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ABSTRACT

Background: To investigate the expression of TNF-q, IL-6, IL-10 in the plasma
of patients with lung cancer who received radiation therapy (RT), and to
analyze the correlation between these cytokines and radiation pneumonitis
(RP). Materials and Methods: Patients with lung cancer who received 3D-
CRT in our hospital were prospectively evaluated. Circulating cytokine levels
were measured with ELISA before RT and at the end of RT. Regular follow-up
was undertaken 3 months after RT. Statistical analysis was applied to
determine the relevance of cytokines to radiation-induced lung injury.
Results: Of 104 patients, 29 (27.9%) developed RP. The levels of TNF-a and IL
-6 levels in the plasma after RT were significantly higher than before RT
(p<0.05), whereas IL -10 levels were significantly lower after RT than before
RT (p<0.05). Before RT, TNF-a levels were higher in RP group (p<0.05),but
there were no differences in TNF-a levels after RT. No association was
observed between IL-6 and IL-10 levels and the risk of RP. Univariate analysis
showed that baseline pulmonary function, smoking history, histopathology,
lung volume receiving 220 Gy (V20), Mean lung dose (MLD) and total
radiation dose were related to RP, but only MLD was an independent risk
factor for RP in lung cancer patients (OR>1). Conclusion: TNF-a levels in
plasma were closely related to RP but still cannot be used as predictors for
RP.

Keywords: Radiation pneumonitis, tumor necrosis factor—a, interleukin-6,
Interleukin-10, lung cancer.

INTRODUCTION

Radiation therapy (RT) plays an important
role in the treatment of lung cancer. Increased
radiation doses improve local control, but also
cause more pulmonary toxicity (1).Radiation
pneumonitis (RP) is one of the most serious
complications in thoracic radiotherapy,
occurring during RT or in the previous 3 months
following RT (2. RP limits the patient’s ability to
finish RT at the prescribed dose and achieve the
proper course of treatment. In addition, RP
decreases pulmonary function and affects the
patient’s quality of life. RP is essentially a type of
aseptic inflammation, so the condition cannot be
reversed. Therefore, preventing RP is vital.

To date, the mechanisms of RP are still

obscure. Among the hypotheses, the theory of
cytokines attracts the most attention. Studies
indicate that the large number of free radicals
produced by radiation triggers a series of
cascade reactions in the early stage of irradiation
3. 4. These free radicals cause dysfunction of
vascular endothelial cells, hypoxia, and an
increase in  vascular permeability and
edema (34). These changes promote migration,
accumulation and activation of monocyte-
macrophages, which cause oxidative stress and
release a mass of cytokines 3.4). And eventually
cause apoptosis, collagen deposition and fibrosis
(3.4). Cytokines play an important role in this
procedure. Basic and clinical research indicate
that the cytokines involved in RP can be divided
into two categories. TGF-a, PDGF, ET-1, EGFR
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and CRP which belong to the first category,
promote the proliferation and differentiation of
fibroblasts and regulate the degradation of
extracellular matrix (). The second category of
cytokines including TNF-qa, IL-1, IL-6 and IL-10,
primarily mediate inflammatory response .

TNF-a is both a pro-inflammatory cytokine
and a regulator of the cytokine network. Binding
of TNF-a to its receptor stimulates multiple
signal  transduction  pathways, inducing
expression of a variety of transcription factors
and cytokines, growth factors, intercellular
adhesion molecule and acute phase proteins (6.7,
In addition, TNF-a promotes the growth of
fibroblasts and stimulates the synthesis and
release of cytokines such as IL-6, IL-1 and IFN,
and then produces a cascade effect of cytokines
(67, TNF-a levels in the lung increase
significantly after radiation and radiation-
induced pulmonary injury was reduced by
lowering the TNF-a level (). Therefore, TNF-a
plays a key role in RP.

IL-6 is synthesized and secreted by various
cells in the lung parenchyma, including alveolar
macrophages, Il-alveolar cells, T lymphocytes
and pulmonary fibroblasts (© 10, [L-6 is an
important pleiotropic cytokine that regulates
immune responses and inflammatory response
by inducing hepatocytes and lung fibroblasts to
release CRP, SSA and other acute phase proteins
(9, 10). IL-6 levels in the serum can be used to
judge the inflammatory state of the lung. Nicole
et al. showed that the level of IL - 6 is higher in
the irradiated side of the lungs than in the non-
irradiated side (11). Minako etal demonstrated
that IL-6 KO mice have an inherent resistance to
the acute phase of alveolar damage after
thoracic irradiation (12),

IL-10 is an anti-inflammatory and anti-
oxidative interleukin related to RP by
suppressing TNF-a. Research confirmed that the
flat wound exhibited by IL-10 knockout fetal
mice was an inflammatory reaction involving
abnormal collagen deposition, whereas normal
skin grafts presented minor inflammation and
healed well. Therefore, IL-10 is a negative
regulator of fibroblast proliferation and collagen
deposition.

