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Abstract
Purpose: Radiation therapy effectively kills cancer cells and elicits local effects in the irradiated
tissue. The aim of this study was to investigate the kinetics of cytokines in the serum of patients
with lung cancer undergoing radiation therapy and to identify associations with metabolic tumor
burden as determined by 2-deoxy-2-fluoro-D-glucose (18F-FDG) positron emission tomography (PET).
Methods and materials: Forty-five patients with advanced non-small cell lung cancer were in-
cluded in a phase 2 clinical trial and randomized between fractionated thoracic radiation therapy
alone or concurrent with an epidermal growth factor receptor inhibitor. Blood was sampled at 4
different time points: prior to treatment, midtherapy, at the end of therapy, and 6 to 8 weeks after
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the start of treatment. The serum concentrations of 48 cytokines and 9 matrix metalloproteinases
were measured with multiplex immunoassays. A subset of patients was examined by 18F-FDG PET/
computed tomography before, during, and after radiation therapy. The maximum standardized uptake
values (SUVmax) of the primary lung tumor, whole-body metabolic tumor volume, and total lesion
glycolysis were calculated, and correlations between the PET parameters and cytokines were
investigated.
Results: The SUVmax decreased from baseline through midtherapy to posttherapy 18F-FDG PET/
computed tomography (P = .018). The serum levels of C-C motif chemokine ligand (CCL) 23, CCL24,
C-X3-C motif chemokine ligand 1, and interleukin-8 (C-X-C motif ligand [CXCL]8) were sig-
nificantly correlated to SUVmax, metabolic tumor volume, and total lesion glycolysis before, during,
and after radiation therapy. CXCL2 (P = .030) and CXCL6 (P = .010) decreased after the start of
therapy and changed significantly across the sample time points. Serum concentrations of CCL15
(P = .031), CXCL2 (P = .028), and interleukin-6 (P = .007) were positively correlated to the irra-
diated volume during the second week of treatment.
Conclusions: Cytokine serum levels vary and correlate with metabolic tumor burden in patients
with advanced non-small cell lung cancer undergoing palliative thoracic radiation therapy.
© 2018 The Author(s). Published by Elsevier Inc. on behalf of the American Society for
Radiation Oncology. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

Lung cancer is one of the most common types of cancers
and the number-one cause of cancer-related death
worldwide.1 Non-small cell lung cancer (NSCLC) repre-
sents 80% to 85% of all lung cancer cases, and the treatment
and prognosis largely depend on the disease stage at the
time of diagnosis. Patients with advanced disease have a
poor prognosis because the illness is beyond the possibil-
ity of curative treatment. The treatment of advanced NSCLC
includes systemic chemotherapy, immunotherapy, and/or
targeted therapy. In addition, many patients will benefit at
some point from radiation therapy.

Radiation therapy affects living cells by inducing DNA
damage and the loss of clonogenic potential.2 However, the
targeted tumor is not merely a collection of malignant cells;
it is infiltrated by tumor-associated fibroblasts, tumor
vasculature/lymphatic system, and immune cells, which are
also affected by the irradiation. It is evident that the tumor
microenvironment plays an important part in the re-
sponse to treatment.3,4 Indeed, tumor irradiation will lead
not only to cancer cell death but also induce cascades of
cellular processes that trigger angiogenesis and inflamma-
tory cell recruitment, remodeling of the extracellular matrix,
and processes that affect tumor metabolism.5,6

Aswitch to a glycolytic metabolism, the so-calledWarburg
effect, is favored in many tumor types.7 A combination of
2-deoxy-2 (18F) fluoro-D-glucose (FDG) positron emis-
sion tomography (PET) and computed tomography (CT)
exploits this cellular trait and enables the visualization and
quantification of the glucose metabolism in tumors. The
maximum standardized uptake value (SUVmax) is the rela-
tive tracer uptake in 1 voxel with the highest uptake within
a region or volume of interest that is selected by the
interpreter.8 Other metrics for analysis of tumor FDG uptake
include metabolic tumor volume (MTV) and total lesion

glycolysis (TLG). These are typically reported as the MTV/
TLG of a single lesion or the total MTV/TLG within the
patient.8 Several studies have assessed the changes in 18F-FDG
uptake during radiation therapy, and differences in respond-
ers and nonresponders have been reported.9-11 The intrinsic
molecular processes within the irradiated tumor, or rather
within the treated patient, that these changes represent and
how they affect treatment outcome remain largely unknown.

