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Using inflammatory indexes and
clinical parameters to predict
radiation esophagitis in patients
with small-cell lung cancer
undergoing chemoradiotherapy
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Qunhao Zheng, Hui Li, Hongying Zheng,
Lingyun Liu and Jiancheng Li*

Clinical Oncology School of Fujian Medical University, Fujian Cancer Hospital, Fuzhou, China

Objective: Radiation esophagitis (RE) is a common adverse effect in small cell
lung cancer (SCLC) patients undergoing thoracic radiotherapy. We aim to
develop a novel nomogram to predict the acute severe RE (grade>2)
receiving chemoradiation in SCLC patients.

Materials and methods: the risk factors were analyzed by logistic regression,
and a nomogram was constructed based on multivariate analysis results. The
clinical value of the model was evaluated using the area under the receiver
operating curve (ROC) curve (AUC), calibration curves, and decision curve
analysis (DCA). The correlations of inflammation indexes were assessed using
Spearman correlation analysis.

Results: Eighty-four of 187 patients (44.9%) developed grade >2 RE. Univariate
analysis indicated that concurrent chemoradiotherapy (CCRT, p < 0.001),
chemotherapy cycle (p = 0.097), system inflammation response index (SIRI, p =
0.048), prognostic-nutrition index (PNI, p = 0.073), platelets-lymphocyte radio
(PLR, p = 0.026), platelets-albumin ratio (PAR, p = 0.029) were potential predictors
of RE. In multivariate analysis, CCRT [p < 0.001; OR, 3.380; 95% Cl, 1.767-6.465],
SIRI (p = 0.047; OR, 0.436; 95% Cl, 0.192-0.989), and PAR (p = 0.036; OR, 2.907;
95% Cl, 1.071-7.891) were independent predictors of grade >2 RE. The AUC of
nomogram was 0.702 (95% ClI, 0.626-0.778), which was greater than each
independent predictor (CCRT: 0.645; SIRI: 0.558; PAR: 0.559). Calibration curves
showed high coherence between the predicted and actual observation RE, and
DCA displayed satisfactory clinical utility.
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Conclusion: In this study, CCRT, SIRI, and PAR were independent predictors for
RE (grade >2) in patients with SCLC receiving chemoradiotherapy. We
developed and validated a predictive model through these factors. The
developed nomogram with superior prediction ability can be used as a
quantitative model to predict RE.

KEYWORDS

small cell lung cancer, radiation esophagitis, inflammation index, nomogram model,

radiation therapy

Introduction

Lung cancer is one of the most common malignant tumors and
the leading cause of cancer death globally (1). Small cell lung cancer
(SCLC) accounts for 15% of all lung cancers characterized by rapid
doubling time, early metastasis, and poor prognosis (2). According to
the Veterans Administration Lung Cancer Study Group
Classification, SCLC can be divided into limited-stage small cell
lung cancer (LS-SCLC) and extensive-stage small cell lung cancer
(ES-SCLC). Because small cell lung cancer is difficult to diagnose early,
only 2-5% of patients can be treated by surgery. And SCLC is sensitive
to chemotherapy and radiotherapy, so the primary treatment for most
patients is chemoradiotherapy (3). Nevertheless, radiation esophagitis
(RE) is a common adverse reaction in SCLC patients who receive
radiation therapy. In radiotherapy for lung cancer, it is impossible to
avoid esophageal irradiation completely because of several factors:
large, irregular shape and central location of lung cancer, often
involving mediastinal lymph nodes (LN), and the central location
and length of the esophagus (4, 5). Despite advances in radiotherapy
technology, RE is still a common side effect in patients
receiving chemoradiotherapy.

RE usually occurs within two months from the beginning of
radiotherapy to the end of radiotherapy. The typical symptoms of

Abbreviations: RE, radiation esophagitis; SCLC, small cell lung cancer; ROC,
receiver operating curve; AUC, the area under the receiver operating curve;
DCA, decision curve analysis; CCRT, concurrent chemoradiotherapy; SIRI,
system inflammation response index; PNI, prognostic-nutrition index; PLR,
platelets-lymphocyte radio; PAR, platelets-albumin ratio; OR, odds ratio; CI
confidence interval; LS-SCLC, limited-stage small cell lung cancer; ES-SCLC,
extensive-stage small cell lung cancer; IMRT, intensity modulated radiation
therapy; 3D-CRT 3-dimensional conformal radiation therapy; CT, computed
tomography; RT, radiotherapy; GTV, gross tumor volume; CTV, clinical
tumor volume; PTV, planned tumor volume; OARs, organs at risk; RTOG,
radiation therapy oncology group; ROTRC, European organization for
research and treatment of cancer; NCCN, national comprehensive cancer
network; SII, systemic immune-inflammation index; NLR, neutrophil-

lymphocyte ratio; ILs, interleukin; TGF-P, transforming growth factor.
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RE are dysphagia, retrosternal pain, burning, and other symptoms.
Some patients may also have esophageal perforation or esophageal
tracheal fistula and other serious complications. The development
of RE will affect the quality of life of patients and the efficacy of
local tumor control and treatment. Therefore, it may lead to
hospitalization or interruption, or early termination of treatment,
and the inability to eat requires a parenteral feeding tube in severe
cases (6). In a randomized trial, 21% of patients receiving
concurrent chemoradiotherapy (CCRT) stopped treatment
because of severe RE (7). Predicting RE allows clinicians to take
appropriate preventive measures in advance, such as medication,
dietary guidance, rehydration, or tube feeding. Identifying low-risk
patients with RE provides an opportunity to increase the dose of
radiotherapy to improve tumor control. Hence, identifying
predictive factors before the onset of RE may contribute to early
intervention to decrease or avert the occurrence of severe RE (8).

