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Background

Abstract

Background: Radiation pneumonitis (RP) is a common side reaction in radio-
therapy for esophageal cancer. There are few reports about RP in esophageal cancer
patients receiving postoperative intensity modulated radiation therapy (IMRT) and
volumetric modulated arc therapy (VMAT). This study aims to analyze clinical or
dosimetric factors associated with RP, and provides data for radiotherapy planning.
Methods: We reviewed 68 postoperative esophageal cancer patients who were
treated with radiotherapy at the West China Hospital from October 2010 to Novem-
ber 2012 to identify any correlation between the clinical or dosimetric parameters
and acute radiation pneumonitis (ARP) or severe acute radiation pneumonitis
(SARP) by t-test, chi-square test, and logistic regression analysis.

Results: Of the 68 patients, 33 patients (48.5%) developed ARP, 13 of which
(19.1%) developed SARP. Of these 33 patients, 8 (11.8%), 12 (17.6%), 11 (16.2%),
and 2 (2.9%) patients were grade 1, 2, 3, and 4 ARP, respectively. Univariate analysis
showed that lung infection during radiotherapy, use of VMAT, mean lung dose
(MLD), and dosimetric parameters (e.g. V20, V30) are significantly correlated with
RP. Multivariate analysis found that lung infection during radiotherapy,
MLD 2 12 Gy, and V30 = 13% are significantly correlated with an increased risk of
RP.

Conclusion: Lung infection during radiotherapy and low radiation dose volume
distribution were predictive factors associated with RP and should be accounted for
during radiation planning.

survival and locoregional control and is, thus, recom-
mended in local practice.®

Esophageal cancer is the eighth most common malignancy
and the sixth leading cause of cancer-related death
worldwide."” The incidence of esophageal carcinoma varies
widely by region, for example, it occurs 20 to 30 times more
often in China than in the US.** The overall five-year sur-
vival rate is relatively low, ranging from 15 to 25%, probably
related to diagnosis at advanced stages and the propensity
for metastases even in superficial tumors.® Thus, radio-
therapy (RT) remains the main treatment for esophageal
cancer in order to decrease locoregional recurrence.
Although the role of postoperative adjuvant RT for stage
II-1IT esophageal squamous cell carcinoma patients with RO
resection is disputable, it has been observed to improve
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Radiation pneumonitis (RP) becomes one of the main lim-
iting factors when escalating radiation dose for esophageal
cancer, especially in the postoperative setting. RP is one of the
most common dose limiting toxicities of thoracic RT, with an
incidence around 17 to 47%.”* Pulmonary tissue is sensitive
to radiation and can develop various forms of injury when
radiation dose exceeds its tolerance. RP can be classified into
two distinct clinical phases: (i) acute radiation pneumonitis
(ARP), an early phase of RP, which often occurs within one to
three months after radiation; and (ii) chronic radiation pneu-
monitis, a late phase of RP, which usually evolves within two
years after RT with a manifestation of radiation pulmonary
fibrosis (RPF), which usually develops from ARP. The current
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treatment option for RP is quite limited, particularly for
RPE. Once RPF occurs, it usually cannot be reversed, which
results in a decline in quality of life, and can even be life
threatening.”'

The onset and severity of RP are related, among other
factors, to the volume of irradiated lung, radiation dose and
dose rate, fractionation schedule, preexisting pulmonary
comorbidity, and concurrent chemotherapy. Dose volume
histogram (DVH) parameters V20 and V30 (the percentage
of lung volume receiving 220 Gy and 230 Gy) and mean lung
dose (MLD) have long been considered as predictive factors
closely correlated with both the risk and severity of RP.'""?

However, most of the available data on RP primarily comes
from studies in RT of lung cancer. The incidence of RP in
esophageal cancer patients treated with intensity modulated
radiotherapy (IMRT) or volumetric modulated arc therapy
(VMAT) is rarely discussed, especially in a postoperative
setting. When compared with lung cancer, RT of esophageal
cancer harbors a unique feature with elongated tumor target
volume located in the central thorax. Under this circum-
stance, RT planning requires different beam arrangement
from both sides of the thorax and, inevitably, leads to irradia-
tion of both lungs. Therefore, the aim of this study is to
explore the predictive factors associated with RP for resected
esophageal cancer patients receiving postoperative RT and
seek proper dosimetric parameters to better constrain the
irradiated lung volume for optimal RT planning.

