833] 2.064]

<10% 5(12.5%) 35(87.5%) 0331 22(55%) 18 (45%) 0314 13 (32.5%) 27 (67.5%) 0.670

>10% 1(4.5%) 21(955%) 300[0328-  15(682%) 7(31.8%) 0570[0.191-  6273%) 16(72.7%) 1.284[0.407-
27.46] 1.70] 4.047)

Weight loss (1

vs VII)

Without paren-

teral nutrition

<5% 2(9.1%) 20(90.9%) 0.227 14 (63.6%) 8 (36.5%) 0.825 6(27.3%) 16 (72.7%) 0.648

> 5% 0 27 6.70710.305- 18 (66.7%) 9 (33.3%) 0-875[0.269- 9 (333%) 18(66.7%) 0-750[0.219—
147.38] 2.851] 2.574]

<10% 2(6.5%) 29(93.5%) 0.469 18 (58.1%) 13 (41.9%) 0.169 11 (35.5%) 20 (64.5%) 0.336

>10% 0 18 3136 [0.143- 14(77.8%) 4(22.2%) 0396[0.106-  4(222%) 14 (77.8%) 1:92510.508-
69.02] 1.482] 7.298]

Weight loss (I

vs VII)

Parenterally

nourished

<5% 2(025%) 6(15%)  0.571 4(50%)  4(50%) 0295 2025%)  6(15%)  0.571

> 5% 240%) 3(60%) 03000045~ 1 20%) 4@80% 40000299~ 3@40%)  3(60%)  0-50[0.045-
5.514] 53.47] 5.514]

<10% 3(33.3%) 6(66.7%) 0.765 4(44.4%) 5(55.6%) 0512 2(222%) 7(77.8%) 0.328

>10% 125%) 3(75%)  1S000.106- 1059y  3(75%)  24000.175- 2(50%)  2(50%)  0.286[0.023-
21.31] 32.88] 3.524]

I Measurement conducted before the commencement of therapy, VII measurement conducted after the termination of therapy, UW underweight,

OW overweight, N normal

risk of developing cachexia compared to other patients
(p=0.044; OR=9.737 and p=0.0001; OR =13.29, respec-
tively). This correlation with C allele positivity was also
observed in PN and WPN patients (p=0.003; OR=7.714,
p=0.023; OR =51.0, respectively). Moreover, homozygous
CC were at an over 38-fold higher risk of scoring 3 or 4
points according to NRS compared to other genotype carri-
ers (p=0.015). C allele positivity also assigned both PN and
WPN patients to higher NRS scoring. During the therapy,
CC subjects had a significantly higher risk of BMI reduc-
tion (< 18.5) compared to CT and TT patients (p =0.030;
OR =44.33 and p=0.006; OR =23.0).

Finally, we examined the impact of both nutritional and
studied factors on patients’ survival. Patients carrying CC
genotype had significantly higher risk of early death and they
also demonstrated significantly shorter overall survival (OS)
[28 vs 38 months (HR=3.630 [0.612-21.55]), p=0.013)]
compared to other genotype carriers (Fig. 1a). Analyz-
ing OS for C allele carriers, similar results were observed
compared to homozygous TT subjects. CC and CT patients
analyzed together had significantly shorter OS compared
to TT patients (median OS: 31 vs 38 months; HR =2.508
[1.004-6.267], p=0.0395) (Fig. 1b). Factors affecting

patients’ survival are summarized in Table 6. Cox-regression
model including all the patients’ data (demographic, clini-
cal, nutritional and genetic factors) discriminated PS and
CC genotype of TNF-a as most significant factors affecting
lower OS in the study group (overall model fit p=0.011)
(Table 6).

Discussion

Malnutrition and cachexia are common among HNC patients
and contribute to reduction of the quality of patients’ life,
poorer therapy outcomes and higher risk of early death.
Despite the recent advances in nutritional management, the
molecular background of cancer cachexia is still disputable.
The investigation of genetic factors, such as SNPs within
genes encoding the proteins that regulate the inflammatory
response still seems to be an attractive option for the selec-
tion of patients with high risk of malnutrition.