Although some predictors of RE have been identified, including
dosimetric factors and patient characteristics (9-11), it remains
unclear how these factors can be used in routine clinical practice.
Moreover, predictive models should at least perform better than
doctors themselves to aid treatment decisions. However, this has
been poorly studied in small cell lung cancer to the best of our
knowledge. Consequently, we decided to build a nomogram model
using clinical, dosimetric factors, and inflammation index to predict
RE in SCLC patients receiving chemoradiotherapy.

Materials and methods
Patients

Between December 2008 and June 2020, 187 SCLC patients
who received chemoradiotherapy at the Fujian Provincial Cancer
Hospital were retrospectively reviewed. Inclusion criteria for
eligible patients were: (A) Pathologically confirmed SCLC; (B)
Patients receiving chemoradiotherapy; (C) There is a complete
medical record of RE; (D) Received conventionally fractionated
radiotherapy with platinum-based chemotherapy; (E) Availability
of clinical and inflammatory data. Exclusion criteria were: (A)
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Patients had previously received chest radiotherapy for some
reason; (B) Underwent pneumonectomy; (C) Failed to
participate in the whole course of radiotherapy. (D) Hyper-
fractionated radiotherapy was administered. Finally, a total of
187 patients were enrolled. The Ethics Committee approved this
study at Fujian Provincial Cancer Hospital (K2021-115-01).

Treatment schedules

All patients were scheduled to receive intensity-modulated
radiation therapy (IMRT) or 3-dimensional conformal radiation
therapy (3D-CRT). The prescribed RT dose was 46 - 70 Gy, 23 -
35 fractions (once-daily), 5 days per week. Patients were
positioned by computed tomography (CT) simulation with a
postural fixation device. Contrast-enhanced CT scans cover the
entire chest from the cricoid cartilage to the costal diaphragmatic
angle (the range can be increased according to the tumor) with a
thickness of < 5 mm. Radiotherapy (RT) was performed using a
6MYV medical linear accelerator. According to the ESTRO ACROP
guidelines, the gross tumor volume (GTV) includes lung primary
tumors and involved or elective lymph nodes. The clinical tumor
volume (CTV) is obtained by expanding 5 mm in all directions
based on GTV. The planned tumor volume (PTV) is obtained by
expanding 5-8 mm in all directions based on CTV (12). Dose and
volume limits for organs at risk (OARs) were based on
Radiotherapy and Oncology Group (RTOG) guidelines.

The 187 eligible patients received individualized concurrent or
sequential chemoradiotherapy. The chemotherapy regimens
included etoposide, irinotecan, or paclitaxel with cisplatin,
carboplatin, lobaplatin, or nedaplatin. Most patients had received
etoposide 100 or 120 mg/m?2 day1-3 with cisplatin 75 or 60 mg/m2
day1 or carboplatin 80 or 60 mg/m2 dayl chemotherapy regimens.
Every three weeks was a cycle. The chemotherapy regimens
followed the National Comprehensive Cancer Network (NCCN).

Blood and biochemical parameters

Inflammation and nutritional index were calculated based
on blood and biochemical parameters. For example, systemic
immune-inflammation index (SII): absolute neutrophil count
times absolute platelet count divided by absolute lymphocyte
count. system inflammation response index (SIRI): absolute
neutrophil count times absolute monocyte count divided by
absolute lymphocyte count. neutrophil-lymphocyte ratio (NLR):
absolute neutrophil count divided by absolute lymphocyte
count. platelets-lymphocyte radio (PLR): absolute platelet
count divided by absolute lymphocyte count. prognostic-
nutrition index (PNI): serum albumin level plus five times
absolute lymphocyte count. platelets-albumin ratio (PAR):
absolute platelet count divided by serum albumin level. The
blood biochemical data were collected five days before therapy.
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Evaluation of radiation esophagitis

Toxic side effects were assessed weekly for each patient
during RT and monthly follow-up for three months after
completion of radiotherapy. Radiation esophagitis (RE) was
diagnosed by radiation oncologists based on clinical symptoms
and imaging evidence. RE was assessed and graded according to
the Radiation Therapy Oncology Group scale (RTOG)/
European Organization for Research and Treatment of Cancer
(EORTCQ). The highest grade of esophagitis was recorded during
treatment and follow-up. In this study, only grade > 2 radiation
esophagitis was considered an endpoint event.

Statistical analysis

In this study, all continuous variables are converted into
classification variables according to the optimal cut-off value of
the Receiver Operating Curve (ROC). The risk factors for grade 2
or higher radiation esophagitis (RE) were identified by univariate
logic regression analysis. Risk factors with p < 0.10 in univariate
analysis were incorporated into the multivariate logistic regression
analysis to determine independent predictors of the occurrence of
RE. The area under the ROC curve (AUC), calibration curve (with
1000 bootstrap resamples), and decision curve analysis (DCA)
were used to assess the clinical utility of the nomogram. The AUC
value of the nomogram was greater than that of each independent
predictor, indicating a preferable discrimination ability. The
calibration curve was used to assess the agreement between the
actual and predicted probability of occurrence of RE. DCA was
used to evaluate the clinical benefit of the nomogram by
quantifying net benefits at different threshold probabilities. The
correlations of inflammation indexes were assessed using the
Spearman correlation analysis. All statistical analyses were
performed using SPSS software (version 25.0) and R software
(version 4.0.2). All p values were double-tailed, and p < 0.05 was
considered statistically significant.