Materials and methods

Patients

We retrospectively reviewed patients who had histologically
confirmed esophageal cancer and were treated with adjuvant
IMRT following radical esophagectomy at the West China
Hospital between October 2010 and November 2012. Patients
eligible for this study included those with: (i) an Eastern
Cooperative Oncology Group (ECOG) performance status of
0 to 2; (ii) normal liver, kidney, and bone marrow functions;
(iii) pathologic stage II to Illc (according to the American
Joint Committee on Cancer [AJCC] staging system, 7th
edition); and (iv) no chemotherapy or radiotherapy before
enrolment. The exclusion criteria included: (i) lost to follow
up; and (ii) patients whose DVH was unavailable. All patients
granted informed consent.

After screening, 74 patients with pathologically confirmed
esophageal carcinoma received surgery plus postoperative
IMRT or VMAT. Five patients were excluded from this analy-
sis as they were lost to follow up, and the DVH was unavail-
able for one patient. The characteristics of the 68 patients are
shown in Table 1. There were 61 men and 7 women, with
ECOG scales ranging from 0 to 1, and an average age of 56.8
years. The tumor sites included 2 cervical, 10 superior
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Table 1 Clinical characteristics of the 68 patients
Characteristic Number of patients (%)
Gender
Male 61(89.7)
Female 7(10.3)
Age (year)
<65 59 (86.76)
>65 9(13.24)
Mean 56.8 (42-74)
ECOG scale
0 36 (52.9)
1 32 (471
Tumor site
Cervical 2(2.9)
Upper thoracic 10 (14.7)
Mid-thoracic 24 (35.3)
Lower thoracic 32 (47.1)
T staget
1 7(10.3)
2 11(16.2)
3 28 (41.2)
4 22 (32.4)
N staget
0 22 (32.4)
1 29 (42.6)
2 11(16.2)
3 6 (8.8)
G staget
2 31 (45.6)
3 37 (54.4)
staget
Il 27 (39.7
1l 41 (60.3
Chemotherapy
Yes 40 (58.8)
TP regimen 25(36.8)
FP regimen 15(22.0)
No 28 (41.2)
Number of chemotherapy 2 (0-6.0)
RT technique
VMAT 22 (32.4
IMRT 46 (67.6
Total dose
<45 Gy 7 (10.29)
>45 Gy, <50.4 Gy 61(89.71)
Smoking
Yes 52 (76.5)
No 16 (23.5)
History in respiratory system
Yes 15(22.1
No 53(77.9
Pulmonary infection in RT
Yes 11(16.2)
No 57 (83.8)

tAccording to the seventh edition of the American Joint Committee on
Cancer staging system. ECOG, Eastern Cooperative Oncology Group; FP
regimen, cisplatin + 5-Fu; IMRT, intensity modulated radiation therapy;
RT, radiation therapy; TP regimen, paclitaxel + cisplatin; VMAT, volumetric
modulated arc therapy.
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thoracic, 24 middle thoracic, and 32 inferior thoracic. There
were 27 stage II patients and 41 stage III patients. Among all
of the patients, 15 patients had respiratory system disease
(chronic obstructive pulmonary disease, chronic bronchitis,
emphysema), 52 patients had a smoking history, and 11
patients had pulmonary infection during radiotherapy (all
proved microbiologically).

