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RESEARCH ARTICLE

Circulating fatty acids in patients with head and neck cancer after treatment: an
explorative study with a one-year perspective

Constantina Nadia Christoua , Ylva Tiblom Ehrssona , Erik Lampab, Ulf Ris�erusc and G€oran Laurella

aDepartment of Surgical Sciences, Section of Otorhinolaryngology and Head & Neck Surgery, Uppsala University, Uppsala, Sweden; bUppsala
Clinical Research Center, Uppsala University, Uppsala, Sweden; cDepartment of Public Health and Caring Sciences, Clinical Nutrition and
Metabolism, Uppsala University, Uppsala, Sweden

ABSTRACT
Background: Unintended weight loss and nutritional problems are often seen in patients with head
and neck cancer, but changes in lipid metabolism are poorly studied.
Aim/Objectives: The present study aimed to explore the longitudinal changes in circulating fatty acid
(FA) composition in patients with head and neck cancer.
Materials and methods: This study included 27 patients with head and neck cancer. Treatment con-
sisted of single modality or combined modality treatments. The patients were assessed by repeated
blood sampling and body weight assessments before treatment started and on three occasions after
the start of treatment. FA profiling included gas chromatography analysis of unsaturated FAs and satu-
rated FAs in serum.
Results: The values of three fatty acids – FA 14:0, FA 18:3n3, and FA 20:3n6 – changed in a specific
pattern over the course of the study and the change in FA 14:0 correlated with weight changes.
Conclusions and significance: This study showed altered profiles of both saturated and unsaturated
FAs. An improved understanding of the metabolic pathways in patients with head and neck cancer
supports the development of better nutritional surveillance and nutritional treatments.
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Introduction

For patients with head and neck cancer, the tumour and
treatment may affect the upper aerodigestive tract and cause
swallowing problems, and even at the time of diagnosis crit-
ical body weight loss (>5% in 1month or >10% in
6months) is common [1]. Weight loss is associated with the
nutritional status of the patients, which is often impaired
because of loss of appetite, dysphagia, and odynophagia.
Problems maintaining oral intake usually increase during
radiotherapy and combined modality treatment, and this
often leads to weight loss [2].

Malnutrition is associated with alterations in a number of
metabolic processes [3].

For example, inflammation is reported to be a common
aetiological factor for altered metabolism in cancer patients,
which leads to a catabolic state and contributes to loss of
muscle mass [4]. Cancer-associated malnutrition affects the
metabolism of proteins, fats, and carbohydrates, and the
most common metabolic abnormality observed in cancer
patients is increased mobilisation of peripheral fat and
excessive oxidation of fatty acids (FAs). Alterations in lipid
metabolism can lead to the depletion of adipose tissue and
thus to weight loss [5].

Lipids are a group of water-insoluble molecules that
include triglycerides, phospholipids, sterols, and sphingoli-
pids. FAs are the main component in the synthesis of trigly-
cerides, which are mainly used for energy storage.
Phospholipids also contain FAs, and together with sterols
and sphingolipids they represent the major structural com-
ponents of biological membranes. Lipids also have essential
roles in signalling by functioning as second messengers and
as hormones.

Lipids are found in the bloodstream as free FAs bound
to albumin or complexed to proteins as low-density and
high-density lipoproteins, e.g. cholesterol esters. An FA is a
carboxylic acid and is either saturated or unsaturated. Some
FAs are obtained from dietary sources, while others are syn-
thesised de novo mainly in the liver, adipose tissue, and lac-
tating breast tissue. Depending on the type of FA,
circulating FAs can reflect dietary intake and nutritional sta-
tus and/or FA metabolism (e.g. de novo lipogenesis and FA
desaturation), both of which are pathways that may be
altered in cancer patients [6]. Tumour cells show high rates
of de novo lipid synthesis, and besides uptake of FAs from
blood circulation their ability to synthesize FAs plays a vital
role in cancer pathogenesis [7].
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The plasma FA profile in patients with cancer has been
poorly studied. The present study aimed to explore the lon-
gitudinal changes in circulating fatty acids composition in
patients with head and neck cancer over the course of one
year from the end of treatment. In addition, a secondary
aim was to investigate the relationship between circulating
fatty acids and the weight loss that is typically seen in the
treatment of head and neck cancer patients.