Results

Patient characteristics and incidence
of RE

Baseline characteristics of 187 eligible patients are presented
in Table 1. One hundred and seventy-four patients (93.0%) were
male, and thirteen patients (7.0%) were female. The median age
of patients was 60 years. A total of 94 patients were smokers, and
93 patients were non-smokers. Of all patients receiving
chemoradiotherapy, seventy-seven patients (41.2%) received
concurrent chemoradiotherapy. The median chemotherapy
cycle of a platinum-based chemotherapy regimen was four
cycles. Most of the patients (68.4%) were limited-stage small

frontiersin.org


https://doi.org/10.3389/fonc.2022.898653
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Qiu et al.

TABLE 1 Baseline characteristics of patients.

Variable

Gender
Male
Female
Age (years)
<60

>60
Smokers
No

Yes

RE

grade <1
grade>2
CCRT
No

Yes
Chemotherapy cycle
<4

>4

Stage
Limited
Extensive
Duration of radiotherapy (day)
<39

>39

RT dose (Gy)
<57.2
>57.2

SII
<415.2
>415.2
SIRI

<0.3

>0.3
NLR
<1.85
>1.85
PNI
<49.5
>49.5
PLR
<231.1
>231.1
PAR
<8.0

>8.0

Total (N)

174
13

85
102

93
94

103
84

110
77

81
106

128
59

89
98

82
105

96
91

37
150

97
90

109
78

163
24

159
28

10.3389/fonc.2022.898653

Percentage (%)

93.0%
7.0%

45.5%
54.5%

49.7%
50.3%

55.1%
44.9%

58.8%
41.2%

43.3%
56.7%

68.4%
31.6%

47.6%
52.4%

43.9%
56.1%

51.3%
48.7%

19.8%
80.2%

51.9%
48.1%

58.3%
41.7%

87.2%
12.8%

85.0%
15.0%

SCLC, small cell lung cancer; RE, radiation esophagitis; CCRT, concurrent chemoradiotherapy; RT, radiotherapy; SII, systemic immune-inflammation index; SIRI, system inflammation

response index; NLR, neutrophil-lymphocyte ratio; PNI, prognostic-nutrition index; PLR, platelets-lymphocyte radio; PAR, platelets-albumin ratio.
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cell lung cancer. The median duration of radiotherapy was 39
days, and the median RT dose was 57.2Gy. The optimal cut-off
values of SII, SIRI, NLR, PNI, PLR, and PAR were 415.2, 0.3,
1.85, 49.5, 231.1, and 8.0, respectively. In general, grade > 2 RE
incidence was 44.9% (84/187) in patients with SCLC
undergoing chemoradiotherapy.

Univariate and multivariate analyses

The Univariate and multivariate analysis results were shown
in Table 2. The potential factors for predicting RE were as follows:
CCRT (OR, 3.402; p < 0.001; 95% CI, 1.850-6.257), chemotherapy
cycle (OR, 0.609; p = 0.097; 95% CI, 0.340-1.093), SIRI (OR, 0.480;
p = 0.048; 95% CI, 0.231-0.999), PNI (OR, 0.581; p = 0.073; 95%
CI, 0.321-1.052), PLR (OR, 2.794; p = 0.026; 95% CI, 1.131-6.900),

10.3389/fonc.2022.898653

PAR (OR, 2.536; P = 0.029; 95% CI, 1.101-5.845) in the univariate
analysis. Risk factors with p < 0.10 in univariate analysis were
incorporated into the multivariate analysis to determine
independent predictors of the occurrence of RE. Multivariate
analysis indicated that CCRT (p < 0.001; OR, 3.380; 95% CI,
1.767-6.465], SIRI (p = 0.047; OR, 0.436; 95% CI, 0.192-0.989),
and PAR (p = 0.036; OR, 2.907; 95% CI, 1.071-7.891) were
independent predictors of grade =2 RE. Finally, these
independent predictors were utilized to construct the nomogram.

Development and validation
of a nomogram

Based on multivariate analysis results, concurrent
chemoradiotherapy, SIRI, and PAR were included in the

TABLE 2 Univariate and multivariate logistic regression analysis of the clinical, dosimetric factors and inflammation indexes in predicting grade >2 RE.