Radiotherapy

Postoperative adjuvant radiotherapy started after about four
weeks following esophagectomy. Patients were immobilized
with a thermoplastic body frame in the supine position with
their arms raised above while undergoing computed tomog-
raphy (CT) simulation. A free breathing contrast-enhanced
helical CT (Siemens, SomatomPlus 4) scan with 3 mm slice
thickness was performed from the ear to the second lumbar
level in the treatment position. The imaging data were then
transmitted to the Elekta’s Monaco treatment planning
system (TPS) for three-dimensional reconstruction, target
and risk organ contouring, and RT planning. Experienced
radiation oncologists contoured all of the tumor targets in
order to reduce potential bias. In each slice, the clinical target
volume (CTV), planning target volume (PTV), and normal
organs were contoured. The CTV was defined as the tumor
bed and regional lymph node, which was revealed by preop-
erative barium-meal X-ray, CT scan, and pathological find-
ings. For upper thoracic esophageal cancer, the CTV was
contoured from the cricothyroid membrane to 2-3 cm infe-
rior of the carina, covering tumor bed, anastomotic stoma,
and lymph nodes in paraesophageal, paratracheal, inferior
cervical, supraclavicular, and stations 2 to 7 regions. For
middle thoracic esophageal cancer, the CTV was contoured
from the first thoracic vertebra to 2-3 cm inferior of the
tumor bed, including corresponding mediastinal lymph node
drainage areas, such as paraesophageal, paratracheal, inferior
cervical, supraclavicular, and stations 2 to 7 lymph nodes.
For lower thoracic esophageal cancer, the superior level of
CTV was 5 cm superior to the tumor bed and included
paraesophageal stations 4 to 7, left gastric, and paracardial
lymph node drainage areas. The PTV was generated by
adding a margin of 0.5 cm to CTV in all directions based on
the quality assurance standards of our center.

The static IMRT plans were generated using four to seven
co-planar beams, and the VMAT plans using one or two rota-
tion arcs. Those plans were delivered by the Elekta Synergy
linear accelerator with 6-MV photons. The IMRT and VMAT
dose distribution was calculated using the VMC (Voxel
Monte Carlo) algorithm. The median irradiation dose for the
PTV was 50 Gy, with a range of 40.8-50.4 Gy at 1.8-2.0 Gy
per fraction and five fractions per week. The prescription
dose covered at least 95% of the volume of the PTV and the
hot point was limited within 107% of the prescription dose.
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The dose constraint for the spinal cord was a maximum dose
<45 Gy, and for the heart with V40 (volume receiving 40 Gy)
<40%. The dose constraint for the two lungs was V20 <30 Gy,
mean lung dose (MLD) <13 Gy.

For each patient, lung DVH was calculated directly from
the physical dose distribution. The total normal lung volume
was defined as the total lung volume minus the volumes of the
trachea and main bronchi. The following dosimetric param-
eters were generated from the DVH: total lung volume (TLV),
MLD, and the percentage of lung volume that received more
than 5 Gy, 10 Gy, 13 Gy, 15 Gy, 20 Gy, 25 Gy, 30 Gy, and 35 Gy
were analyzed.

Chemotherapy

During the observation period, 40 patients (58.8%) received
alternating chemotherapy at about four weeks after comple-
tion of RT. Of these 40 patients, 15 patients received an
FP regimen (cisplatin 20-30 mg/m* D1-3 + 5-Fu 450-
500 mg/m* D1-5, q3-4w) and 25 patients received a TP
regimen (paclitaxel 130 mg/m* + cisplatin 25-30 mg/m’
D1-3, q3-4w). The median chemotherapy cycles were two
(range, 1~6 cycles).

Radiation pneumonitis (RP) criterion

The acute RP was graded according to the 1995 Radiation
Therapy Oncology Group (RTOG) criterion,” including
Grade 0: no change; Grade 1: mild symptoms of dry cough or
dyspnea on exertion; Grade 2: persistent cough requiring nar-
cotic, antitussive agents/dyspnea with minimal effort but not
at rest; Grade 3: severe cough unresponsive to narcotic anti-
tussive agent or dyspnea at rest/clinical or radiological evi-
dence of acute pneumonitis/intermittent oxygen or steroids;
and Grade 4: severe respiratory insufficiency/continuous
oxygen or assisted ventilation.

Follow up

Follow-up data were updated in May 2013 with the longest
duration being 29 months. Treatment toxicity was assessed
weekly during RT, at least twice a month during chemo-
therapy, and at least every three months for the first year. ARP
was defined as grade 1 to 4 RP, and was graded based on
symptoms described in the medical records and changes in
CT images by a consensus of two radiation oncologists
according to RTOG criterion, which occurred within 90 days
after the start of RT, while severe acute radiation pneumonitis
(SARP) was defined as ARP graded 3 to 4.