Cytokines not only play an important role in
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the pathogenesis and pathological process of RP,
but are also meaningful in predicting RP. In this
study, we discuss the predictive effect of
inflammatory  cytokines. Research has
demonstrated that drugs such as ulinastatin can
decrease the circulating levels of these cytokines
and reduce the incidence and grade of RP (13). To
some degree, this demonstrates a correlation
between cytokines and RP. Research has shown
that in the process of acute lung injury, IL-6, TNF
-a and other inflammatory cytokines can predict
the severity of lung injury accurately (14). In
addition, there is a relationship between the
expression levels of IL-6, IL-10 and other
inflammatory cytokines and occurrence of
radiation-induced lung injury in thoracic RT (13).
However, it is still controversial whether these
cytokines can be used to predict RP. Therefore,
we investigated the correlation between
cytokines (TNF-q, IL-6, IL-10) levels and the
occurrence of RP, and evaluated risk factors for
RP in lung cancer patients. Thus, individuals at
high-risk for RP can be identified before RT,
thereby reducing the incidence of RP in patients
receiving RT.

MATERIALS AND METHODS

Clinical data and ethics statement
Patients with lung cancer who received

thoracic conformal radiotherapy in
Jiaozhou Central Hospital from January 2013
to September 2014 were prospectively

evaluated. Exclusion criteria included under the
age of 18 years, life expectancy less than 6
months, Karnofsky Performance Status < 60%,
history of radiation treatment. All patients
signed an informed consent form before
registration. The procedures were approved by
an independent protocol review committee and
ethics committee in Qingdao University.

Radiotherapy

All the patients received 3D conformal
radiotherapy. The radiotherapy planning varied
among the patients in accordance with their
actual condition. Generally, clinical tumor volume
included gross tumor volume and related lymph
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node regions. The dose was 60 to 70 Gy in 2.0 to
2.5 Gy daily fractions over 6 to 7 weeks for
inoperable patients and 45-58 Gy for patients
who received surgical intervention. The mean
lung dose (average dose to the CT-defined total
lung volume, excluding the gross volume) and
V20 (lung volume receiving =20 Gy) were
calculated from lung DVHs (Dose-volume
histogram parameters). Mean lung dose (MLD)
was restricted to <20 Gy and total lung V20 was
confined to < 35%.

Cytokine analysis

The levels of TNF-a, IL-6, and IL-10 were
measured before RT and at the end of RT. To
obtain plasma, 2ml of venous blood was
collected from the fasting patients and
centrifuged at 3000 rpm for 10 minutes at low
temperature. The plasma samples were divided
into three tubes, and stored at -70°C. TNF-a, IL-6
and IL-10 levels were measured by ELISA
according to the manufacturer’s instructions.

Evaluation of radiation pneumonitis

To evaluate lung injury and the effect of
irradiation,  physical examinations  were
performed by at least two radiation oncologists
weekly during the course of RT and once every
month for 3 months after RT. A chest computed
tomography scan was performed before RT and
at each monthly follow-up evaluation after RT.
The diagnosis of RP was concluded from clinical
symptoms (dry cough, low-grade fever, chest
pain and shortness of breath), imaging tests (CT
imaging include a diffuse haziness or fuzziness
in the areas of the irradiated lung, which form a
relatively sharp edge corresponding to the
shape and size of the radiation field. The
haziness does not disappear after one week’s
treatment of antibiotic and pulmonary function,
in accordance with RTOG (16) for acute RP.
Pneumonitis grading was according to the
National Cancer Institute Common Toxicity
Criteria 4 (7). In our study, a gradez=1 was
considered as RP.

Statistical analysis
Data were analyzed using SPSS software
(version 19.0). Student’s t-test was used to
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compare two group’s mean values, and the chi-
square test was used for qualitative data, if not
appropriate, non-parametric should be used.
Logistic regression analysis was performed for
seeking predictive factors of RP. P values <0.05
were considered to be statistically significant,
and all tests were two-sided.