Parameters Univariate Analysis Multivariate Analysis
OR 95%CI P OR 95%CI P
Gender
Male vs. Female 0.948 0.306-2.936 0.926
Age (years)
<55 vs.255 0.641 0.336-1.225 0.178
Smokers
Yes vs. No 0.900 0.505-1.601 0.719
CCRT
Yes vs. No 3.402 1.850-6.257 <0.001 3.380 1.767-6.465 <0.001
Chemotherapy cycle
<4 vs. 24 0.609 0.340-1.093 0.097 0.943 0.487-1.826 0.861
Stage
Limited vs Extensive 0.951 0.511-1.769 0.874
Duration of radiotherapy (day)
<39 vs. 239 0.769 0.432-1.371 0.374
RT dose (Gy)
<57.2 vs. 257.2 0.635 0.354-1.137 0.127
SIT
<415.2 vs. 2415.2 1.430 0.802-2.550 0.226
SIRI
<0.3 vs. 20.3 0.480 0.231-0.999 0.048 0.436 0.192-0.989 0.047
NLR
<1.85 vs. 21.85 0.743 0.416-1.325 0.314
PNI
<49.5 vs. 249.5 0.581 0.321-1.052 0.073 0.602 0.303-1.198 0.149
PLR
<231.1 vs. 2231.1 2.794 1.131-6.900 0.026 1.783 0.601-5.291 0.298
PAR
<8.0 vs. 28.0 2.536 1.101-5.845 0.029 2.907 1.071-7.891 0.036

RE, radiation esophagitis; OR, odds ratio; 95% confidence interval; CCRT, concurrent chemoradiotherapy; RT, radiotherapy; SII, systemic immune-inflammation index; SIRI, system
inflammation response index; NLR, neutrophil-lymphocyte ratio; PNI, prognostic-nutrition index; PLR, platelets-lymphocyte radio; PAR, platelets-albumin ratio.
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nomogram model. The receiver operating curve (ROC) curves of
CCRT, SIRI, PAR, and the complex (CCRT, SIRI, and PAR)
were displayed in Figure 1. The AUC value of the nomogram
was 0.702 (95% CI, 0.626-0.778), which was greater than each
factor [CCRT: 0.645, 95% CI, 0.565-0.725; SIRI: 0.558, 95% CI,
0.475-0.642; PAR: 0.559, 95% CI, 0.475-0.642 (Figure 2A)]. It is
proved that the model had preferable discrimination ability. The
calibration curve displayed good consistency between the actual
and predicted probability of occurrence of RE (Figure 2B).
Finally, the DCA demonstrated favorable positive net benefits
of the nomogram in the threshold probabilities, indicating a
satisfactory clinical benefit of the model (Figure 2C).
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Correlation between inflammation
indexes

Spearman correlation was further applied to analyze the
correlation among SII, SIRI, NLR, PLR, and PAR. Spearman’s
analyses showed that there were strong positive correlations
between SIRI and SII (r=0.650, p < 0.001), SIRI and NLR
(r=0.680, p < 0.001), NLR and SII (r=0.850, p < 0.001), PLR
and SII (r=0.730, p < 0.001), PLR and PAR (r=0.670, p < 0.001)
(Figures 3A-E). Secondly, spearman’s analyses indicated
moderate positive correlations between NLR and PLR
(r=0.450, p < 0.001), PAR and SII (r=0.510, p < 0.001)
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Receiver operating characteristic (ROC) curves of clinical and dosimetric factors (CCRT), inflammation index (SIRI, PAR) and complex (SIRI, PAR,
CCRYT) for grade >2 RE. (A) ROC curves of SIRI; (B) ROC curves of PAR; (C) ROC curves of CCRT; (D) ROC curves of Complex (SIRI, PAR, CCRT);
RE, radiation esophagitis; SIRI, system inflammation response index; PAR, platelets-albumin ratio; CCRT, concurrent chemoradiotherapy; TPR,

true positive rate; FPR, false positive rate.
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FIGURE 2

Nomogram, Calibration curve and Decision curve predicting the development of grade >2 RE. (A) A nomogram incorporated SIRI, PAR and
CCRT in SCLC patients. (B) Calibration curves of the occurrence of grade >2 RE for SCLC patients in the nomogram. The X-axis and Y-axis
represent the predicted probability and actual probability respectively. The 45° dotted line showed the best predicted value. (C) Decision curves
of the occurrence of grade >2 RE for SCLC patients in the nomogram. The X-axis and Y-axis represent the threshold probabilities and the net
benefit respectively which is computed by adding the true positives and subtracting the false positives. The green, blue, purple and red lines
display the net benefit of the SIRI, PAR, CCRT and Complex, respectively. RE, radiation esophagitis; SIRI, system inflammation response index;

PAR, platelets-albumin ratio; CCRT, concurrent chemoradiotherapy

(Figures 3F-G). Finally, spearman’s analyses displayed that SIRI
was weakly positively correlated with PLR (r=0.270, p<0.001)
and PAR (r=0.160, p = 0.025) (Figures 3H, I).

Discussion

Chemoradiotherapy is the primary treatment regimen in
patients with small cell lung cancer (SCLC), especially limited-
stage small cell lung cancer (LS-SCLC) (13). In extensive-stage
small cell lung cancer (ES-SCLC), if patients had a complete or

Frontiers in Oncology 07

partial response to the initial systemic treatment, thoracic
radiotherapy can be performed (14). Surgery is available in
only 2-5% of patients, and a study has shown that
radiotherapy has better survival outcomes than patients who
underwent surgery (15). Therefore, chemoradiotherapy has
become the treatment of choice for most patients. Although
SCLC is sensitive to radiotherapy and chemotherapy, local
recurrence rates and survival prognosis are still unsatisfactory
(16). Several clinical studies suggested that shortening overall
treatment duration or increasing radiation dose may lead to
better survival outcomes (17-19). However, this improved
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survival rate comes at a cost, namely increased toxicity,

especially radiation esophagitis (RE) (17, 20). Consequently, it
is essential to recognize some of the factors associated with

severe RE.
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In this study, we established a nomogram model for grade >2