Statistical analysis

The relationships between clinical parameters and the
incidence of ARP and SARP were analyzed using Mann-
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Table 2 Univariate analysis of clinical risk factors for ARP (grade 1-4) and SARP (grade 3-4)
Number of ARP number SARP number
Factor group patients of patients (%) x*-value P-value of patients (%) y*-value P-value
Gender 0.513 0.474 0.507
Male 61 31(50.82) 6(9.84)
Female 7 2 (28.57) 0 (0)
Age (year) 3.224 0.073 1.1 1.000
<65 59 27 (45.76) 5(8.47)
>65 9 6 (66.67) 1
Tumor site 0.006 0.938 0.540 0.463
Cervical 2 0 (0) 0
Upper thoracic 10 7 (70) 1(10)
Mid-thoracic 24 10 (41.67) 1(4.17)
Lower thoracic 32 16 (50) 4(12.5)
Stage 2.368 0.124 0.011 0.918
[ 27 10 (37.04) 3(11.11)
Ml 41 23 (56.10) 3(7.32)
Chemotherapy 0.84 0.772 0.711 0.399
Yes 40 20 (50) 2.667 0.102 10 (25.00) 0.327 0.567
TP 25 15 (60) 7 (28)
FP 15 5(33.33) 3(20)
No 28 13 (46.43) 0.772 1(3.57)
Smoking 0.191 0.662 0.000 1.000
Yes 52 26 (50) 5(9.62)
No 16 7 (43.75) 1(6.25)
History of respiratory system 3.552 0.059 1.472 0.225
Yes 15 11(73.33) 3(20.00)
No 53 22 (41.51) 3(5.66)
Pulmonary infection in RT 7.520 0.006 3.153 0.076
Yes " 10 (90.91) 3(27.27)
No 57 23(40.35) 3(5.26)

ARP, acute radiation pneumonitis; FP regimen, cisplatin + 5-Fu; RT, radiation therapy; SARP, severe acute radiation pneumonitis; TP regimen, paclitaxel +

cisplatin.

Whitney’s U test for continuous variables, and a chi-square
test for categorical variables. Logistic regression was used for
multivariable analysis of impact on the occurrence of ARP
and SARP. DVH parameters were listed as mean * standard
deviation (SD) values for patients who developed RP or
not. A Student’s t-test was used to compare those DVH
parameters. The receiver operating characteristics (ROC)
curve was also performed to select the most relevant thresh-
old to predict ARP and SARP. The optimal threshold was
defined as the point yielding the minimal value for
(1-sensitivity)* + (1-specificity),” which was the point on the
ROC curve closest to the upper left-hand corner.'” Data were
considered statistically significant at values of P < 0.05. All
statistical analyses were generated using SPSS for Windows,
Version 16.0.

Results

The impact of clinical parameters on RP

By the time of follow up, 33 patients (48.5%) had developed
ARP. The incidences of grade 1, 2, 3, and 4 ARP were: 8
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(11.8%), 19 (27.9%), 4 (5.9%), and 2 patients (2.9%), respec-
tively. Univariate analysis was used to detect the influence of
gender, age, tumor site, tumor stage, chemotherapy or lack of,
smoking history, respiratory disease history, and pulmonary
infection during RT on ARP, and only pulmonary infection
during RT showed statistical significance (Table 2). The
medium time to occurrence of ARP was 52 days (15-85 days)
and 55 days (32-79 days) for SARP after commencing RT.

The impact of physical/dosimetric
parameters on RP

MLD in all of the patients was 12.10 Gy. Univariate analysis
for dosimetric parameters was performed. The results
revealed an ARP rate of 75.76% when the MLD 2> 12 Gy,
which was significantly higher than when the MLD < 12 Gy
(22.86%) (P = 0.000). The ARP rate was also remarkably
increased when V5 > 65% or V25 > 15% or V30 > 13% (P <
0.05). The SARP rate was significantly increased when V30
> 13% (83.33% vs. 36%) (P < 0.05). Compared with IMRT,
VMAT could increase the risk of ARP (72.73% vs. 36.96%) (P
< 0.05); however, no statistical difference was observed on
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Table 3 Univariate analysis of dosimetric risk factors for ARP (grade 1-4) and SARP (grade 3-4)

Number of ARP number of SARP number of

Variable group patients patients (%) y?-value P-value patients (%) x*-value P-value

MLD (Gy) 19.029 0.000 1.846 0.174
<12 35 8(22.86) 1(2.86)
212 33 25 (75.76) 5(15.15)

V5 (%) 7.379 0.007 0.976 0.323
<65 30 9 (30.00) 1(3.33)
265 38 24 (63.16) 5(13.16)

