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Abstract

Purpose—There are limited data regarding clinical and treatment factors associated with
radiation pneumonitis (RP) in patients receiving Taxane-based tri-modality therapy for esophageal
cancer. The purpose of this study was to identify predictors of RP in patients undergoing tri-
modality therapy.

Materials and Methods—We retrospectively reviewed patients undergoing chemoradiation
followed by esophagectomy between 2006-2011. The association between clinical and dosimetric
factors with RP was assessed using Chi-square test and Mann-Whitney U test. Multivariable
(MVA) regression was used to assess the relationship between grade 2+ RP and clinical/dosimetric
factors. Receiver operator curves were generated to identify threshold doses for RP.

Results—A total of 139 patients were included; 19 (13.7%) patients experienced grade 2+ RP.
Patients with upper/middle thoracic tumors (p=0.038) and receiving higher radiation doses
(p=0.038) were more likely to develop grade 2+ RP. There was no association between taxane-
based therapy and grade 2+ RP (p=0.728). The total lung V5 (p<0.001), V10 (p<0.001), V20
(p<0.001), and V30 (p<0.001) were associated with an increased risk of grade 2+ RP. On MVA,
the lung V5 (OR 1.101 95% CI 1.1014-1.195) and V20 (OR 1.149 95% CI 1.1015-1.301)
remained associated with grade 2+ RP. A VV5<65% and V20< 25% were identified as optimal
thresholds for increased grade 2+ RP.

Conclusions—Dosimetric parameters are strong predictors of symptomatic RP in patients
undergoing tri-modality therapy for esophageal cancer. Mitigating the risk of RP in these patients
should be an important consideration during treatment planning.
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Introduction

Multimodality therapy involving neoadjuvant chemoradiation followed by esophagectomy is
the standard of care in the management of locally advanced esophageal cancer. Due to the
aggressive approach, patients are at risk for surgical complications and radiation related
toxicity. With improving survival in these patients, minimizing potential late toxicity is
becoming increasingly important.

Radiation pneumonitis (RP) is one of the dose limiting factors in the delivery of radiation for
thoracic malignancies. In addition to clinical factors such as pre-existing pulmonary
comorbidities and smoking history, radiation dosimetric factors are a known predictor of

RP 1.2, Furthermore, prolonged lung ventilation during surgical procedures can cause lung
injury due to multiple mechanisms 3. Limiting radiation dose below certain thresholds has
been advocated to minimize the potential risk for RP. The Quantitative Analysis of Normal
Tissue Effects in the Clinic (QUANTEC) study recommended a lung V20 < 30-35% and
MLD < 20-23 Gray (Gy) to limit the risk of RP to < 20% in definitive radiation for non-
small cell lung cancer with conventional fractionation 2.

Literature regarding the impact of radiation dose on pulmonary toxicity in patients
undergoing multimodality therapy for esophageal radiation is limited. Furthermore, despite
the increasing adoption of taxane-based chemoradiation regimens, data regarding its impact
on radiation-related toxicity is limited. The purpose of this study was to identify predictors
of RP in a cohort of patients undergoing multimodality therapy for esophageal cancer.

Materials and Methods

Patient Selection

Following IRB approval, we identified all patients undergoing neoadjuvant chemoradiation
followed by esophagectomy for esophageal cancer at an NCI-designated cancer center
between 2006 and 2011. Exclusion criteria were surgery or radiation at an outside facility or
patients who did not complete tri-modality therapy. Patients with incomplete treatment
information were not included in the analysis.

All patients underwent staging pre- and postoperatively according to the tumor-node-
metastasis classification of the American Joint Committee for Cancer Staging Seventh
edition 4. Pretreatment clinical staging routinely included positron emission tomography
(PET)/CT scan, esophagogastroduodenoscopy and biopsy, bronchoscopy, and endoscopic
ultrasound (EUS).. Patient (age, gender, diagnosis date, pathology) and treatment
characteristics (type of chemotherapy, radiation dose, type of surgery) were extracted using
patient medical records. Extracted data included age, gender, tumor staging, and location of
tumor.
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The radiation treatment technique was at the discretion of the treating radiation oncologist.
During radiation planning, patients typically underwent CT simulation with IV and oral
contrast, supine in an immobilization cast. Most patients underwent four-dimension
computed tomography (CT) to account for respiratory motion. Radiation treatment was
delivered via 3D-conformal radiotherapy (3D-CRT) or intensity modulated radiotherapy
(IMRT). 3D-CRT was typically delivered via a three to four beam arrangement at the
discretion of the treating radiation oncologist. IMRT was typically delivered using seven to
nine step and shoot fields.