RE in SCLC patients who underwent chemoradiotherapy. We
investigated 14 factors associated with the risk of grade >2 RE,

including gender, age, smokers, CCRT, chemotherapy cycle,
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stage, duration of radiotherapy, RT dose, SII, SIRL, NLR, PNI,
PLR, and PAR. Our data showed that CCRT, SIRI, and PAR
were significantly correlated with grade >2 RE. As far as we
know, the combination of CCRT, SIRI, and PAR for
chemoradiotherapy in SCLC patients is the first nomogram
model reported to assess the occurrence of RE. The model
demonstrated remarkable good consistency and discriminative
ability between the predicted risks and observed results.
Bootstrap validation proved the stability of the model for
similar populations in the future. Decision curve analysis
(DCA) also showed potential clinical utility for future
clinical practice.

The relationship between concurrent chemoradiotherapy
(CCRT) and RE has been documented (11, 21-23). Compared
with patients who received sequential chemoradiotherapy or
radiotherapy alone, patients who received CCRT had an
approximately five-fold increased risk of developing acute RE
(11). Similarly, CCRT was significantly associated with grade >2
RE in our multivariate analysis. Due to the rapid doubling time
and high aggressiveness of SCLC, CCRT had a favorable survival
outcome in patients receiving chemoradiotherapy. However, for
malignant tumors involving the esophagus in the thoracic
radiation field, CCRT increased the incidence and degree of
acute esophageal injury (24). One possible reason is that the
daily administration of platinum keeps the concentration of
platinum in the tissue above the threshold level for radiation
enhancement, which leads to a relatively high frequency of RE.
And we must keep in mind that RE may damage the patients’
condition later. Esophageal stricture has been reported after a
long incubation period (25, 26). It is still an unsolved problem to
achieve satisfactory therapeutic effects while reducing toxic side
effects. One article reported that conserving the esophageal
technique can limit the occurrence of RE in patients with
non-small cell lung cancer receiving CCRT without
compromising local control (27). Therefore, we hope to
develop a more comprehensive individualized treatment plan
for chemoradiotherapy patients to reduce or avoid treatment-
related toxicity.

A large amount of radiation toxicities has been assumed to
be caused by radiation-induced inflammatory responses (28, 29).
And previous evidence has shown that some serum
inflammatory markers, including interleukin (ILs) and
transforming growth factor (TGF-P) were correlated with RE
(30-32). These studies emphasize the role of inflammation in the
toxicity of RT. Unfortunately, because these indicators were not
routinely monitored in the clinic, they were not widely utilized in
clinical practice. Whereas, the inflammatory indicators
including SII, SIRI, NLR, PLR, and PAR were simply
measured by neutrophils, platelets, monocytes, lymphocytes,
and albumins, which could be easily and conventionally
measured during treatment. At present, the role of
inflammatory index and incidence of RE in SCLC undergoing
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chemoradiotherapy has not been reported. To the best of my
knowledge, this is the first study to assess the association
between RE and inflammatory index in patients with SCLC.
Our results demonstrated that SIRI and PAR were independent
predictive factors of the grade >2 RE. SIRI < 0.3 and PAR > 8.0
were significantly associated with the occurrence of grade >2 RE.
Interestingly, the result was consistent with other studies of lung
cancer patients treated with chemoradiotherapy. A study has
indicated that concurrent chemoradiotherapy and neutropenia
were significantly associated with grade =2 RE (33). One study
suggested that high platelet counts and low hemoglobin levels
before radiotherapy were closely related to the occurrence of RE
(34). The decrease of neutrophils and platelets could reliably
reflect the systemic inflammation of cancer patients (35).
Albumin synthesis can be inhibited by reduced protein intake
or acute phase reaction, and inflammation was an important
factor leading to the decrease of albumin synthesis (36). In this
study, we preliminarily demonstrated a close relationship
between inflammation index and RE.

It should not be ignored that radiation esophagitis (RE) is a
common adverse effect of thoracic radiotherapy, affecting the
patient’s therapeutic effect and quality of life. Therefore, it
is necessary for SCLC patients receiving radiotherapy
to identify this toxicity as early as possible. Although there are
a few predictive models based on clinical and dosimetric
factors with good discriminative ability, the addition of new
biomarkers can improve the predictive power of RE. More
importantly, find biomarkers that are readily available and
clinically useful. The accurate prediction of RE is critical for
facilitating individualized radiation doses and maximizing
therapeutic benefits.

A few shortcomings should be pointed out here. First of all,
there might be a selection bias in our research due to the
retrospective research. Additionally, many patient factors were
not included in the study in this heterogeneous population. Some
of these features may be associated with the occurrence of RE in
individuals. Third, toxicity analysis of different grades of RE was not
performed in our study. Finally, the sample size of this study was
small, so a large number of queues were required to further
construct and verify the nomogram to predict RE.

Conclusion

To sum up, our research showed that CCRT, SIRI, and PAR
were independent predictive factors for grade =2 RE in SCLC
patients who underwent chemoradiotherapy. We developed and
validated a predictive model using these factors. The developed
nomogram with superior prediction ability can be used as a
quantitative model to predict RE. Any newly developed
predictive model will need further validation before it can be
advanced to clinical use.

frontiersin.org


https://doi.org/10.3389/fonc.2022.898653
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Qiu et al.