V10 (%) 7.591 0.006 0.711 0.399
<45 28 2(11.76) 1(3.57)
245 40 8(28.57) 5(12.50)

V15 (%) 7.867 0.005 0.488 0.485
<30 26 7(26.92) 1(3.85)
>30 42 26 (61.90) 5(11.90)

V20 (%) 7.008 0.008 0.229 0.632
<20 23 6 (26.09) 1(4.35)
>20 45 27 (60.00) 5(11.11)

V25 (%) 7.072 0.008 2.062 0.151
<15 36 12 (33.33) 1(2.78)
215 32 21 (65.63) 5(15.63)

V30 (%) 10.052 0.002 7.963 0.005
<13 50 18 (36.00) 1(2.00)
>13 18 15 (83.33) 5(27.78)

RT technique 7.624 0.006 0.261 0.610
VMAT 22 16 (72.73) 3(13.64)
IMRT 46 17 (36.96) 3(6.52)

Total dose (Gy) 0.099 0.753 0.027 0.869
<45 7 3(42.86) 0(0)
45-50.4 61 30 (49.18) 6(9.84)

ARP, acute radiation pneumonitis; MLD, mean lung dose; IMRT, intensity modulated radiation therapy; RT, radiation therapy; SARP, severe acute radiation
pneumonitis; V5, V10, V15, V20, V25, V30, percentage of lung receiving > 5 Gy (through 30 Gy); VMAT, volumetric modulated arc therapy.

SARP. The radiation dose above or below 45 Gy didn’t show
statistical difference on RP (P> 0.05) (Table 3).

Multivariate analysis on RP

On multivariate analysis, pulmonary infection during RT
and MLD 212 Gy showed statistical significance on ARP
(P<0.05), while V30 213% showed statistical significance on
SARP (Table 4).

Figure la shows the ROC curve for MLD to predict ARP.
The area under the curve of ROC was 0.754 (P =0.000). The
optimal threshold for MLD to predict ARP was 12 Gy, with a
sensitivity of 0.758 and specificity of 0.771. Figure 1b shows
the ROC curve for V30 in prediction of SARP. The area under

Table 4 Multivariate analysis of ARP (grade 1-4) and SARP (grade 3-4)

the curve of ROC was 0.837 (P =0.000). The optimal thresh-
old for V30 to predict SARP was 13%, with a sensitivity of
0.462 and specificity of 0.909.

Discussion

In this study, postoperative adjuvant RT was applied to
patients with pathologic T3, T4 or N + esophageal cancer.
Postoperative adjuvant RT may decrease local recurrence and
benefit patients with esophageal cancer in terms of overall
survival."™'® However, the application of adjuvant RT after
radical esophagectomy may risk greater dose-limiting toxici-
ties in normal tissues following gastric pull-up and oppressed
lungs,"” and is more challenging for RT planning and delivery.

Variable B S.E. Wald P-value Exp (B) 95%Cl lower Upper
ARP Pulmonary infection in RT 2.265 1.154 3.850 0.017 9.632 1.002 92.549

MLD (212 Gy) 2.160 0.596 13.145 0.000 8.672 2.698 27.877
SARP V30 (213%) 2.936 1.139 6.646 0.010 18.846 2.022 175.689

ARP, acute radiation pneumonitis; MLD, mean lung dose; SARP, severe acute radiation pneumonitis; V30, percentage of lung receiving > 30 Gy.
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Figure 1 (a) Receiver operating characteristics (ROC) curve for mean lung dose (MLD) to predict acute radiation pneumonitis (ARP); black arrow shows
the predicted optimal MLD threshold for ARP. (b) ROC curve for V30 to predict severe acute radiation pneumonitis (SARP); black arrow shows the pre-

dicted optimal V30 threshold for SARP.

With the advantages of providing highly conformed dose dis-
tribution to tumor targets while allowing rapid dose fall-off
in surrounding normal tissues, IMRT is becoming the main-
stream RT technique for thoracic cancers, particularly for
tumors with an irregular or concave shape and close adja-
cency to critical organs. Application of IMRT may increase
the therapeutic ratio of esophageal cancer RT by escalating
the dose to PTV and reducing the dose to the heart and
lungs.”” However, with IMRT planning, more surrounding
lung tissue may be affected by low dose radiation, making it
vulnerable to radiation induced toxicity."*"

In our study, the incidence of ARP in all grades is 48.5% in
patients receiving postoperative RT of esophageal cancer,
including six (8.8%) patients with SARP. The incidence of RP
varies widely among reports because of differences in radia-
tion techniques, evaluation of symptoms, and method of
reporting. About 50-90% of patients undergoing irradiation
to the lung have been reported to develop radiographic and
pulmonary function abnormalities,” and five to 40% of
patients develop symptomatic RP.****!