Materials and methods

This study included 27 patients with head and neck cancer
who underwent treatment at Uppsala, Umeå and Orebro
University Hospitals which are tertiary centres in Sweden.
The inclusion criteria were patients with untreated head and
neck cancer and a performance status of 0–2 according to
the WHO/ECOG Performance status. Patients with previous
cancer history in the past 5 years (except skin cancer) and
patients with severe alcoholism, dementia, inability to
understand Swedish, or any other inability to participate in
the study were excluded.

The mean age of the patients was 67 years (range
50–81 years) with a male-to-female ratio of 2.4:1 (19 males,
8 females). The most common tumour site was the orophar-
ynx (n¼ 10) followed by the oral cavity (n¼ 9). Treatment
consisted of single-modality surgery or radiotherapy or
combined modality treatment. The patients’ characteristics
are described in Table 1.

The patients were assessed by blood sampling and body
weight measurements before treatment started (i.e. pre-treat-
ment) and at 7weeks after the start of treatment and at
3months and 1 year after the termination of treatment. The
nutritional status of all patients was followed according to
local routines, and supplemental nutritional therapy was
offered when indicated. Two patients did not provide blood
samples at 7 weeks after the start of treatment. The blood
samples at 1 year after the termination of treatment were
not collected in three patients. Two patients had died, and
one patient was unable to give a blood sample due to

fatigue. Body weight was measured in kilograms, and the
patients did not wear outdoor clothing or shoes when being
weighed. Body mass index (BMI) was calculated using the
formula kg/m2. The patients were divided into underweight,
normal weight and overweight according to Global
Leadership Initiative on Malnutrition (GLIM), as shown in
Table 2. It was also recorded if the patients had oral intake
or nutritional support (total or partial use of
enteral nutrition).

FA analysis

Blood samples were stored at �70 �C at the Uppsala
University Hospital Biobank, Sweden, until analysis of FA
composition. FA profiling included unsaturated FAs 16:1n-
7, 18:1n-9, 18:2n-6, 18:3n-6, 18:3n-3, 20:3n-6, 20:4n-6,
20:5n-3, and 22:6n-3 and saturated FAs 14:0, 15:0, 16:0, and
18:0 in serum cholesterol esters using gas chromatography
as previously described [8]. For the analyses, 50 ll of centri-
fuged clarified serum (2000� g for 10min) was used as the
sample. The values of the FAs are presented as percentages
of the total amount of FAs.

Ethical considerations

The Regional Ethical Review Board in Uppsala reviewed and
approved the study (No. 2014/447), and written informed
consent was obtained from all patients. All blood samples
were coded in the Uppsala Biobank (approved RCC 2015-
0025). The study is registered at ClinicalTrials.gov
(NCT03343236).

Statistical analyses

Generalised estimating equations were used to model the
time trends of each FA. Values of the FAs were first trans-
formed from their percentage scale to the log scale, and
time was fitted with a second-degree polynomial allowing

Table 1. Characteristics of patients with head and neck cancer. Numbers of patients are given (n).

Total number
of patients

Radiation
therapy

Chemoradiation
therapy Surgery

Surgery &
Radiation therapy

Surgery &
Chemoradiation

therapy

Sex
Male 19 5 4 3 5 2
Female 8 1 0 1 3 3

Age, years, mean 67 63 60 75 70 66
(range) (50� 81) (52� 74) (50� 69) (74� 78) (62� 81) (60� 71)
Tumour site

Oropharynx 10 4 4 0 0 2
Oral cavity 9 0 0 2 5 2
Salivary glands 1 0 0 0 1 0
Larynx 4 2 0 1 1 0
Hypopharynx 1 0 0 0 0 1
Cancer of unknown primary 1 0 0 0 1 0
External auditory canal cancer 1 0 0 1 0 0