Data availability statement

The data that support the findings of this study are available
from the corresponding author upon reasonable request.

Author contributions

JL and JQ designed this study. JQ and DK contributed to the
data collection. HCL, YY, and HL analyzed the data. JL
supervised the study. JQ, YY, QZ, LL, HZ, and HL wrote the
manuscript. All authors contributed to the article and approved
the submitted version.

Funding

The project was supported by the National Clinical Key
Specialty Construction Program, Fujian provincial Clinical
Research Center for Cancer Radiotherapy and Immunotherapy
(Grant number 2020Y2012), and Fujian Clinical Research
Center for Radiation and Therapy of Digestive, Respiratory
and Genitourinary Malignancies (2021Y2014).

References

1. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, et al.
Global cancer statistics 2020: GLOBOCAN estimates of incidence and mortality
worldwide for 36 cancers in 185 countries. CA Cancer ] Clin (2021) 71(3):209-49.
doi: 10.3322/caac.21660

2. Gazdar AF, Bunn PA, Minna JD. Small-cell lung cancer: what we know, what
we need to know and the path forward. Nat Rev Cancer (2017) 17(12):725-37.
doi: 10.1038/nrc.2017.87

3. Kalemkerian GP. Small cell lung cancer. Semin Respir Crit Care Med (2016)
37(5):783-96. doi: 10.1055/s-0036-1592116

4. Bradley J, Graham MV, Winter K, Purdy JA, Komaki R, Roa WH, et al.
Toxicity and outcome results of RTOG 9311: a phase I-II dose-escalation study
using three-dimensional conformal radiotherapy in patients with inoperable non-
small-cell lung carcinoma. Int J Radiat Oncol Biol Phys (2005) 61(2):318-28.
doi: 10.1016/j.ijrobp.2004.06.260

5. Socinski MA, Morris DE, Halle JS, Moore DT, Hensing TA, Limentani SA,
et al. Induction and concurrent chemotherapy with high-dose thoracic conformal
radiation therapy in unresectable stage IITA and IITB non-small-cell lung cancer: a
dose-escalation phase I trial. J Clin Oncol (2004) 22(21):4341-50. doi: 10.1200/
JCO.2004.03.022

6. Werner-Wasik M, Yorke E, Deasy J, Nam J, Marks LB. Radiation dose-
volume effects in the esophagus. Int J Radiat Oncol Biol Phys (2010) 76(3 Suppl):
$86-93. doi: 10.1016/j.ijrobp.2009.05.070

7. O'Rourke N, Roque IFM, Farre Bernado N, Macbeth F. Concurrent
chemoradiotherapy in non-small cell lung cancer. Cochrane Database Syst Rev
(2010) 6):CD002140. doi: 10.1002/14651858.CD002140.pub3

8. Delgado BD, Enguix-Riego MV, Fernandez de Bobadilla JC, Herrero Rivera
D, Nieto-Guerrero Gomez JM, Praena-Fernandez JM, et al. Association of single
nucleotide polymorphisms at HSPB1 rs7459185 and TGFBI1 rs11466353 with
radiation esophagitis in lung cancer. Radiother Oncol (2019) 135:161-9.
doi: 10.1016/j.radonc.2019.03.005

9. Paximadis P, Schipper M, Matuszak M, Feng M, Jolly S, Boike T, et al.
Dosimetric predictors for acute esophagitis during radiation therapy for lung

Frontiers in Oncology

10

10.3389/fonc.2022.898653

Acknowledgments

We would like to thank all the investigators and patients and
acknowledge the work of Jiancheng Li, which remarkably
improved the quality of this paper.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

cancer: Results of a large statewide observational study. Pract Radiat Oncol (2018) 8
(3):167-73. doi: 10.1016/j.prro.2017.07.010

10. HuangJ, He T, Yang R, Ji T, Li G. Clinical, dosimetric, and position factors
for radiation-induced acute esophagitis in intensity-modulated (chemo)
radiotherapy for locally advanced non-small-cell lung cancer. Onco Targets Ther
(2018) 11:6167-75. doi: 10.2147/OTT.S174561

11. Palma DA, Senan S, Oberije C, Belderbos J, de Dios NR, Bradley JD, et al.
Predicting esophagitis after chemoradiation therapy for non-small cell lung cancer:
an individual patient data meta-analysis. Int ] Radiat Oncol Biol Phys (2013) 87
(4):690-6. doi: 10.1016/j.ijrobp.2013.07.029

12. Le Pechoux C, Faivre-Finn C, Ramella S, McDonald F, Manapov F, Putora
PM, et al. ESTRO ACROP guidelines for target volume definition in the thoracic
radiation treatment of small cell lung cancer. Radiother Oncol (2020) 152:89-95.
doi: 10.1016/j.radonc.2020.07.012

13. Levy A, Botticella A, Le Pechoux C, Faivre-Finn C. Thoracic radiotherapy in
small cell lung cancer-a narrative review. Transl Lung Cancer Res (2021) 10
(4):2059-70. doi: 10.21037/tlcr-20-305

14. Jeremic B, Shibamoto Y, Nikolic N, Milicic B, Milisavljevic S, Dagovic A,
et al. Role of radiation therapy in the combined-modality treatment of patients with
extensive disease small-cell lung cancer: A randomized study. J Clin Oncol (1999)
17(7):2092-9. doi: 10.1200/JC0.1999.17.7.2092