TNF-a is a pro-cachectic factor participating in the
recruitment of inflammatory cells that subsequently con-
siderably contribute to the degradation of muscle tis-
sue proteins. TNF-a also increases gluconeogenesis and
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Fig. 1 Impact of TNF-a —1031T/C SNP on patients’ overall survival: a differences in overall survival between groups of patients with CC and
both TT and CT genotype; b differences in overall survival between groups of patients with C allele presence and TT homozygous patients

promotes the loss of adipose tissue (lipolysis). As a result
of the above-mentioned processes, the inhibition of lipid,
protein and glycogen synthesis is observed (Patel and Patel
2017; Tisdale 2002). Therefore, it is desirable to estimate
what effects the molecular alterations have on TNF-a pro-
tein expression, because it could allow us to predict the

Table 6 Factors affecting the overall survival of HNC patients in log-
rank test and multivariate Cox logistic regression

Factor Log-rank test
HR [95% CI] P
Gender 1.171 [0.368-3.723] 0.777

Age 1.132[0.452-2.837] 0.792
1.715 [0.515-5.712] 0.460
1.301 [0.531-3.226] 0.550
3.361 [0.60-18.831] 0.019
1.881 [0.676-5.239] 0.303
1.617 [0.548-4.772] 0.322

Smoking history
Alcohol consumption
Performance status
Tumor stage
Parenteral nutrition

SGA 2.818 [0.996-7.972] 0.126
NRS 1.890 [0.644-5.543] 0.271
BMI loss > 5% (I vs VII) 1.752 [0.695-4.415] 0.270

BMI loss > 10% (I vs VII)
Weight loss > 5% (I vs VII)
Weight loss > 10% (I vs VII)
Total protein (I)

1.436 [0.578-3.520] 0.443
1.217 [0.489-3.032] 0.673
1.374 [0.556-3.396] 0.492
1.227 [0.499-3.020] 0.653

Albumin (I) 1.726 [0.698-4.267] 0.228
TNF-a —1031T/C 4.960 [0.808-30.48] 0.019
Plasma TNF-a 2.582[1.031-6.468] 0.028

Cox proportional-hazard regression model
Performance status 3.10[0.930-10.31]
TNF-a —1031T/C 2.142 [1.124-4.08]
Overall model fit p=0.011, stepwise method

0.047
0.021

I Measurement conducted before the commencement of therapy, VII
measurement conducted after the termination of therapy

@ Springer

grade of inflammatory response in cancer patients. Until
today, several polymorphic variants of TNF-a have been
described in literature as unfavorable factors responsi-
ble for intensification of cancer related inflammatory
response. Marsha et al. investigated the following SNPs
of TNF-a: -238 G/A and -308 G/A as malnutrition risk
factors in patients with end-stage renal disease. TNF-a
-308 AA and -238 AA genotype variants conferred 3.6-
fold and 3.3-fold higher susceptibility and higher TNF-a
levels in studied patients, respectively. Moreover, the
presence of A allele positivity of -308G/A was associ-
ated with 2.3-fold higher risk of malnutrition compared to
homozygous GG subjects. As regards -238 AA genotype,
it was associated with 2.5-fold higher risk of death (Sarma
et al. 2013). In another study concerning HNC patients,
the AA haplotype of -308 G/A was associated with worse
prognosis of the disease, shorter overall survival time and
increased aggressiveness of the disease. According to the
authors, the unfavorable cancer prognosis can be related
to TNF-a protein level (Corréaa et al. 2011). Recent large
study performed by Johns et al. examined over 100 SNPs
within genes related to cancer cachexia, and these molecu-
lar alterations were associated with both weight loss and
muscle wasting in about 1200 studied individuals. Bas-
ing on a study set, the new cachexia related SNPs were
revealed, and among them the TNF-a —1031T/C (Johns
et al. 2017). The contribution of that SNP to the risk of
cancer cachexia is still unknown; however, the results of
the latest studies conducted in patients with various dis-
eases demonstrated significant role of the discussed SNP
in the mediation of systemic inflammatory response. Her-
nandez et al. conducted a systemic review followed by
meta-analysis concerning TNF-a polymorphisms as the
inflammatory markers of cardiovascular heart disease.
The authors selected —1031T/C SNP as a risk factor of
cardiovascular incidents (Herndndez-Diaz et al. 2015). In
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the present study, we found that haplotype CC or the pres-
ence of C allele positivity are unfavorable factors associ-
ated with high risk of cachexia (9.70-fold and 13.29-fold
higher risk) and poorer disease prognosis compared to TT
genotype carriers. Moreover, patients carrying C allele
demonstrated poorer nutritional status in terms of body
mass, BMI, the result of laboratory tests and SGA scoring.
We assumed that alterations of patients’ nutritional status
were correlated with TNF-a level intensifying the inflam-
matory response in the studied individuals. In fact, patients
carrying the CC genotype had significantly higher plasma
TNF-a concentration compared to both CT and TT geno-
type carriers (10.70 pg/mL vs 9.76 pg/mL and 9.08 pg/
mL, respectively) (p <0.042). Most recently, Nourian et al.
studied the —1031T/C SNP in patients with inflammatory
bowel diseases (IBD). Interestingly, the authors found that
CC haplotype was associated with genetic risk of IBD,
and, moreover, mRNA expression of TNF-a was signifi-
cantly higher in CC genotype carrying group compared to
either CT or TT genotype carriers (Nourian et al. 2017).
In the study of Negoro et al. high frequency of CC geno-
type of —1031T/C SNP was noted in patients with Crohn’s
disease compared to individuals suffering from ulcerative
colitis and healthy controls (Negoro et al. 1999). Similarly,
Sanchez et al. demonstrated high prevalence of homozy-
gous CC in the juvenile Crohn’s disease patients (Sanchez
et al. 2009). High prevalence of CC genotype in patients
with inflammatory diseases is probably the result of the
increased TNF-a plasma level, which was demonstrated
in our study. Moreover, we found that the occurrence of
either CC genotype or C allele positivity are both unfa-
vorable prognostic factors in HNC patients. Patients with
CC genotype had significantly higher risk of early death
compared to CT and TT haplotypes [28 vs 38 months
(HR=3.630[0.612-21.55], p=0.013)]. Our results are in
accordance with Thiago et al. findings concerning AA of
TNF-a —308G/A (Corréaa et al. 2011). Perhaps, similarly
to other promoter SNPs of TNF-a, —1031T/C is a poten-
tial regulator of TNF-a protein expression. Regarding the
other promoter polymorphisms of TNF-a, the T allele of
—863A/T has been linked to fat tissue accumulation and
reduction of TNF-a serum level followed by decreased
BMI and low body mass. On the other hand, the pres-
ence of A allele positivity of —308G/A was associated
with increased protein production in various inflammatory
diseases (Sharma et al. 2006; Hoffstedt et al. 2000; Tan
et al. 2011). In our study set, the CC genotype carriers of
—1031T/C had the highest TNF-a plasma concentration
followed by the reduction of body weight and significantly
decreased BMI (< 18.5) as well as poorer laboratory test
results (the lowest plasma TP and albumin concentration)
compared to either CT or TT genotype carriers. One of
the limitations of our study was the use of a subjective