The gross tumor volume (GTV) consisted of the gross tumor and involved lymph nodes as
identified on imaging studies and delineated per the endoscopy report. In general, for
patients with gastroesophageal (GE) junction tumors, the celiac axis was electively treated.
For proximal esophageal tumors, the supraclavicular lymph nodes were treated. The clinical
target volume (CTV) generally consisted of the GTV plus 4-5 cm longitudinal expansion
and 1-2 cm radial expansion. An additional 0.5-1 cm expansion was used for the planning
target volume (PTV). Median radiation dose was 50.4 Gy in 1.8 Gy fractions (range 45-60

Gy).

The chemotherapy regimen used was at the discretion of the treating medical oncologist.
Chemotherapy was delivered concurrently and most commonly consisted of either
carboplatin/paclitaxel or cisplatin/5-fluorouracil (5-FU). All patients were scheduled to
undergo esophagectomy approximately 4-8 weeks after completion of neoadjuvant therapy.
The surgery technique was at the discretion of the operating physician and typically
employed a trans-hiatal or trans-thoracic approach. Prior to undergoing surgical resection,
patients underwent re-staging studies.

Statistical Analysis

RP was evaluated retrospectively using patients' medical records and imaging studies. RP
grading was defined per Common Terminology Criteria for Adverse Events (CTCAE)
version 4.0: grade 2+ RP (symptomatic) was considered clinically significant (Table 1) °.
The time to RP was identified according to the date of radiation completion. Dosimetric data
was extracted from cumulative dose-volume histogram. The V1 was defined as the percent
volume of lung receiving at least 77 Gy of radiation. Extracted data included the V5, V10,
V20, V30, V40, V50 and the MLD. In addition to dosimetric parameters, clinical factors
(age, gender, tumor location, stage, treatment technique, histology, chemotherapy regimen,
pulmonary function test, performance status) were examined for their potential relationship
with RP. Following completion of treatment, patients were followed up every 3-6 months for
the first two years, after which patients were followed up every year.

The association between clinical and dosimetric factors with RP was assessed using the Chi-
square test for categorical variables and Student's t-test and Mann-Whitney U test for
continuous variables. The probability of developing grade 2+ RP was assessed using the
Kaplan-Meier method with patients lost to follow-up or passing away being censored.
Multivariable logistic regression was used to assess the relationship between grade 2+ RP
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and clinical/dosimetric factors significant on univariable analysis. Threshold doses for grade
2+ RP and doses corresponding to the optimal point of the receiver operator curve (ROC)
were determined. For each model, the likelihood chi-squared values were obtained and
tested for significance. All statistical tests were two-sided, p-values <0.05 were considered
significant.

Patient Characteristics

A total of 139 patients met the inclusion criteria. The median age was 62 (range 36-80). The
majority of patients were male (83.5%), had lower/GE junction tumors (91.4%), and had
adenocarcinomas (84.9%). In terms of treatment characteristics, the median radiation dose
was 50.4 Gy (range 45-60) and patients were most frequently treated using 3D-CRT
(56.1%). Nearly half of all patients were treated with concurrent taxane-based therapy
(48.9%). Further patient and treatment characteristics are demonstrated in Table 1.

Clinical and Dosimetric Predictors (Univariable)

A total of 20 patients (23%) experienced grade 2+ RP; 19 (13.7%) experienced grade 2 RP,
and one (0.7%) experienced grade 3 RP. The 9- and 12-month actuarial rates of grade 2+ RP
were 11.6% and 13.4%, respectively (Figure 1). No patients experienced grade 4 or 5 RP.
The median time to RP was 5.3 months from end of radiotherapy (range 3-23.8 months).
Patients with upper/middle thoracic tumors (p=0.038) and receiving a higher radiation dose
(p=0.038) were more likely to develop grade 2+ RP. There were no other patient or non-
dosimetric treatment factors associated with grade 2+ RP (Table 1).

Dose-volume metrics are listed in Table 2. For patients developing symptomatic (grade 2+)
RP, the MLD was 14.27% +/- 5.49% versus 9.38% +/- 3.89% for patients without grade 2+
RP. The mean V5 was 66.47% +/- 17.63% versus 47.08% +/- 13.54% for patients without
grade 2+ RP. The mean V10 was 47.53% +/- 19.51% for patients with grade 2+ RP versus
31.52% +/- 12.07% for patients without grade 2+ RP. The mean V20 was 28.05% +/-
14.14% for patients with grade 2+ RP versus 17.13% +/- 9.51 for patients without grade 2+
RP. All p-values for these comparisons were <0.001. The mean V30 was also associated
with grade 2+ RP (p=0.016).