15. Fox W, Scadding JG. Medical research council comparative trial of surgery
and radiotherapy for primary treatment of small-celled or oat-celled carcinoma of
bronchus. ten-year follow-up. Lancet (1973) 2(7820):63-5. doi: 10.1016/s0140-
6736(73)93260-1

16. Faivre-Finn C, Snee M, Ashcroft L, Appel W, Barlesi F, Bhatnagar A, et al.
Concurrent once-daily versus twice-daily chemoradiotherapy in patients with
limited-stage small-cell lung cancer (CONVERT): an open-label, phase 3,
randomised, superiority trial. Lancet Oncol (2017) 18(8):1116-25. doi: 10.1016/
$1470-2045(17)30318-2

17. Turrisi AT, Kim K, Blum R, Sause WT, Livingston RB, Komaki R, et al.
Johnson: Twice-daily compared with once-daily thoracic radiotherapy in limited

frontiersin.org


https://doi.org/10.3322/caac.21660
https://doi.org/10.1038/nrc.2017.87
https://doi.org/10.1055/s-0036-1592116
https://doi.org/10.1016/j.ijrobp.2004.06.260
https://doi.org/10.1200/JCO.2004.03.022
https://doi.org/10.1200/JCO.2004.03.022
https://doi.org/10.1016/j.ijrobp.2009.05.070
https://doi.org/10.1002/14651858.CD002140.pub3
https://doi.org/10.1016/j.radonc.2019.03.005
https://doi.org/10.1016/j.prro.2017.07.010
https://doi.org/10.2147/OTT.S174561
https://doi.org/10.1016/j.ijrobp.2013.07.029
https://doi.org/10.1016/j.radonc.2020.07.012
https://doi.org/10.21037/tlcr-20-305
https://doi.org/10.1200/JCO.1999.17.7.2092
https://doi.org/10.1016/s0140-6736(73)93260-1
https://doi.org/10.1016/s0140-6736(73)93260-1
https://doi.org/10.1016/s1470-2045(17)30318-2
https://doi.org/10.1016/s1470-2045(17)30318-2
https://doi.org/10.3389/fonc.2022.898653
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Qiu et al.

small-cell lung cancer treated concurrently with cisplatin and etoposide. N Engl |
Med (1999) 340(4):265-71. doi: 10.1056/NEJM199901283400403

18. Schreiber D, Wong AT, Schwartz D, Rineer J. Utilization of
hyperfractionated radiation in small-cell lung cancer and its impact on survival.
J Thorac Oncol (2015) 10(12):1770-5. doi: 10.1097/JT0O.0000000000000672

19. Greonberg BH, Killingberg KT, Flotten @., Brustugun OT, Hornslien K,
Madebo T, et al. High-dose versus standard-dose twice-daily thoracic radiotherapy
for patients with limited stage small-cell lung cancer: an open-label, randomised,
phase 2 trial. Lancet Oncol (2021) 22(3):321-31. doi: 10.1016/s1470-2045(20)
30742-7

20. Farrell MJ, Yahya JB, Degnin C, Chen Y, Holland JM, Henderson MA, et al.
Radiation dose and fractionation for limited-stage small-cell lung cancer: Survey of
US radiation oncologists on practice patterns. Clin Lung Cancer (2019) 20(1):13-9.
doi: 10.1016/j.cllc.2018.08.015

21. Wang Z, Wan J, Liu C, Li L, Dong X, Geng H. Sequential versus concurrent
thoracic radiotherapy in combination with cisplatin and etoposide for N3 limited-
stage small-cell lung cancer. Cancer Control (2020) 27(1):1073274820956619.
doi: 10.1177/1073274820956619

22. Huang EX, Bradley JD, El Naqa I, Hope AJ, Lindsay PE, Bosch WR, et al.
Modeling the risk of radiation-induced acute esophagitis for combined
Washington university and RTOG trial 93-11 lung cancer patients. Int | Radiat
Oncol Biol Phys (2012) 82(5):1674-9. doi: 10.1016/j.ijrobp.2011.02.052

23. Bradley J, Deasy JO, Bentzen S, El-Naga I. Dosimetric correlates for acute
esophagitis in patients treated with radiotherapy for lung carcinoma. Int J Radiat
Oncol Biol Phys (2004) 58(4):1106-13. doi: 10.1016/j.ijrobp.2003.09.080

24. Hirota S, Tsujino K, Hishikawa Y, Watanabe H, Kono K, Soejima T, et al.
Endoscopic findings of radiation esophagitis in concurrent chemoradiotherapy for
intrathoracic malignancies. Radiother Oncol (2001) 58(3):273-8. doi: 10.1016/
s0167-8140(00)00274-7

25. Choy H, Akerley W, Safran H, Graziano S, Chung C, Williams T, et al.
Multiinstitutional phase II trial of paclitaxel, carboplatin, and concurrent radiation
therapy for locally advanced non-small-cell lung cancer. J Clin Oncol (1998) 16
(10):3316-22. doi: 10.1200/JC0O.1998.16.10.3316

26. Mahboubi S, Silber JH. Radiation-induced esophageal strictures in children
with cancer. Eur Radiol (1997) 7(1):119-22. doi: 10.1007/s003300050123

27. Ma L, Qiu B, Li Q, Chen L, Wang B, Hu Y, et al. An esophagus-sparing
technique to limit radiation esophagitis in locally advanced non-small cell lung