tool (SGA scale) to nutritional status and occurrence of
cachexia assessment.

We found that the presence of C allele positivity, and,
especially, carrying the CC haplotype are both related to
high risk of cancer cachexia in HNC patients. We also found,
that the studied SNP significantly correlated with the plasma
level of TNF-a and truly reflected the patients’ nutritional
status. Moreover, TNF-a —1031T/C demonstrated its useful-
ness as a prognostic factor. Interestingly, despite the noted
differences between SGA and NRS scoring, the occurrence
of CC genotype was significant for both. It suggests high
reliability of the studied SNP in objective assessment of
patients’ nutritional status. Moreover, independently from
the nutritional intervention with the use of parenteral nutri-
tion, the PN patients and WPM patients who carried CC
haplotype had significantly higher risk of cachexia in con-
trast to other genotype carriers (HR =3.630 [0.612-21.55],
p=0.013). Probably, in the near future, patients burdened
with CC genotype could be scheduled for pharmaceutical
intervention with parenteral nutrition earlier; hence, they
could be prevented from the development of severe malnutri-
tion or cachexia. We are aware that our study was conducted
on a small group of patients; therefore, the TNF-a —1031T/C
should be further investigated in a larger study set to confirm
its predictive and prognostic usefulness.

Funding This study was not financially supported or funded.

Compliance with ethical standards
Conflict of interest The authors declare no conflict of interest.

Open Access This article is distributed under the terms of the Crea-
tive Commons Attribution 4.0 International License (http://creativeco
mmons.org/licenses/by/4.0/), which permits unrestricted use, distribu-
tion, and reproduction in any medium, provided you give appropriate
credit to the original author(s) and the source, provide a link to the
Creative Commons license, and indicate if changes were made.

References

Alshadwi A, Nadershah M, Carlson ER et al (2013) Nutritional con-
siderations for head and neck cancer patients: a review of the
literature. J Oral Maxillofac Surg 71(11):1853—-1860

Bazzoni F, Beutler B (1996) The tumor necrosis factor ligand and
receptor families. N Engl J Med 334(26):1717-1725

Beutler BA (1999) The role of tumor necrosis factor in health and
disease. J Rheumatol Suppl 57:16-21

Corréaa GTB, Bandeiraa GA, Cavalcanti BG (2011) Association of
-308 TNF-a promoter polymorphism with clinical aggressiveness
in patients with head and neck squamous cell carcinoma. Oral
Oncol 47(9):888-894

Gorenc M, Kozjek NR, Strojana P (2015) Malnutrition and cachexia
in patients with head and neck cancer treated with (chemo)radio-
therapy. Rep Pract Oncol Radiother 20(4):249-258