RESULTS

Follow-up result

There were 107 patients enrolled in this
study. Among these patients, two patients died
due to cancer progression and pulmonary
inflammation, and one patient was lost during
follow-up. Nine of the remaining 104 patients
developed RP during RP, and 20 patients
developed RP after RT. The incidence of RP
was therefore 27.9%. According to the
RTOG grading standard, 10 patients had grade 3
RP, 11 patients had grade 2 RP, and 8 patients
had grade 1 RP. The frequencies of grades 3, 2
and 1 RP were 9.6%, 10.6% and 7.7%,
respectively. No cases of grade 4 RP were
recorded.

Patient  characteristics and radiation
pneumonitis

Multiple characteristics of the patients are
listed in table 1. The age of the patients ranged
from 26 to 80 years, with a median age was
59.52 and a mean age of 62.19 + 11.64. There
were 63 patients (60.58%) older than 65 years.
Fifty-four patients (51.92%) had small cell lung
cancer. Surgery was performed in 32 patients
(30.77%). Fifty-six patient’s cases (53.85%)
received concurrent chemotherapy based on
cisplatin, with or without paclitaxel, etoposide or
pemetrexed. Thirty-five patients (33.65%)
received chemotherapy before RT, but no more
than two treatments. Only 13 patients (12.50%)
received radiotherapy alone. Forty-one patients
(39.42%) received a total dose <60Gy, and 63
patients (60.58%) received a total dose > 60Gy.
The median MLD was 15.8Gy, and the median
V20 was 27.8%. Univariate analysis indicated
that baseline pulmonary function, smoking
history, histopathology, V20, MLD, and total
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radiation dose correlated with RP. The
relationship between clinical factors and the
occurrence of RP is listed in table 1.

Cytokine levels and radiation pneumonitis
Table 2 shows the levels of TNF-a, IL-6 and
IL-10 in the plasma before and after RT.TNF-a
and IL-6 levels were significantly increased after
RT, whereas IL-10 was significantly decreased.
The levels of IL-10 varied widely. We then
analyzed the differences in these three cytokines

between the patients who developed RP and the
patients that did not. There were no differences
in the baseline values between the two groups
except for TNF-a. Furthermore, the levels of the
three cytokines after RT were not significantly
different between the two groups. The baseline
level of TNF-a was higher in the group that
developed RP, and expressed individual
differences. The effects of cytokines on RP are
shown in tables 3 and 4.

Table 1. Patient characteristics and their relationship with the occurrence of RP.

Characteristics RP (n=29) | Non-RP (n=75) P
Age
<65 41 9 32 0.371
=65 63 20 43
Sex
Male 50 17 33 0.197
Female 54 12 42
Karnofsky Performance Status
<80 34 11 23 0.493
>80 70 18 52
Pulmonary function
Normal 68 8 60 0.000
Abnormal 36 21 15
Smoking history
Yes 74 16 58 0.025
No 30 13 17
Histopathology
NSCLC 50 19 31 0.027
SCLC 54 10 44
Clinical stage
I 45 10 35 0.398
I 32 9 23
v 27 10 17
Previous surgery
Yes 32 12 20 0.157
No 71 17 54
Chemotherapy
Concurrent 56 20 36 0.150
Sequential 35 7 28
No 13 2 11
Total dose of RT
<60Gy 41 7 34 0.047
>60Gy 63 22 41
V20
median 27.8 29.3 27.2 0.008
MLD
median 15.8 16.8 154 0.000
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Table 2. The levels of TNF-a, IL-6 and IL-10 in all patients before and after RT.

Cytokine Pre-RT (pg/ml) Post-RT (pg/ml) t P
TNF-a 30.2946.29 47.92+11.64 7.625 0.000
IL-6 10.29+3.17 17.06%5.92 9.478 | 0.000
IL-10 98.06+17.40 47.14+13.52 8.146 | 0.000

Table 3. The levels of TNF-a, IL-6 and IL-10 before RT in patients who developed RP and patients who did not develop RP.

Cytokines RP (n=29) (pg/ml) Non-RP (n=75) (pg/ml) t P
TNF-a 35.92+13.20 22.94+8.12 8.746 0.000
IL-6 9.82+4.17 11.04+4.59 0.286 0.752
IL-10 46.93+10.84 48.36+11.29 0.449 0.512

Table 4. The levels of TNF-q, IL-6 and IL-10 after RT in patients who developed RP and patients who did not develop RP.