Dose-Volume Thresholds

ROC curves were generated to identify potential threshold values significantly associated
with symptomatic RP. Predictors of grade 2+ RP are listed in Table 3. The MLD, V5, V10,
V20, and V30 were associated with an increased risk of symptomatic RP as continuous
variables. For MLD, a value 213 Gy (OR 17.83, 95% CI 5.79-54.97) was the most
significant predictor. For V5, a value 265% (OR 19.25 95% CI 6.04-61.36) was the most
significant predictor. For V10, a value =40% was the most significant predictor (OR 9.65
95% CI 3.30-28.20). For V20, the most significant predictor was =25% (OR 8.92 95% ClI
2.99-26.61). For V30, the most significant predictor was >20% (OR 4.41 95% ClI
1.29-15.02). For each dose level associated with a statistically significant risk of
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symptomatic RP (V5-V30), cut-points were used to determine the volume threshold for
developing a 15% and 20% risk of developing symptomatic RP (Figure 2).

Multivariable Analysis

Table 4 demonstrates the multivariable analysis for clinical and dosimetric factors. On
multivariable analysis, after controlling for dosimetric variables, tumor location, and
radiation dose, the lung V5 (OR 1.101 95% CI 1.1014-1.195) and V20 (OR 1.149 95% ClI
1.1015-1.301) remained significantly associated with symptomatic RP.

Discussion

Tri-modality therapy consisting of heoadjuvant chemoradiation followed by esophagectomy
is associated with a risk of acute and chronic treatment related toxicity 8. The development
of RP after irradiation can cause significant morbidity and mortality and is a dose limiting
factor in the management of thoracic malignancies. Despite multiple series investigating
clinical factors associated with RP in patients receiving lung irradiation, there are limited
data regarding potential predictors of RP in patients receiving tri-modality therapy for
esophageal cancer. In our analysis, dosimetric factors (MLD, V5, V10, V20, and V30) and
clinical factors (upper/middle location, radiation dose) were associated with an increased
risk for symptomatic RP in patients completing tri-modality therapy. Minimizing the amount
of lung irradiated should be an important consideration during treatment planning.

In the presented dataset, a total of 20 patients experienced symptomatic RP with only one
person developing grade 3 RP. Our results are consistent with other series in the

literature 2 10, Dosimetric values were a strong predictor of the development of symptomatic
RP. In particular, MLD, V5, V10, V20, and V30 were associated with an increased risk of
symptomatic RP. Clinical factors associated with RP included tumor location and radiation
dose. On multivariable analysis, V5 and V20 remained associated with an increased risk for
RP. Our results are consistent with multiple reports in the literature demonstrating an
association between low dose radiation and RP 1 11, In particular, V20 has been a strong
predictor of RP in multiple series 1: 11. 12 In order to identify clinically meaningful
guidelines, we performed a robust analysis to identify threshold values of predictors for
increased risk of symptomatic RP. Based on our analysis, a V5 < 65% and V20 < 25% can
be used as threshold values in the clinical setting. Minimizing low dose radiation appears to
decrease the risk of RP in patients with localized esophageal cancer undergoing concurrent
chemoradiation. The above dosimetric thresholds may be meaningful quality metrics in
these patients.

To our knowledge, the presented series is the only analysis examining RP in a modern
cohort of patients receiving taxane-based chemoradiation. Multiple series have examined
potential predictors of RP in patients receiving definitive chemoradiation for esophageal
cancer. Asakura et al performed a retrospective review of 37 patients who received definitive
chemoradiation with 5-FU and cisplatin 2. In their analysis, dosimetric parameters were
strongly associated with an increased risk of symptomatic RP. Other series have
demonstrated similar relationships 4. There are limited data investigating predictors of RP
in patients receiving tri-modality therapy for esophageal cancer. Wang et al examined
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potential predictors of surgical complications in patients receiving tri-modality therapy for
esophageal cancer 15, In their analysis, MLD was strongly associated with increased
pulmonary complications. Our series confirms the relationship between dosimetric
parameters and RP.

Since the publication of the CROSS trial, taxane-based chemotherapy consisting of
carboplatin/paclitaxel has become increasingly adopted as a standard chemotherapy option
in patients receiving concurrent chemoradiation for esophageal cancer 16. Carboplatin/
paclitaxel is often advocated due to the improved tolerability versus other chemotherapy
regimens such as cisplatin/5-FU. A possible disadvantageous effect of taxane-based
concurrent chemoradiation is the radiosensitization of normal tissue and potential increased
risk for toxicity. Palma et al performed a large multi-national meta-analysis to assess
potential predictors of RP in patients receiving definitive lung 12. In their analysis,
increasing age, carboplatin/paclitaxel chemotherapy, and V20 were the most significant
predictors of RP. In the presented series, V20 remained associated with an increased risk of
RP after controlling for other clinical and treatment factors. There was no association
between chemotherapy regimen or age with risk of developing RP. Other series have also
demonstrated an association between RP risk and taxane-based therapy 17- 18, Despite the
lack of significance in our analysis, minimizing lung dose may be particularly important in
patients receiving taxane-based chemoradiation for esophageal cancer. Further analysis is
warranted in this subset of patients to better identify the impact of chemotherapy regimens
on radiation related toxicity.