Tumour stage�
I 7 2 0 4 1 0
II 4 0 0 0 4 0
III 5 1 0 0 1 3
IV 11 3 4 0 2 2

�According to Union for International Cancer Control (UICC) version 7.
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for non-linear temporal patterns. An AR (1) correlation
structure was assumed between the measurements, which
expects a higher correlation between measurements from
the same individual obtained closer in time than measure-
ments obtained further apart. A comparison of the mean
values on the log scale was conducted for each time point
versus the time point before, i.e. the mean value at 7weeks
was compared to the mean value at baseline, the mean value
at 3months was compared to the mean value at 7weeks,
and the mean value at 1 year was compared to the mean
value at 3months. The confidence intervals and p-values
were adjusted for these multiple comparisons. The freely
available statistical software R was used for the statistical
analyses. Interaction terms were added to the models to
assess the time trends in different pre-defined subgroups,
and the p-values were adjusted for the additional tests in
those models. An additional analysis was performed to
assess the association between FA14:0 and weight change
from baseline. The association between FA changes and
gender as well as treatment was analysed. A p-value �.05
was considered statistically significant.

Results

Changes in FA levels over time

The levels of all studied FAs over the course of the study
are shown in Figure 1. For the whole cohort, FA 14:0 (myr-
istic acid) showed a 15% decrease (p<.001) at 7 weeks, thus
supporting a time-dependent association between pre-
treatment and at 7weeks after the start of treatment. At
3months after the end of treatment, FA 14:0 had decreased
even further. The values then increased at 1 year after the
end of treatment and were at nearly the same levels as the
pre-treatment values, as shown in Table 3.

Another time-dependent association was observed for FA
18:3n-3 (linolenic acid). The values of FA 18:3n-3 decreased
by 26% (p<.001) at 1 year after the end of treatment com-
pared to 3months after the end of treatment. The values of
FA 18:3n-3 did not vary between pre-treatment, 7 weeks
after treatment start, and 3months after treatment termin-
ation, as shown in Figure 1. FA 20:3n-6 showed the same
trend over time as FA 18:3n-3 with a 21% decrease at 1 year

after the end of treatment compared to the value at
3months (p<.001) (Figure 1).

The compositions of the other studied FAs in serum
were different between patients, and the data do not suggest
any clear time-dependent changes.

Weight change over time and nutritional status

At the time of their diagnosis, three patients were under-
weight (BMI <20 (<22 if �70 years)), seven patients were
normal weight (BMI ¼ 20–25 (22–27 if �70 years)), and 17
patients were overweight (BMI >25 (>27 if �70 years)).
The mean pre-treatment weight of the patients was 78.1 kg
(range 52.6–99.5 kg). There was a significant decrease in
mean weight of 3.9 kg between pre-treatment and at
7weeks, which corresponds to a weight loss of 5%. The per-
centage weight change from start of treatment to 3months
after the end of treatment was 6.4%. At 1 year after the end
of treatment, the mean weight of the patients was 74.3 kg
(range 47–94 kg), which was at the same level as the mean
weight at 7 weeks after the start of treatment (Table 2).

None of the patients needed partial or total parenteral
nutrition during treatment or after treatment. A total of
seven patients needed enteral nutritional support during the
study period as shown in Table 2.

Correlation of FA with weight, treatment, and gender

An association was found between FA 14:0 and weight
change from baseline. This association was seen at 7weeks
after the start of treatment and at 3months but not at 1 year
after the end of treatment, as shown in Figure 2.

No association was seen in the FA profile between the
patients who received radiotherapy and the patients who
received chemo radiotherapy.

No association was observed in the FA profile between
men and women.

Discussion

The association between FAs and head and neck cancer
treatment has not been reported earlier. In the present
explorative study, serum levels of FAs were assessed

Table 2. Weight and nutritional data of patients with head and neck cancer.