Cytokines RP(n=29) (pg/ml) Non-RP(n=75) (pg/ml) t P
TNF-a 46.82+12.57 48.49+11.63 1.024 0.916
IL-10 95.82+13.17 104.49+18.06 0.413 0.510
IL-6 18.26%5.40 16.94+4.36 0.279 0.794

Predictive factors of radiation pneumonitis
Baseline level of TNF- a, baseline pulmonary
function, smoking  history, concurrent
chemotherapy, histopathology, V20, MLD and
total radiation dose were evaluated in the
multivariate analysis. Logistic regression
analysis indicated that none of these elements
was independent prognostic factors for RP,
except MLD. The OR was 1.912 and the 95%
confidence interval was 1.014 to 2.579.

DISCUSSION

RP is the most important dose-limited
toxicity. According to reports, the incidence of
acute radioactive lung injury is 5% to 37%.
Approximately 10% to 20% of non-small-cell
lung cancer (NSCLC) patients developed severe
lung toxicity after thoracic irradiation, and about
1.6% of these patients died from RP (18-21), In this
study, the incidence of RP was 27.9% and the
incidence of grade 3 RP was about 9.6%, which
consistent with reported results. No RP-related
deaths occurred in our study. Although two
patients died, there was no clear evidence

177

indicating that the deaths were due to RP.

We have discussed a link between cytokines
and RP. Research indicates that mice deficient in
TNF-a or the TNF receptor exhibit reduced
apoptosis induced by irradiation and pulmonary
damage (22.23). Rube et al showed that there are
two peaks of IL-6 expression when C57BL/6
mice receive 12 Gy radiation, the first peak
appeared within 1-6 h and the second peak
appeared after 8 weeks, coincident with the
development of RP (24.In our research, the
plasma levels of TNF-a and IL-6 were greater
after RT than before RT. The plasma level of IL-
10 decreased after RT, indicated that irradiation
can cause changes in IL-10.These results are
consistent with previous studies and further
demonstrate the importance of these cytokines
in the development of RP.

Although TNF-a, IL-6 and IL-10 play a
curious role in RP, whether they should be
regarded as predictive factors of RP is
controversial. Arpin etal indicated that early
variations in circulating IL-6 and IL-10 levels
during 3D-CRT are significantly associated with
the risk of RP and may serve as independent
predictive factors for this complication (5.
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RTOG 91-03 indicated that elevations in serum
IL-6 levels after 10 Gy of lung irradiation can
predict grade =2 acute lung toxicity 5. Chen et
al. found that IL-6 levels were significantly
higher before, during and after irradiation in
patients with RP (26). A meta-analysis revealed
that IL-6 levels may correlate with the risk of RP
in Caucasians with lung cancer, but the
relationship is mild in Asians (27,

In our study, the baseline serum levels of IL-
6 and IL-10 were similar between the RP group
and non-RP groups. Furthermore, the levels of
the three cytokines after RT were similar
between the two groups. The baseline TNF-a
level was higher in the RP group, and expressed
individual differences. @~ However, logistic
regression analysis indicated that none of these
elements were predictors for RP. Our result are
consistent with those from Rube et al. who found
that plasma TNF-a and IL-6 levels did not
correlate with RP during a 9 month follow-up
(28). Other studies also found no significance
correlation between these three cytokines and
RP (29.30), Toshiyuki etal showed that IL-6
receptor antibody treatment does not
ameliorate RP, even with a higher dose and
longer course of treatment (31). The primary
reason for these differences is that cytokines are
produced both in normal lung tissue after
irradiation and in NSCLC tumor cell (28). Fu et al
noted that ethnicity maybe another reason of
these differences, due to the differences in
environments, genetic backgrounds and risk
factors related to the lifestyles among the
populations 27), Furthermore, the differences in
experimental methodology and patient eligibility
may contribute to this discrepancy. Therefore,
more prospective, large sampled and strictly
designed trials should be performed.

The results of this study show that there is a
close relationship between the total dose of RT
and the occurrence of RP. A total dose
of 260Gy may increase the risk of RP. In
addition, dose-volume histogram parameters,
such as MLD and V20, have been shown to be
predictors of RP (21.29), which is consistent with
our results. The incidence of RP is higher in non-
small cell lung cancer than in small cell lung
cancer. Perhaps target volume and dose
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distribution lead to the differences in the
incidence of RP and the poor comparability. As
for clinical factors, the differences in the type of
lung cancer, pulmonary function before
treatment and total dose of RT between the two
groups (RP and non-RP) were statistically
significant. Therefore, combining dose-volume
histogram parameters with biological factors,
while taking clinical factors into consideration
can effectively improve our ability to predict RP.
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