@ Springer


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

1434

Journal of Cancer Research and Clinical Oncology (2018) 144:1423-1434

Hajeer AH, Hutchinson IV (2000) TNF-a gene polymorphism: clini-
cal and biological implications. Microsc Res Tech 50(3):216-228

Hernandez-Diaz Y, Tovilla-Zarate CA, Juarez-Rojop I (2015) The role
of gene variants of the inflammatory markers CRP and TNF-a in
cardiovascular heart disease: systematic review and meta-analysis.
Int J Clin Exp Med 8(8):11958-11984

Hoffstedt J, Eriksson P, Hellstrom L et al (2000) Excessive fat accumu-
lation is associated with the TNF alpha-308 G/A promoter poly-
morphism in women but not in men. Diabetologia 43:117-120

Hu Q, Lou GG, Liu YC et al (2014) the tumor necrosis factor-a-308
and -238 polymorphisms and risk of hepatocellular carcinoma
for Asian populations: a meta-analysis. Curr Ther Res 76:70-75

Johns N, Stretch C, Tan BHL (2017) New genetic signatures associated
with cancer cachexia as defined by low skeletal muscle index and
weight loss. J Cachexia Sarcopenia Muscle 8(1):122-130

Liu CJ, Wong YK, Chang KW et al (2005) Tumor necrosis factor-alpha
promoter polymorphism is associated with susceptibility to oral
squamous cell carcinoma. J Oral Pathol Med 34(10):608-612

Locksley RM, Killeen N, Lenardo MJ (2001) The TNF and TNF
receptor superfamilies: integrating mammalian biology. Cell
104(4):487-501

Negoro K, Kinouchi Y, Hiwatashi N (1999) Crohn’s disease is associ-
ated with novel polymorphisms in the 5’-flanking region of the
tumor necrosis factor gene. Gastroenterology 117(5):1062-1068

Nourian M, Chaleshi V, Pishkar L (2017) Evaluation of tumor necro-
sis factor (TNF)-a mRNA expression level and the rs1799964
polymorphism of the TNF-a gene in peripheral mononuclear
cells of patients with inflammatory bowel diseases. Biomed Rep
6:698-702

O’Neill J, Shaha A (2011) Nutrition management of patients with
malignancies of the head and neck. Surg Clin North Am 91:631

@ Springer

Patel HJ, Patel BM (2017) TNF-a and cancer cachexia: Molecular
insights and clinical implications. Life Sci 170:56-63

Ravasco P, Monteiro-Grillo I, Vidal PM, Camilo ME (2003) Nutri-
tional deterioration in cancer: the role of disease and diet. Clin
Oncol (R Coll Radiol) 15:443-450

Sanchez R, Levy E, Costea F (2009) IL-10 and TNF-o promoter hap-
lotypes are associated with childhood Crohn’s disease location.
World J Gastroenterol 15(30):3776-3782

Sanderson RJ, Ironside JAD (2002) Squamous cell carcinomas of the
head and neck. BMJ 325:822-827

Sarma R, Agrawal S, Saxena A, Sharma RK (2013) Association of
IL-6, IL-10, and TNF-a gene polymorphism with malnutrition
inflammation syndrome and survival among end stage renal dis-
ease patients. J Interferon Cytokine Res 33(7):384-391

Sharma S, Sharma A, Kumar S, Sharma SK, Ghosh B (2006) Asso-
ciation of TNF haplotypes with asthma, serum IgE levels, and
correlation with serum TNF-a levels. A J Resp Cell Mol Biol
35(4):488-495

Siegel RL, Miller KD, Jemal A (2016) Cancer statistics 2016. CA
Cancer J Clin 66(1):7-30

Tan BH, Ross JA, Kaasa S (2011) Identification of possible genetic
polymorphisms involved in cancer cachexia: a systematic review.
J Genet 90(1):165-177

Tisdale MJ (2002) Cachexia in cancer patients. Nat Rev Cancer
2(11):862-871

Tisdale MJ (2009) Mechanisms of cancer cachexia. Physiol Rev
89:381-410

Unsal D, Mentes B, Akmansu M et al (2006) Evaluation of nutritional
status in cancer patients receiving radiotherapy: a prospective
study. Am J Clin Oncol 29:183-188



	Relationship between TNF-α −1031TC gene polymorphism, plasma level of TNF-α, and risk of cachexia in head and neck cancer patients
	Abstract
	Background 
	The aim of the study 
	Results 
	Conclusion 

	Introduction
	Materials and methods
	Study group
	Genotyping and ELISA
	Statistical analysis

	Results
	Discussion
	References