Pre-treatment
n¼ 27

7 weeks after start of treatment
n¼ 27

3 months after end of treatment
n¼ 27

12 months after end of treatment
n¼ 25��

Body mass index� (BMI)
Underweight 3 5 4 5
Normal weight 7 10 14 11
Overweight 17 12 9 8

Weight mean (kg) 78.1 74.2 73.1 74.3
Range (52.6� 99.5) (49.9� 92.1) (47.3� 89) (47� 94)
SD 12.2 12.3 12.9 13.6

Nutrition
Total peroral 27 20 25 24
Enteral nutrition��� 0 7 2 1

Numbers of patients are given (n).�Underweight: BMI <20 (BMI < 22 if �70 years); normal weight: BMI 20–24.99 (BMI 22–27 if �70years); overweight/obese: BMI >25 (BMI >27 if � 70 years).��Weight and BMI were not available for 1 patient at 12months.���Nutrition through nasogastric tube at 7 weeks and 3months and percutaneous endoscopic gastrostomy at 12months.
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longitudinally up to one year following the end of treat-
ment. Although most of the FAs did not change signifi-
cantly, FA 14:0, FA 18:3n-3, and FA 20:3n-6 showed more
consistent changes and were found to be of specific interest.

These three FAs demonstrated a specific pattern over time,
and an early decrease of FA 14:0 and late decreases of FA
18:3n-3 and FA 20:3n-6 were seen for the whole cohort of
27 patients with head and neck cancer.

FA 14:0 (myristic acid) is a saturated long-chain FA with
a 14-carbon backbone. Myristic acid is found naturally in
dairy fat, a major source in the Swedish population, but also
in tropical oils including palm oil and coconut oil. FA 14:0
is reported to represent an average of 11% of the dairy
intake of FAs and is well known to increase total choles-
terol, especially low-density lipoproteins, in the blood [9]. In
addition, under lipogenic conditions FA 14:0 may also be

Figure 1. Serum levels of fatty acids (FAs) 14:0, 15:0, 16:0, 16:1n-7, 18:0, 18:1n-9, 18:2n-6, 18:3n-6, 18:3n-3, 20:3n-6, 20:4n-6, 20:5n-3, and 22:6n-3 at pre-treatment
(pre), at 7 weeks after the start of treatment (7w), and at 3months (3m) and 1 year (1 y) after the termination of treatment in patients with head and neck cancer.
The values for the FAs are presented in relation to the total amount of FAs.

Table 3. Percent change of the mean values of fatty acid 14:0 (FA 14:0) when
comparing between 7weeks (7w) to pre-treatment (pre), 3months (3m) to
7weeks, and 1 year (1 y) to 3months in patients with head and neck (n¼ 27).

Fatty acid Compared values Result (%) 95% Confidence Interval

FA 14:0 7w vs. Pre �15 �23 to �6 (p<.001)
FA 14:0 3m vs. 7w �9 �15 to �4 (p<.001)
FA 14:0 1y vs. 3m 26 6 to 49 (p¼ 0.002)
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produced de novo in parallel with FA 16:0 [10]. FA 18:3n-3
(linolenic acid) is an essential omega-3 FA found exclusively
in plant oils, such as rapeseed oil, but it can be converted to
very long-chain n-3 polyunsaturated FAs (PUFAs) that are
found in seafood. Notably, despite being an essential FA,
18:3n-3 as assessed in serum cholesterol esters does not
appear to be a reliable biomarker of self-reported dietary
intake [11]. FA 20:3n-6 (dimoho-c-linolenic acid) is a poly-
unsaturated omega-6 FA that is produced in the body by
elongation and desaturation of FA 18:2n-6 (linoleic acid).
Linolenic acid and linoleic acid are the two essential FAs for
humans that must be obtained through the diet.

The changes in the FA profile in serum over time in
patients with head and neck cancer are most probably
multifactorial. The pre-treatment body composition is one
factor to take into account, and dysphagia is a frequent con-
tributor to reduced intake of nutrients, including essential
FAs, and thus contributes to weight loss. Seventeen patients
in the present cohort (63%) were overweight at baseline.
Although 7 patients (26%) received enteral nutrition at
7weeks after start of treatment, only 8 patients (32%) were
overweight at 12months after termination of treatment.