Cytokines are soluble polypeptides that participate in cell-
to-cell communication, either affecting neighboring cells
in a paracrine manner or distant cells by autocrine mecha-
nisms. Cytokines are important components in the promotion
of neoplastic growth but also are known to act as biologic
modulators after cancer treatment.12 Radiation therapy will
induce immediate responses in the irradiated tissue, with
an increased expression of cytokines instrumental in gen-
erating free radicals and oxidative stress, as well as cytokines
striving to restore homeostasis.13 Thus, cytokines have the
potential to affect cellular radiation sensitivity, and cytokine
levels in circulation may mirror the biologic changes induced
by radiation therapy.

In this paper, the levels of circulating cytokines and
matrix metalloproteinases (MMP) in serum and whole-
body glycolytic metabolic activity were investigated in
patients with advanced NSCLC before, during, and after
a course of radiation therapy. The objectives of this study
were to elucidate associations between cytokines/MMPs and
18F-FDG PET/CT parameters during treatment to unravel
treatment-associated mechanisms.

Methods and materials

Study population and data collection

Forty-five patients with advanced NSCLC were in-
cluded in an open-label, randomized, phase 2, clinical trial
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entitled the Thoracal Radiotherapy and Tarceva (ThoRaT)
study at Oslo University Hospital, Norway. Patients were
randomized to external beam fractionated radiation therapy
3 Gy × 10 alone or combined with a daily, orally admin-
istered epidermal growth factor receptor (EGFR) inhibitor,
erlotinib (Tarceva; Roche) throughout the radiation therapy
treatment (Supplementary Figure S1). Patients with all types
of NSCLC histologies were allowed in the study, as were
patients who had received prior systemic therapy. There were
no EGFR mutations present in the nonsquamous lung
tumors. Other eligibility criteria included Eastern Coop-
erative Oncology Group status of 0-2 and adequate hepatic,
renal, and bone marrow function. Treatment after radia-
tion therapy was permitted in accordance with the national
guidelines for treatment of lung cancer.

The baseline characteristics of the 45 patients with
NSCLC are listed in Table 1. NSCLC disease was staged
in accordance with the Union for International Cancer
Control TNM Classification of Malignant Tumors, 7th
edition. Histopathologic evaluations were collected from
pathology reports. The clinical information and results from
laboratory blood analyses were recorded at regular visits
to an oncologist before, during, and after treatment

completion. All data were registered in a database estab-
lished for the project.

Treatment protocol

Radiation therapy (3 Gy × 10) was administered by 2 op-
posing anterior-posterior/posterior-anterior 6 MV photon
beams encompassing the primary tumor (gross tumor
volume) plus margins covering subclinical disease, respi-
ratory motion, and patient setup variations. In a majority
of the patients, parts of the mediastinum were included in
the irradiated field, either because of verified metastases
or suspected microscopic disease. The irradiated volume
was estimated as the area receiving >90% of the maximum
dose (cm3).

Blood sample processing

Patient samples were collected at 4 time points: at in-
clusion, during the first and second weeks of radiation
therapy, and 6 to 8 weeks after the initiation of radiation
therapy. Blood samples were collected in serum tubes, stored
at room temperature for coagulation, and spun at 2450 g
for 15 minutes within 1 hour of sampling. The samples were
transferred into 250 µL aliquots (cryovials) and stored at
−80°C until analysis.

