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Biomarkers for cancer-related fatigue and adverse
reactions to chemotherapy in lung cancer patients
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Abstract. This study was conducted to investigate the
biomarkers that appear to be correlated with cancer-related
fatigue (CRF) and the adverse reactions (ADRs) to chemo-
therapy. A total of 100 lung cancer patients were selected
and CRF prior to and following chemotherapy was evaluated.
The plasma levels of tumor necrosis factor (TNF)-a and
interleukin (IL)-1 and the level of 17-hydroxycorticosteroid
(17-OHCS) in the urine were analyzed and correlated with
CRF and the ADRs associated with chemotherapy. The inci-
dence of CRF was found to be 88.0% and ADRs following
chemotherapy occurred in 15.0% of the patients. An increase in
the TNF-a and IL-1 levels was detected in patients with CRF.
The level of 17-OHCS in the urine was found to be elevated
in cases that experienced ADRs following chemotherapy. In
conclusion, CRF is closely correlated with increased plasma
levels of TNF-a and IL-1. Furthermore, an abnormally
elevated 17-OHCS level in the urine may be an important indi-
cator predicting ADR development following chemotherapy.

Introduction

Cancer-related fatigue (CRF) is a subjective sensation of
exhaustion experienced by cancer patients. Unlike fatigue
in healthy individuals, CRF is persistent and is not relieved
through rest. CRF exerts a detrimental effect on the emotional,
physical and mental status of the patients (1) and is commonly
accompanied by sleep disorders, pain and depression (2-4). It
was reported that CRF occurs in >60% of cancer patients (5).
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CRF may affect the patients' daily routine, thus exerting
a significant negative effect on the quality of life (QOL). A
number of studies demonstrated that CRF is closely correlated
with tumor necrosis factor (TNF)-a, interleukin (IL)-1 and
17-hydroxyl corticosteroid (17-OHCS) levels (6-9). With the
advances in cancer treatment, increasing attention is focused
on the management of CRF. Therefore, a better understanding
of CRF and the adverse reactions (ADRSs) associated with
chemotherapy is required. In this study, we investigated
biomarkers that appear to be correlated with CRF and the
ADRs to chemotherapy in lung cancer patients. By testing
these biomarkers in future clinical practice, certain phar-
macological or non-pharmacological interventions may be
implemented to achieve personalized treatment and improve
the QOL of the patients.

Patients and methods

Patients. In this study, we selected 100 pathologically diag-
nosed lung cancer patients who received treatment at the
Affiliated Cancer Hospital of Shantou University Medical
College between February, 2012 and March, 2014. Patients
with certain diseases, such as cardiac, hepatic, splenic and
endocrine disorders, were excluded. Of the 100 patients,
56 were male and 44 female. The median age of the patients
was 51 years (range, 18-80 years). Tumor staging was based
on the 7th edition of 2009 TNM classification in Lung
Cancer (10). A total of 32 patients had stage II, 39 had stage III
and 29 had stage IV disease. All the enrolled patients were
diagnosed with non-small-cell lung cancer, according to
the 2004 World Health Organization classification of lung
tumors (11). All the patients were treated with docetaxel and
cisplatin. The dose of chemotherapy was determined by the
body surface area of the patients (docetaxel, 75 mg/m?/day;
and cisplatin, 75 mg/m? was administered on days 1-3 of each
treatment cycle). The drugs were administered via an intrave-
nous drip. A single course of treatment lasted for 21 days and
all the patients received 4-6 courses of treatment.

This study's protocol received Ethics Approval by the
Institutional Review Board of Shantou University Medical
College and all the patients provided written informed consent
prior to their inclusion in the study.
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Table I. Normal range of human plasma TNF-a, IL-1 and urine
17-OHCS levels.

Testing reagents Gender Normal range

Plasma TNF-a
Plasma IL-1
Urine 17-OHCS

Male and female 0.74-1.54 ng/ml
0.13-0.25 ng/ml
3-10 pug/l
2-8 ugll

Male and female

Male
Female

TNF-a, tumor necrosis factor-a; IL-1, interleukin 1; 17-OHCS,
17-hydroxycorticosteroid.

Reagents and testing methods. In this study, all the reagents
were provided by Shanghai Yanjin Biological Co., Ltd.,
(Shanghai, China). The testing kits included human TNF-a,
IL-1 and human urine 17-OHCS.