In the present study, FA 14:0 in serum was consistently
correlated to weight change both at 7weeks after the start of
treatment and at 3months after the end of treatment, corre-
sponding to the convalescent phase, but the correlation did
not remain at 1 year after the end of treatment, most

probably due to the limited sample size. In a study of
patients with head and neck cancer, the patients’ mean
weight changed over time with a nadir observed at
5–6months after the start of radiotherapy and thereafter
slowly recovered [12]. In the present study, weight loss was
most severe at 3months after the termination of treatment.
It can be speculated that the decrease in the serum concen-
tration of FA 14:0 after treatment was associated with a
reduced dietary intake of saturated fat (e.g. high-fat dairy
foods) as indicated in elderly Swedish populations [13]. In
addition to FA 14:0 being a potential marker of saturated
fat intake, it is also possible that the reduced FA 14:0 levels
to some extent reflect a decrease in de novo lipogenesis due
to lowered intake of energy from carbohydrates [14]. Thus,
the associations between changes of serum FA 14:0 and
body weight observed here may suggest that this FA may
reflect the nutritional and consequently the anabolic/cata-
bolic status in these patients post-treatment. Its use as a
nutritional marker is of high interest but needs further
investigation.

Fourteen patients in the present study received radiother-
apy and 9 patients underwent chemoradiotherapy. An
increase of pro-inflammatory cytokines is reported in con-
nection to chemoradiotherapy in patients with head and
neck cancer, which was correlated to the T-stage of the
tumour [15]. It is clear that inflammation and immune reac-
tions play a role in cancer development, progression, and

Figure 2. Correlation between fatty acid 14:0 (FA 14:0) and body weight changes from baseline to 7weeks after start of treatment and to 3months and 1 year
post-treatment in patients with head and neck cancer (n¼ 27).
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response to treatment [16]. Moreover, the tumour itself may
produce pro-inflammatory cytokines that trigger an inflam-
matory response that may contribute to a decrease in food
intake and thus to weight loss.

Lipid metabolism has been more extensively studied in
cancer cell progression in pre-clinical studies. Cancer devel-
opment is dependent on the ability of the cancer cells to
produce lipids that are necessary for cell membrane forma-
tion, protein modification, and transmission of oncogenic
signals [17]. Cancer cells also take advantage of exogenous
FAs in order to carry out de novo lipogenesis [18].

In many cases, patients with head and neck cancer need
essential nutrients and intake of surplus energy, especially
during periods of high energy expenditure, i.e. the treatment
phase . Among the various aspects to consider in nutritional
surveillance are the nutritional and energy demands of can-
cer cells in relation to energy intake and storage, which is
an area of research that needs to be better explored in clin-
ical studies. The present study indicates that supplementa-
tion of the essential FA 18:3n-3 may be especially indicated
at 1 year after the termination of treatment.

Although no difference was found in the present study
between patients receiving radiotherapy and chemoradio-
therapy, the effect of treatment modality on FA profiles can-
not be overlooked. It could be speculated that radiotherapy
and chemotherapy affect FAs in different ways. An earlier
study on three patients with advanced breast cancer sug-
gested that chemotherapy is a possible cause of low levels of
plasma phospholipids [19]. A larger study on 42 men with
squamous cell carcinoma of the oesophagus demonstrated
increased levels of polyunsaturated FAs after platinum-based
chemoradiotherapy [20].

The limitations of the study are the size of the cohort
and the heterogeneity of tumour site, stage, and treatment.
The results of the current study should be regarded as
hypothesis-generating, and a larger study cohort should pro-
vide confirmatory and more detailed knowledge on the
potential importance of FA 14:0, FA 18:3n-3, and FA 20:3n-
6 in patients with head and neck cancer.

Conclusion

An altered serum profile of FA 14:0, FA 18:3n-3, and FA
20:3n-6 was observed within a year post-treatment in
patients with head and neck cancer. At the group level, FA
14:0 was associated with weight change within the first
3months after the end of treatment. Whether these FAs
reflect nutritional and/or metabolic status is unclear, but of
potentially high interest because FAs may be useful prog-
nostic or indicative biomarkers in patients undergoing can-
cer treatment. Our observations encourage further
investigation of the association between FAs and nutritional
status in patients with head and neck cancer.
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