The sample set consisted of 43 serum samples taken
before radiation therapy, including 42 and 35 samples taken
the first and second week of radiation therapy, respec-
tively, and 25 samples taken at 6 to 8 weeks. A total of 19
patients completed blood tests at all 4 time points and 31
patients at the first 3 time points. The median irradiation
dose delivered in the first week of serum sampling was 9 Gy
(range, 6-24 Gy); median does in the second week 24 Gy
(range, 21-30 Gy).

Cytokine analysis

The serum levels of the 48 cytokines and 9 MMPs
(Table 2) were quantified with a multiplex bioassay (BioRad,
Hercules, CA) in accordance with the manufacturer’s in-
structions, as previously described.14 Concentrations were
calculated using an 8-parameter standard curve. All samples
were assayed in duplicate and averaged to calculate con-
centrations in the serum. Serum sampled at different time
points in individual patients was included on the same assay
plate.

18F-FDG PET/CT

The 18F-FDG PET/CT was used in a subset of patients
at 3 time points: before radiation therapy, during the course
of radiation therapy (midtherapy), and 6 to 8 weeks after

Table 1 Patient characteristics

Characteristic Number (n = 45) %

Age at inclusion (y), median (range) 69 (47-88)
Randomized to group

Radiation therapy 22 48.9
Radiation therapy and erlotinib 23 51.1

Sex
Male 32 71.1
Female 13 28.9

Smoking history
Current 13 28.9
Former 32 71.1

Pack-years
Median (range) 30 (4-144)

Performance status at baseline
0 8 17.8
1 22 48.9
2 15 33.3

Stage
III 12 26.7
IV 33 73.3

Histology
Adenocarcinoma 26 57.8
Squamous cell carcinoma 14 31.1
Not otherwise specified 5 11.1

Previous chemotherapy
Yes 17 37.8
No 28 62.2

Steroids during radiation therapy
Yes 15 33.3
No 30 66.7
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the start of treatment. All examinations were performed on
the same PET/CT scanner (Siemens Biograph 16, Siemens
Healthcare, Erlangen, Germany) with standard clinical ac-
quisition and reconstruction protocols. Images were
reconstructed using an iterative reconstruction with 2 it-
erations and 6 subsets. The 3.5 mm image pixel size was
displayed in a 168 × 168 matrix array. Emission data
were corrected for scatter, random events, and dead-time
losses using the manufacturer’s standard software and
postreconstruction. A Gaussian smoothing filter with a full
width half maximum of 5 mm was applied to the
images.

The CT images without contrast were obtained from
helical volume mode scanning (rotation time: 0.5 seconds;
pitch: 0.75; tube voltage: 120 kV; quality reference mAs:
50 for integral automatic exposure control [CareDose]; slice
thickness: 5 mm; distance between slices: 3 mm) were au-
tomatically fused with the PET images. The patients fasted
for at least 6 hours, and blood sugar levels were deter-
mined before the intravenous administration of 370 MBq
FDG. The following criteria need to be met for the PET
examination to be included in the study: 1) blood glucose
level <11 mmol/L,8 2) time between radiotracer injection
and image acquisition at 55 to 75 minutes, and 3) the time
difference between radiotracer injection and image acqui-
sition for each patient on different imaging sessions was
within ±10 minutes. No correction was applied for blood
glucose level. The patients were imaged from the vertex
to the proximal thighs.

The PET/CT scans were evaluated by nuclear medi-
cine physicians. A radiation oncologist delineated the primary
lung tumor (gross tumor volume) based on baseline PET/
CT and diagnostic CT scans. The PET/CT images were
transferred to an external computer and analyzed with in-
house-developed software in IDL, version 8.5 (Exelis Visual
Information Solutions Inc.; Harris Corporation, Boulder,
CO). The voxel values in the PET images were repre-
sented as SUVs that were normalized to body weight. For
each pathologic lesion, the metabolic tumor volume (MTVl)
was calculated as the volume of all voxels with SUV >2.515

and SUV >41% of SUVmax, lesion
8 while the total lesion gly-

colysis (TLGl) was calculated as MTVl × SUVmean,MTV.