Frontiers in Oncology

11

10.3389/fonc.2022.898653

cancer treated by simultaneous integrated boost intensity-modulated radiotherapy
and concurrent chemotherapy. Radiat Oncol (2018) 13(1):130. doi: 10.1186/
513014-018-1073-3

28. Morgan GW, Breit SN. Radiation and the lung: a reevaluation of the
mechanisms mediating pulmonary injury. Int ] Radiat Oncol Biol Phys (1995) 31
(2):361-9. doi: 10.1016/0360-3016(94)00477-3

29. Roberts CM, Foulcher E, Zaunders J], Bryant DH, Freund J, Cairns D, et al.
Radiation pneumonitis: a possible lymphocyte-mediated hypersensitivity reaction.
Ann Intern Med (1993) 118(9):696-700. doi: 10.7326/0003-4819-118-9-
199305010-00006

30. Wang S, Campbell ], Stenmark MH, Stanton P, Zhao J, Matuszak MM, et al.
A model combining age, equivalent uniform dose and IL-8 may predict radiation
esophagitis in patients with non-small cell lung cancer. Radiother Oncol (2018) 126
(3):506-10. doi: 10.1016/j.radonc.2017.12.026

31. Guerra JL, Gomez D, Wei Q, Liu Z, Wang LE, Yuan X, et al. Association
between single nucleotide polymorphisms of the transforming growth factor betal
gene and the risk of severe radiation esophagitis in patients with lung cancer.
Radiother Oncol (2012) 105(3):299-304. doi: 10.1016/j.radonc.2012.08.014

32. Zhang L, Yang M, Bi N, Ji W, Wu C, Tan W, et al. Association of TGF-f1
and XPD polymorphisms with severe acute radiation-induced esophageal toxicity
in locally advanced lung cancer patients treated with radiotherapy. Radiother Oncol
(2010) 97(1):19-25. doi: 10.1016/j.radonc.2010.08.015

33. De Ruysscher D, Dehing C, Bremer RH, Bentzen SM, Koppe F, Pijls—
Johannesma M, et al. Maximal neutropenia during chemotherapy and radiotherapy
is significantly associated with the development of acute radiation-induced
dysphagia in lung cancer patients. Ann Oncol (2007) 18(5):909-16. doi: 10.1093/
annonc/mdmo005

34. Tang C, Liao Z, Zhuang Y, Levy LB, Hung C, Li X, et al. Acute phase
response before treatment predicts radiation esophagitis in non-small cell lung
cancer. Radiother Oncol (2014) 110(3):493-8. doi: 10.1016/j.radonc.2014.01.009

35. Gabay C, Kushner I. Acute-phase proteins and other systemic responses to
inflammation. N Engl ] Med (1999) 340(6):448-54. doi: 10.1056/
NEJM199902113400607

36. Kaysen GA, Dubin JA, Muller HG, Rosales L, Levin NW, Mitch WE, et al.
Inflammation and reduced albumin synthesis associated with stable decline in
serum albumin in hemodialysis patients. Kidney Int (2004) 65(4):1408-15.
doi: 10.1111/j.1523-1755.2004.00520.x

frontiersin.org


https://doi.org/10.1056/NEJM199901283400403
https://doi.org/10.1097/JTO.0000000000000672
https://doi.org/10.1016/s1470-2045(20)30742-7
https://doi.org/10.1016/s1470-2045(20)30742-7
https://doi.org/10.1016/j.cllc.2018.08.015
https://doi.org/10.1177/1073274820956619
https://doi.org/10.1016/j.ijrobp.2011.02.052
https://doi.org/10.1016/j.ijrobp.2003.09.080
https://doi.org/10.1016/s0167-8140(00)00274-7
https://doi.org/10.1016/s0167-8140(00)00274-7
https://doi.org/10.1200/JCO.1998.16.10.3316
https://doi.org/10.1007/s003300050123
https://doi.org/10.1186/s13014-018-1073-3
https://doi.org/10.1186/s13014-018-1073-3
https://doi.org/10.1016/0360-3016(94)00477-3
https://doi.org/10.7326/0003-4819-118-9-199305010-00006
https://doi.org/10.7326/0003-4819-118-9-199305010-00006
https://doi.org/10.1016/j.radonc.2017.12.026
https://doi.org/10.1016/j.radonc.2012.08.014
https://doi.org/10.1016/j.radonc.2010.08.015
https://doi.org/10.1093/annonc/mdm005
https://doi.org/10.1093/annonc/mdm005
https://doi.org/10.1016/j.radonc.2014.01.009
https://doi.org/10.1056/NEJM199902113400607
https://doi.org/10.1056/NEJM199902113400607
https://doi.org/10.1111/j.1523-1755.2004.00520.x
https://doi.org/10.3389/fonc.2022.898653
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Using inflammatory indexes and clinical parameters to predict radiation esophagitis in patients with small-cell lung cancer undergoing chemoradiotherapy
	Introduction
	Materials and methods
	Patients
	Treatment schedules
	Blood and biochemical parameters
	Evaluation of radiation esophagitis
	Statistical analysis

	Results
	Patient characteristics and incidence of RE
	Univariate and multivariate analyses
	Development and validation of a nomogram
	Correlation between inflammation indexes

	Discussion
	Conclusion
	Data availability statement
	Author contributions
	Funding
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