The development of RP after RT of esophageal cancer can
be affected by various patient related factors. Cwikiel et al.”?
observed that 11 (15%) out of 73 patients developed ARP
after postoperative RT of esophageal cancer. Zhu et al.”
reported that 10 (17.9%) out of 56 patients with esophageal
cancer developed ARP, of which seven patients had grade 2
and three patients had grade 3. It has been proposed that male
gender, age >60 years, a history of chronic pulmonary disease,
and concurrent chemotherapy all have a significant influence
on the development of RP.*** Parashar ef al.* reported the
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incidence of RP was as high as 63% in patients receiving alter-
nating chemotherapy, while only 16% in patients without
chemotherapy; the incidence was 77% in patients aged 61-70
years. In our study, the average age of patients was 56.8 years
(range 4674 years) and there was no statistical difference in
the incidence of RP between subgroups stratified at 65 years.
Also in our study, 40 (58.8%) patients received postoperative
sequential chemotherapy after completion of RT and no sta-
tistical difference of RP risk was detected between patients
with and without chemotherapy (60% vs. 33.33%, P=0.772).
Although sequential chemotherapy did not affect our study,
chemotherapy regimens were heterogeneous. The impact of
chemotherapy upon RP requires further prospective trials for
clarification.

In our study, chemotherapy did not influence RP. This
might be partly explained by the fact that chemotherapy was
not administered concurrently with RT; therefore, synergistic
toxicity could be avoided. We also found that higher inci-
dence of ARP or SARP was associated with preexisting
chronic respiratory disease, pathological stage III, and a
history of smoking, although no statistical difference was
detected. Our study also showed that pulmonary infection
developed during a course of RT significantly increased the
risk of ARP and SARP, with incidence rates as high as 90.91%
for ARP and 27.27% for SARP. For patients who did not
develop pulmonary infection, the incidence was 40.35% for
ARP and 5.26% for SARP. This implies that pulmonary infec-
tion might be an important risk factor for ARP. Multivariate
analysis of this study also showed that pulmonary infection
was significantly correlated with the incidence of ARP

© 2014 The Authors. Thoracic Cancer published by Tianjin Lung Cancer Institute and Wiley Publishing Asia Pty Ltd



Y. Zhao et al.

Table 5 Comparison of dosimetric parameters between VMAT and IMRT

Predictive factors for RP

Volume
(mean + sd, cm?)

Ratio of volume
and dose
(mean +sd, %)

Variable VMAT IMRT P-value VMAT IMRT P-value
L 3171.2 £470.64 3215.8+729.71 0.795

V5 2344.4 £ 542.91 2041.1£738.73 0.091 0.74+0.10 0.63+£0.14 0.002
V10 1591.2 £ 378.25 1440.9 £ 547.13 0.250 0.50+0.11 0.44+0.10 0.023
V15 1013.0 £ 265.56 983.48 £ 381.53 0.745 0.32+0.08 0.30+£0.07 0.319
V20 707.49 £ 203.59 640.59 + 233.55 0.254 0.22 £0.06 0.19+£0.05 0.066
V25 500.48 + 169.91 428.06 +172.64 0.109 0.16 £ 0.05 0.13+£0.04 0.029
V30 363.69 £ 146.39 287.86+132.73 0.037 0.10£0.04 0.09+£0.03 0.011
MLD (Gy) 13.12+2.36 11.59+2.18 0.009

IMRT, intensity modulated radiation therapy; MLD, mean lung dose; sd, standard deviation; TLV, total lung volume; V5, V10,V15,V20,V25, V30, percent-
age of lung receiving > 5 Gy (through 30 Gy); VMAT, volumetric modulated arc therapy.