Whole-body MTV/TLG was further calculated by sum-
mation of MTV/TLG from all malignant lesions. SUVmax

of the primary tumor was extracted for each patient and
imaging session.

The PET/CT was performed prior to radiation therapy
in 15 patients, midtherapy in 25 patients, and at 6 to 8 weeks
in 15 patients. All patients with PET/CT before the start
of therapy also had blood samples available for cytokine
analyses. Furthermore, 20 of 25 patients and 14 of 15 pa-
tients had PET/CT and blood samples at midtherapy and
at 6 to 8 weeks, respectively. Eight patients completed PET/
CT scans at all consecutive time points. The midtherapy
PET/CT was performed at a median irradiation dose of
18 Gy (range, 12-24 Gy).

Table 2 Complete list of cytokines and MMPs

CCL1 (C-C motif chemokine ligand 1/I-309)

CCL2 (monocyte chemotactic chemokine-1)
CCL3 (macrophage inflammatory protein-1 alpha)
CCL5 (RANTES)
CCL7 (monocyte chemotactic chemokine-3)
CCL8 (monocyte chemotactic chemokine-2)
CCL11 (eotaxin)
CCL13 (monocyte chemotactic chemokine-4)
CCL15 (macrophage inflammatory protein-1 sigma)
CCL17 (thymus and activation regulated cytokine)
CCL19 (macrophage inflammatory protein-3 beta)
CCL20 (macrophage inflammatory protein-3 alpha)
CCL21
CCL22 (macrophage derived chemokine)
CCL23 (myeloid progenitor inhibitory factor-1)
CCL24 (eotaxin-2)
CCL25 (thymus expressed cytokine)
CCL26 (eotaxin-3)
CCL27
CXCL1 (growth-regulated protein alpha)
CXCL2 (Growth-regulated protein beta)
CXCL5
CXCL6 (granulocyte chemotactic protein-2)
CXCL9 (monokine induced by gamma interferon)
CXCL10 (interferon gamma induced protein-10)
CXCL11 (interferon inducible T-cell alpha chemoattractant)
CXCL12 (stromal-derived factor 1 alpha + beta)
CXCL13
CX3CL1 (fractalkine)
IL-1b
IL-1ra
IL-2
IL-4
IL-6
IL-8 (CXCL8)
IL-10
IL-12p70
IL-16
IL-17a
SCYB16
Interferon gamma (IFNγ)
Tumor necrosis factor alpha (TNFα)
Tumor necrosis factor-related apoptosis-induced ligand (TRAIL)
Macrophage migration inhibitory factor (MIF)
Granulocyte-colony stimulating factor (G-CSF)
Granulocyte-macrophage colony-stimulating factor (GM-CSF)
Platelet-derived growth factor subunit B (PDGF-BB)
Vascular endothelial growth factor (VEGF)
MMP-1
MMP-2
MMP-3
MMP-7
MMP-8
MMP-9
MMP-10
MMP-12
MMP-13

CCL, C-C motif chemokine ligand; CXCL, C-X-C motif chemokine
ligand; CX3CL1, C-X3-C motif chemokine ligand 1; IL, interleukin;
MMP, matrix metalloproteinase.
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Statistical analysis

Data were reported using descriptive statistics with per-
centages, means, medians, and ranges. Nonparametric tests
(Mann-Whitney U/Kruskal-Wallis) were used to investi-
gate differences in the distributions of cytokine concentrations
in serum. A comparison of cytokine concentration changes
in different groups over time was analyzed with a 2-way
analysis of variance. Correlation analyses were performed
using Pearson or Spearman tests where appropriate. The
correlation analyses of PET/CT values and cytokine con-
centrations are presented as merged, but the analyses were
made separately at corresponding time points for all cytokines.
SPSS software, version 21 (SPSS, Inc.; Chicago, IL) and
R, version 3.2.2 (R Project for Statistical Computing, Vienna,
Austria) were used for the analyses. Two-sided P-values
<.05 were considered statistically significant. The analy-
ses in this paper were considered hypothesis-generating.