Samples of 3 ml peripheral venous blood and 5 ml urine
were freshly collected on the day prior to and at 2 days
following chemotherapy. The blood and urine samples were
centrifuged at 3,000 rpm for 30 and 20 min, respectively. The
supernatants were stored in -20°C refrigerator until use. The
ELISA method was applied to measure the plasma levels of
TNF-a and IL-1 and the urine level of 17-OHCS, according
to the manufacturer's instructions. The optical density (OD)
values were measured at a wavelength of 450 nm. Using the
standard concentration as the x-axis and the OD value as the
y-axis, a standard linear regression curve was drawn in an
Excel worksheet. The plasma levels of TNF-a and IL-1 and
the level of 17-OHCS in the urine were calculated based on the
linear regression curves.

Evaluation of CRF. Based on the Okuyama et al (12) scoring
system, each lung cancer patient was evaluated on the day
prior to and at 2 days following chemotherapy using the
Cancer Fatigue Scale (9,12), which is a 15-item questionnaire
consisting of three subscales, namely physical (items 1, 2, 3, 6,
9,12, 15), affective (items 5, 8, 11, 14) and cognitive (items 4, 7,
10, 13) subscales. According to the Likert's 5-scoring system,
for each item, O indicated no fatigue and 5 indicated the most
severe fatigue. The sum of each item score was defined as the
total score. The possible total score range was 0-60 (the higher
the score, the more severe the fatigue).

Using the ELISA method, each patient's plasma level
of TNF-a and IL-1 and urine level of 17-OHCS were
measured. In addition, the chemotherapy-associated ADRs
were recorded. According to the occurrence of ADRs, all the
enrolled patients were divided into two groups, namely the
ADR and the non-ADR groups. A comprehensive evaluation
of a CRF-ADR scale was established and the correlation
between lung cancer fatigue and chemotherapy-associated
ADRs was investigated.

Statistical analysis. The CRF-ADR scale scores were
expressed as means + standard deviation. The Pearson's
correlation coefficient was calculated using the SPSS software
package, version 17.0 (SPSS, Inc., Chicago, IL, USA). P<0.05
was considered to indicate a statistically significant difference.

SHA et al: BIOMARKERS FOR CANCER-RELATED FATIGUE AND ADVERSE REACTIONS TO CHEMOTHERAPY

Results

CRFs and ADRs following chemotherapy. Of the 100 lung
cancer patients, 88 (88%) had CRF prior to chemotherapy. The
physical, affective and cognitive fatigue scores were 12.2+7.6,
6.2+4.3 and 26.4+14.9, respectively. A total of 15 patients
(15%) experienced ADRs following chemotherapy (skin rash,
8 patients; dyspnea, 3 patients; and palpitations, 4 patients).
These ADRs were treated with anti-anaphylactic drugs and
oxygen inhalation. The majority of the ADRs developed
5-10 min following chemotherapy.

CRF and TNF-a, IL-1 and 17-OHCS levels. The normal
range of plasma TNF-a and IL-1 and urine 17-OHCS levels is
presented in Table I. The levels of plasma and urine markers
are described as higher or lower than normal, if there are out
of the normal range, as described in Table I.

TNF-a. Prior to chemotherapy, the average plasma TNF-a
level was 2.0+0.6 ng/ml in the lung cancer patients, which
was higher compared to the average of healthy individuals. A
high level of plasma TNF-a was detected in 77 (77%) patients.
Following chemotherapy, the average plasma TNF-a level
increased further, reaching 2.4+0.6 ng/ml. A total of 81 patients
(81%) exhibited higher plasma levels of TNF-a. Among these
patients, 74 experienced fatigue prior to chemotherapy (84.1%,
74/88). The difference in increased TNF-a between patients
who had fatigue prior to and those with fatigue after chemo-
therapy was statistically significant (P=0.022).

IL-1. Prior to chemotherapy, the average plasma IL-1 level was
0.3+0.1 ng/ml in this group of patients. A total of 68 patients
(68%) exhibited higher levels of IL-1. Folowing chemotherapy,
the average plasma IL-1 increased to 0.4+0.1 ng/ml, with
70 patients (70%) exhibiting higher plasma IL-1 levels. A
total of 62 patients (70.5%, 62/88) experienced fatigue prior
to chemotherapy. The difference in increased IL-1 between
patients who had fatigue prior to and those with fatigue after
chemotherapy was statistically significant (P=0.018).