(P = 0.000). RP often coexists with pulmonary infection.
Whether pulmonary infection can induce or exacerbate RP
requires further study. Other than clinical influence factors,
the dosimetric parameters derived from DVH, such as MLD,
V5, V10, V13, V20, and V30 have been found to influence
both the occurrence and prediction of ARP. Some studies
have reported that an increased risk of RP was associated with
MLD > 14 Gy or > 18 Gy.*** Nomura et al. performed a
study on 125 esophageal cancer patients who received three-
dimensional radiotherapy (3D-RT) using conventional
anterior-posterior plus off-cord beam arrangement and no
prophylactic nodal irradiation." An experience based pulmo-
nary dose constraint of V20 < 30% was made, but the actual
V20 were about 15.1% (2.0%-25.2%) for all included
patients. They found that three cases (2%) developed SARP.
As a result of the extensive application of IMRT in RT of tho-
racic cancer in recent years, low dose radiation to the lungs
has significantly increased, compared to 3D-RT. The impact
of V5 and V15 on RP has drawn much attention. Some litera-
ture has postulated that V5 and V15 may have greater predic-
tive value than V20."** In our study, when MLD > 12 Gy, the
risk of ARP and SARP were 75.76% and 33.33%, respectively,
while the risk of ARP and SARP were 22.86% and 5.71%,
respectively, with MLD < 12 Gy. Based on univariate analysis,
MLD and V5, V10, V15, V20, V25, and V30 were correlated
with risks of ARP and SARP. Particularly when V5 2 65%,
V25 >15%, and V30 >13%, the risk of ARP was 63.16%,
65.63%, and 83.33%), respectively, and the risk of SARP was
31.58%, 34.38% and 55.56%, respectively, which were signifi-
cantly higher than those with DVH parameters less than the
cut points (Table 3). These results imply that the risk of RP is
greater for patients with a larger volume of low dose radiation
than for patients with a smaller volume receiving low dose
radiation. Therefore when making RT plans, in addition to
MLD and V20, the total lung V5, V10, and V15 should be
limited to a certain level. Multivariate analysis in our study

Thoracic Cancer 6 (2015) 49-57

has suggested that MLD and V30 are significant predictive
factors for RP; MLD is significantly correlated with ARP (P =
0.000), but not significantly correlated with SARP; V30 has
greater predictive value for SARP, with significant difference
between V30 > 13% and V30 < 13% (P =0.022) (Fig. 1).

Interestingly, in our study it was noted that VMAT can
cause a larger low dose region, which may increase the risk of
radiation lung injury (Table 5). In the 22 patients receiving
VMAT in our study, the incidences were 72.73% of ARP and
31.82% of SARP, while for the 46 patients receiving IMRT
the incidence of ARP and SARP were 36.96% and 13.04%,
respectively. Compared to IMRT, using VMAT the lung
MLD was higher (P = 0.009) and the low dose region was
greater, with statistical difference for V5, V10, V25, and V30
(P < 0.005). VMAT is an extension of IMRT; it can deliver
continuous radiation by rotating the gantry of a linear par-
ticle accelerator through arcs at varied gantry rotation speed
and changing MLC orientation and aperture shape. VMAT
can achieve similar homogeneous and conformal dose dis-
tribution as compared to IMRT with shorter treatment time,
but may increase the region of low dose radiation.”* VMAT
has been widely used in the treatment of cancers of the head
and neck, prostate, rectum, and uterine cervix. VMRT in
thoracic RT has also been investigated. Several researchers
have reported that the application of VMAT in lung cancer
RT could reduce the lung V30 and V20, while increasing
V11.>7¢ Increasing the low dose region may affect pulmo-
nary function and, subsequently, patients’ quality of life and
survival.” Only a few studies on VMAT for esophageal
cancer have been published, mostly focused on dosimetric
comparison.”®” No other clinical data has been reported on
RP in patients with esophageal cancer treated with VMAT.
However, because of the retrospective nature of this study,
the predictive value of VMAT on RP, as well as other clinical
and dosimetric factors, needs further evaluation from ran-
domized clinical studies.
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Conclusion

In conclusion, pulmonary infection during RT might be a risk
factor of ARP for patients with postoperative adjuvant RT of
esophageal cancer, which should be closely controlled in the
course of treatment. Dosimetric parameters of dose volume
and MLD of the lungs could also be important risk factors. A
dose constraint of total lung MLD < 12 Gy and V30 < 13%
could be applied for postoperative IMRT of esophageal
cancer.
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