Ethical considerations

Patients who were included in this study signed a written
consent to participate. The project was approved by the Re-
gional Ethics Committee in South-East of Norway (reference
number 2012/320) and by the Radium Hospital internal
review board.

Results

The median level of SUVmax and TLG decreased from
baseline through midtherapy to posttherapy 18F-FDG PET
(Supplementary Table S1). MTV had a peak median value
at midtherapy PET. Only SUVmax decreased significantly
throughout treatment (P = .018). Figure 1 shows 18F-FDG
PET/CT images of a patient with a clear reduction in
SUVmax, MTV, and TLG from pretherapy to midtherapy
imaging section. Six weeks after therapy, the tumor 18F-FDG
uptake is only slightly above the blood background level.
Of note, this patient did not receive additional erlotinib.

The levels of C-C motif chemokine ligand (CCL) 23,
CCL24, C-X3-C motif chemokine ligand 1 (CX3CL1), and

interleukin (IL) 8 (C-X-C motif ligand [CXCL]8) were sig-
nificantly correlated to SUVmax, MTV, and TLG at all
corresponding time points (Table 3, Figs 2 and S2). Platelet-
derived, growth factor subunit B levels were significantly
correlated with SUVmax, but CCL20 and IL-6 were signifi-
cantly correlated with TLG at all time points.

Two of the 57 cytokines/MMPs measured had a sig-
nificant change in serum levels across all 4 time points
evaluated in the study: CXCL2 (P = .030) and CXCL6
(P = .010; Figs 3 and S3). The concentration of CXCL2
decreased from the serum level measured at the start of ra-
diation therapy throughout treatment to the lowest level,
measured at 6 to 8 weeks after treatment. CXCL6 levels
decreased during treatment to the lowest concentration level,
registered at week 2 of radiation therapy, followed by a slight
increase at 6 to 8 weeks. These changes were not depen-
dent on the use of steroids or on whether the patients had
received concomitant erlotinib during the radiation therapy
treatment (data not shown). The concentration levels of all
cytokines/MMPs evaluated at the individual time points are
listed in Supplementary Table S2.

CCL3 and MMP-8 levels measured during the second
week of treatment were significantly higher (P-values of

Figure 1 The 2-deoxy-2-fluoro-D-glucose positron emission tomography images of a patient showing the primary tumor (red arrow)
before radiation therapy (maximum standardized uptake values [SUVmax]: 16 [left]), midtherapy (SUVmax: 6.5 [middle]), and 6 weeks
after the end of therapy (SUVmax: 3.3 [right]). This patient was treated with radiation therapy without the addition of erlotinib.

Table 3 Correlations between 2-deoxy-2-fluoro-D-glucose posi-
tron emission parameters and cytokine/matrix metalloproteinase
serum levels

Cytokines SUVmax CC
(P-value)

MTV CC
(P-value)

TLG CC
(P-value)

CCL20 0.28 (.040)
CCL23 0.30 (.040) 0.55 (4.6e-05) 0.53 (.0001)
CCL24 0.30 (.040) 0.50 (.0003) 0.46 (.0008)
CX3CL1 0.29 (.040) 0.40 (.005) 0.39 (.005)
IL-6 0.35 (.010)
IL-8 (CXCL8) 0.35 (.010) 0.32 (.020) 0.40 (.004)
PDGF-BB 0.29 (.040)

Only cytokines that show significant associations with any of the posi-
tron emission tomography parameters are shown.
CC, correlation coefficient; CCL, C-C motif chemokine ligand;
CX3CL1, chemokine C-X3-C chemokine motif ligand 1; IL,
interleukin; MTV, metabolic tumor volume; PDGF-BB, platelet-
derived growth factor subunit B SUVmax, maximum standardized
uptake value; TLG, total lesion glycolysis.
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.014 and .037, respectively) in patients receiving erlotinib
in addition to radiation therapy compared with patients re-
ceiving radiation therapy alone. MMP-7 levels were
significantly lower in the erlotinib group (P = .008;
Supplementary Table S3).