17-OHCS. Prior to chemotherapy, the average urine 17-OHCS
level was 6.1+2.4 ng/ml in this group of patients. A high level
of urine 17-OHCS occurred in 7 patients (7%). Following
chemotherapy, the average urine 17-OHCS level increased to
6.3+2.7 ng/ml, with 10 patients (10%) exhibiting higher levels,
including 4 patients who already exhibited symptoms of
fatigue prior to chemotherapy (4.5%, 4/88). The difference in
increased 17-OHCS between patients who had fatigue prior to
and those with fatigue after chemotherapy was not statistically
significant (P=0.160).

Correlations of ADRs to chemotherapy with plasma TNF-a.
and IL-1 and urine 17-OHCS levels. In this study, a total of
81 patients exhibited abnormally increased plasma TNF-a
levels following chemotherapy. Among these patients, only
5 experienced ADRs. Thus, the correlation between increased
TNF-a levels and the occurrence of ADRs following
chemotherapy was not statistically significant (33.3%, 5/15;
P=0.250). Similarly, of the 70 patients who exhibited abnor-
mally increased plasma IL-1 levels following chemotherapy,
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Table II. Laboratory analysis and adverse reactions to chemotherapy.

Cases with elevated Post-chemotherapy

laboratory indicators Pre-chemotherapy fatigue adverse reactions
Laboratory
indicators Cases % Cases % P-value Cases % P-value
TNF-a 81 81.0 74 84.1 0.022 5 333 0.250
IL-1 70 70.0 62 70.5 0.018 5 333 0.109
17-OHCS 10 10.0 4 4.5 0.160 10 66.7 0.008

TNF-a, tumor necrosis factor-a; IL-1, interleukin 1; 17-OHCS, 17-hydroxycorticosteroid.

only 5 experienced ADRs. Thus, the correlation between
increased IL-1 levels and the occurrence of ADRs following
chemotherapy was also not statistically significant (33.3%,
5/15; P=0.109).

Of note, of the 15 patients who experienced ADRs following
chemotherapy, 10 (66.7%) exhibited abnormally increased
urine 17-OHCS levels. The correlation between increased
17-OHCS and the occurrence of ADRs to chemotherapy was
statistically significant (P=0.008). The abovementioned results
are summarized in Table II.

Discussion

A number of studies investigated the correlation between CRF
and ADRs following chemotherapy. Barns and Bruera (13)
reported that chemotherapy may be a primary cause of the
fatigue experienced by cancer patients. Several other studies
demonstrated that there is a significant correlation between
fatigue and clinical characteristics. In a cohort study including
212 breast cancer patients, Goldstein et al (14) reported that
fatigue in cancer patients was associated with clinical stage,
age, treatment modality, menstrual status and the serum level
of certain biochemical factors. Curt et al (15) reported data
collected via telephone interviews from 379 cancer patients
who had been treated with chemotherapy, which indicated
that 90% of the patients experienced fatigue associated with
the ADRSs to chemotherapy, including gastrointestinal reac-
tions, alopecia, weight loss and menopause. According to
the previous studies, it was also confirmed that ADRs may
cause fatigue. However, the number of studies investigating the
correlation between CRF and ADRs to chemotherapy in lung
cancer patients is currently limited.

In this cohort study of 100 lung cancer patients, we demon-
strated that 88% of the patients experienced CRF. This finding
was consistent with those of a previous study, indicating that
the occurrence of CRF was 70-100% in lung cancer patients
who had been treated with chemotherapy (16). CRF remains a
major factor affecting patient QOL. Therefore, it is crucial to
implement a preventive measure for symptom control of the
ADRs to chemotherapy (17). In this study, we confirmed that
the increased plasma levels of TNF-a and IL-1 exhibited a
statistically significant correlation with CRF. It may be helpful
to determine the CRF of a patient by measuring the plasma
levels of TNF-a and IL-1 prior to and following chemotherapy,
in order to guide the implementation of personalized therapy

and limit the occurence of ADRs, thus minimizing the patients'
suffering.

We also demonstrated that the development of ADRs
following chemotherapy was significantly correlated with
urine 17-OHCS levels. This finding suggests that 17-OHCS
may be used as an indicator for predicting the occurrence
of ADRs to chemotherapy. Therefore, pharmacological or
non-pharmacological interventions may be undertaken to
reduce 17-OHCS levels, in order to avoid the occurrence of
post-chemotherapy ADRs.

In summary, plasma TNF-a and IL-1 levels are signifi-
cantly correlated with CRF in non-small-cell lung cancer
patients. In addition, increased urine levels of 17-OHCS may
predict ADRs to chemotherapy. By testing these biomarkers
in the clinical practice, certain pharmacological or non-phar-
macological interventions may be implemented to achieve
personalized treatment and improve the QOL of the patients.
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