Our analysis has both strengths and limitations. Strengths of our dataset include a
contemporary cohort of patients treated using modern radiation techniques and
chemotherapy regimens. As a result, our results are applicable to patients treated at many
institutions in the modern era. Our analysis is limited due its retrospective nature and
inability to control for all potential confounders. Furthermore, there was limited data on
smoking history, comorbidities, or chemotherapy dosing which may have impacted the risk
of RP in this cohort of patients. Despite the limitations, our analysis presents potential
factors which may be associated with an increased risk for RP. Limiting radiation dose to the
lung should continue to be an important consideration during treatment planning.

RP is a potentially lethal toxicity associated with radiotherapy for thoracic malignancies.
The presented analysis is one of the first studies looking at a contemporary cohort of patients
undergoing tri-modality therapy consisting of concurrent taxane-based chemoradiation
followed by esophagectomy using modern radiation techniques. In the presented analysis,
taxane-based therapy was not associated with an increased risk of RP. Minimizing low dose
spread to the lung can decrease the potential risk for RP in patients undergoing tri-modality
therapy for locally advanced esophageal cancer and should be considered as a quality metric
in patients receiving tri-modality therapy. Further research is warranted to mitigate the risk
of RP in patients receiving tri-modality therapy for locally advanced esophageal cancer.
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Table 3
Dosimetric values correlated with symptomatic radiation pneumonitis
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<Grade2RP > Grade 2 RP
Variable (Mean +/- SD) (Mean +/- SD)
Mean Lung Dose (Gy) ~ 9.38 +/- 3.89 14.27 +/-5.49  <0.001
V5 (%) 47.08 +/-13.54 66.47 +/-17.63  <0.001
V10 (%) 31.52 +/-12.07 4753 +/-19.51 <0.001
V20 (%) 17.13+/-9.52 28.05+/-14.14 <0.001
V30 (%) 10.59 +/-9.09 16.47 +/-13.61  0.016
V40 (%) 6.02 +/- 7.41 8.84 +/- 10.19 0.146
V50 (%) 1.61 +/-5.72 0.79 +/- 1.32 0.536
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Table 4
Univariable analysis for development of grade 2+ radiation pneumonitis

Factor Odds Ratio 95% ClI p-value

Mean Lung Dose

Continuous 1.00 1.00-1.00 0.001
210 Gy 15.22 3.36-69.03  <0.001
211 Gy 15.31 4.18-56.13  <0.001
212 Gy 10.83 3.68-31.90 <0.001
213 Gy 17.83 5.79-54.97  <0.001
214 Gy 16.96 5.45-52.82  <0.001
215 Gy 13.82 4.06-47.09  <0.001

V5

Continuous 1.09 1.05-1.14  <0.001
255% 6.72 2.10-21.51 0.001
260% 18.20 5.77-57.41  <0.001
265% 19.25 6.04-61.4  <0.001
270% 14.53 4.46-47.31  <0.001

V10

Continuous 1.07 1.04-1.11  <0.001
235% 7.23 2.25-23.18 0.001
240% 9.65 3.30-28.20 <0.001
245% 8.92 2.99-26.61 <0.001
250% 8.00 2.62-24.45 <0.001

V20

Continuous 1.07 1.03-1.12 0.001
220% 6.80 2.37-19.50 <0.001
225% 8.92 2.99-26.61 <0.001
230% 8.77 2.47-31.19 0.001
235% 5.44 1.11-26.55 0.036

V30

Continuous 1.04 1.00-1.09 0.034
210% 2.14 0.80-5.70 0.130
215% 2.28 0.84-6.22 0.107
220% 441 1.29-15.02 0.018
225% 3.41 0.58-20.07 0.175

V40

Continuous 1.04 0.99-1.09 0.171

V50

Continuous 0.92 0.71-1.20 0.540
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Table 5
Multivariable analysis of predictors of grade 2+ radiation pneumonitis
Variable Odds Ratio 95% ClI p-value
Radiation Dose (<5040 vs. >5040) 1.14 0.20-6.51 0.886
Lung V5 1.10 1.01-1.20 0.022
Lung V10 0.93 0.08-1.03 0.169
Lung V20 1.15 1.02-1.30 0.028
Lung V30 0.88 0.77-1.01 0.061
Mean Lung Dose 1.00 1.00-1.01 0.515
Tumor Location (Upper/Middle vs. Lower) 3.37 0.68-16.66  0.136
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