The median irradiated volume from all patients was
748 cm3 (range, 84-3382 cm3). During the second week of
treatment, the serum concentrations of CCL15 (r = .377;
P = .031), CXCL2 (r = . 383; P = .028), and IL-6 (r = .459;
P = .007) were positively correlated with the irradiated
volume.

Discussion

18F-FDG PET/CT is an imaging modality that pro-
vides measurement of tracer uptake and how it varies both

spatially and temporally. SUVmax is a single voxel mea-
surement and does not necessarily represent the metabolic
tumor burden; it may also be adversely affected by noise.
Thus, other metrics for analysis of tumor FDG uptake, in-
cluding MTV and TLG, may be more relevant. Indeed, high
levels of MTV and TLG were associated with a poor prog-
nosis in patients with NSCLC in previous studies.16-18

In this study, SUVmax in the tumors decreased from base-
line to posttherapy, which is indicative of reduced metabolic
activity in the irradiated tumors. Whole-body MTV and TLG
did not change significantly, encompassing additional disease
that was not directly targeted by the local radiation therapy
treatment. However, there was substantial interpatient varia-
tion in the PET parameters. For example, from pre- to
midtherapy PET, the changes in MTV ranged from a −48%
volume reduction to a +55% volume increase. This indi-
cates that for advanced stage NSCLC, early changes in PET

Figure 2 Correlation matrix that depicts the 2-deoxy-2-fluoro-D-glucose positron emission parameters, maximum standardized uptake
values, metabolic tumor volume, and total lesion glycolysis before (be), midtherapy (mid), and 6 weeks after therapy (6w) and sig-
nificantly correlated cytokines at individual time points before therapy (be), during the first (1w) and second (2w) weeks of therapy,
and 6 weeks after therapy (6w). Positive correlations are displayed in blue and negative correlations in red. The intensity of color and
the size of dots are proportional to the correlation coefficients.
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parameters may identify responders. Indeed, other studies
have observed that changes in SUVmax and MTV mea-
sured during radiation therapy were predictive factors of
treatment response.9-11,19 However, the patients with NSCLC
in these studies were treated with different radiation therapy
regimes with regard to total dose and fractionation and with
curative intent, contrary to our study.

The effects of radiation therapy visualized by 18F-FDG
PET/CT correlated with serum levels of CCL23, CCL24,
CX3CL1, and IL-8 during the course of treatment. CCL23
and CCL24 are both released by macrophages and acti-
vated T-lymphocytes and attract resting T-lymphocytes,
eosinophils, and, to a lesser extent, neutrophils.20 The soluble
form of CX3CL1 has chemoattractant activity for T-cells
and monocytes but has no effect on neutrophils.21 In con-
trast, IL-8 remains the primary cytokine involved in the
recruitment of neutrophils.22

The 18F-FDG PET signal in a tumor reflects the me-
tabolism in both malignant cells and cells that compose the
tumor microenvironment. Radiation therapy leads to cell
death but also to an increased influx of macrophages and
other immune cells that constitute “competing processes.”
These processes result in either increased or decreased
18F-FDG PET signals in the irradiated tissue, both puta-
tively indicative of tissue radiation sensitivity.

Thus, cytokines may elucidate the treatment-associated
mechanisms, perhaps explaining treatment effect and con-
sequently the prognostic/predictive value of metabolic tumor
burden in patients with NSCLC. Notably, cytokine levels
were correlated to a higher degree with MTV and TLG than
with SUVmax. Whole-body MTV/TLG examined in this
cohort also reflected tumor tissue that was not irradiated
but capable of releasing cytokines. It is known that local-
ized radiation therapy can trigger systemic antitumor effects,
and the clinical implication of our findings warrants further
investigation.

The release of cytokines after radiation therapy has been
documented in previous studies, both in vitro and in vivo.
Desai et al demonstrated the secretion of cytokines IL-
1b, IL-1ra, IL-6, IL-8, IL-15, CX3CL1, CCL2, CXCL10,
platelet-derived growth factor-AA, tumor necrosis factor
(TNF) α, transforming growth factor β, vascular endothe-
lial growth factor, granulocyte-colony stimulating factor,
and granulocyte-macrophage colony-stimulating factor in
a dose-dependent manner in cell line studies.23

In vivo, irradiation elicits a complex response with
crosstalk between several actors within the tumor microen-
vironment as well as tumor cells, which is possibly reflected
in the systemic levels of cytokines. Previous studies on ra-
diation therapy in patients with NSCLC found stable levels
of several cytokines such as IL-1, IL-6, IL-10, and TNFα
throughout courses of radiation therapy, concurrent with
our results.24,25 In contrast, Wang et al discovered an in-
crease in IL-6, IL-10, and soluble receptor 1 for TNF during
treatment with radiation therapy in patients with NSCLC,
but notably, a majority of the patients investigated in this
study also received concomitant chemotherapy.26 Our cohort
consisted of patients with advanced NSCLC with a differ-
ent fractionation schedule and lower total irradiation dose.
Various radiation therapy regimes may have a dissimilar
impact on circulating cytokine levels. A recent study found
a difference in blood cytokine profiles during stereotactic
body radiation therapy versus intensity modulated radia-
tion therapy in patients with NSCLC, which supports that
notion.24

In the current study, chemokines CXCL2 and CXCL6
varied significantly at the measured time points. Secreted
by macrophages, CXCL2 is known to attract neutrophils
and to be mitogenic for alveolar epithelial cells.25 CXCL6
is secreted by cells of mesenchymal origin, pulmonary mac-
rophages, and peripheral blood monocyte-derived
macrophages.27 CXCL6 also chemoattracts neutrophils28 and

Figure 3 Serum concentration of C-X-C motif ligand (CXCL) 2 and CXCL6 measured at baseline, during the first and second weeks
of treatment, and 6 to 8 weeks after the start of treatment. Cytokine serum concentrations are measured in pg/mL.
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has been shown to promote tumor growth through an an-
giogenic effect in animal models.29

The expression of both CXCL2 and CXCL6 is found
to be mediated by the transcription factor nuclear factor
kappa B in tumor cells.30 Nuclear factor kappa B is con-
stitutively activated in several solid malignancies but also
transiently induced by ionizing radiation.31 The concen-
tration of CXCL2 decreased in serum throughout and after
the radiation therapy treatment in our study and was posi-
tively correlated with the volume of irradiated tissue.
Similarly, there was a reduction in serum levels of CXCL6
during radiation therapy treatment. Whether induced by
tumor cells, by cells of the tumor microenvironment, or by
the normal cells of the lung tissue, there was a change during
radiation therapy, suggesting less call for neutrophils and
possibly reduced inflammation.

Exposure to ionizing radiation can induce an upregulation
of cytokines but also activate prosurvival pathways in the
irradiated tissue, such as the EGFR pathway.32 The pa-
tients in our study who received an EGFR inhibitor in
addition to radiation therapy had a higher median serum
level of CCL3 and MMP-8 and a lower serum concentra-
tion of MMP-7 in the second week of irradiation compared
with patients in the radiation therapy group. Preclinical
studies have shown that EGFR inhibitors can increase ra-
diation sensitivity. Interestingly, elevated CCL3 levels were
recently proposed to be of importance in observed out-of-
field DNA damage after local thoracic irradiation in patients
with NSCLC.33

Conclusions

We explored serum cytokine concentrations of pa-
tients with advanced NSCLC throughout radiation therapy
treatment and how they correlate with 18F-FDG PET-derived
measurements of metabolic tumor burden and irradiated
volume. Although 18F-FDG PET is an established indica-
tor for prognosis and a promising predictor of treatment
response, the biologic processes related to tumor glucose
metabolism and how it changes during treatment are not
fully understood. This study showed significant correla-
tions between several cytokines and metabolic tumor
burden, but the results will need to be validated in a
larger cohort.
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