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Introduction

Abstract

Background: Little is known about the clinical use of intensity-modulated radio-
therapy (IMRT) in postoperative radiotherapy (PORT) of esophageal cancer; there-
fore, we retrospectively investigated the clinical value of postoperative IMRT among
resected thoracic esophageal squamous cell carcinoma (TESCC) patients.
Methods: We enrolled a total of 228 patients with resected TESCC who underwent
IMRT between January 2004 and June 2009 in the study. PORT was applied via
IMRT with a median total dose of 60 Gy. The Kaplan—Meier method was used to cal-
culate survival rates, and a log-rank test was used for univariate analysis. The Cox
proportional model was used for multivariate analysis.

Results: The one, three, and five-year overall survival rates of all patients were
89.9%, 56.7%, and 45.1%, respectively. Univariate analysis showed that significant
prognostic factors included Union for International Cancer Control 2002 stage,
lymphatic metastasis, number of metastatic lymph nodes, the degree of metastatic
lymph nodes, the degree of differentiation, and vascular tumor thrombus (P < 0.05).
Treatment failure occurred in 98 (45.2%) patients because of recurrence or metasta-
ses. Early reactions were observed at rates of 18.0% for radiation esophagitis and
5.7% for radiation pneumonitis more than grade 2. Late side effects included anas-
tomotic stenosis (1.3%) and gastrointestinal bleeding (3.1%).

Conclusions: The postoperative prophylactic IMRT of TESCC provided a favor-
able local control rate and acceptable toxicity.

The outcomes of PORT for the improvement of OS are
debatable, and previous studies have acknowledged that two-

Surgery is the primary treatment for esophageal cancer as it
provides a chance of cure; however, the survival rate after
surgery remains poor. Even after a radical surgery, a large
number of patients experience recurrence. Five-year overall
survival (OS) rates of patients with postoperative thoracic
esophageal squamous cell carcinoma (TESCC) at stage IT and
III are only 36% and 10%, respectively.' The main reason for
postoperative failure is local-regional recurrence, which has
an incidence of 20.5-43%.>” Therefore, extended lymphad-
enectomy is combined with more aggressive resection or
postoperative radiotherapy (PORT), which is one of the
important strategies that decreases regional recurrence.””
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dimensional conventional radiation therapy (2D-RT) pos-
sesses some limitations, such as uneven dose distribution and
inability to converge to target volumes.** Our postoperative
2D-RT for esophageal cancer improved the survival of
patients with positive lymph nodes and stage I1I disease, while
the three-year survival rate of patients with stage IIA and
negative lymph nodes only increased by 7-10%. Note,
however, that the five-year survival rate did not increase.’ Fur-
thermore, the use of extensive portals in postoperative 2D-RT
caused late toxicity.

Intensity-modulated radiotherapy (IMRT), based on com-
puter planning studies, possesses improved target volume
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coverage with less off-target delivery, potentially reducing
toxicity and dose escalation, even compared with three-
dimensional conformal radiotherapy (3DCRT) against non-
small cell lung cancer and esophageal cancer.'>'

However, little is known about the clinical use of IMRT in
PORT of esophageal cancer, and whether postoperative
IMRT may improve survival rate. We hypothesized that post-
operative IMRT may improve the survival rate of resected
TESCC patients. Therefore, we retrospectively investigated
the clinical value of postoperative IMRT among the resected
patients in our hospital.

Methods

Patients

Between January 2003 and June 2009, 551 patients with
TESCC were treated with surgery plus radiotherapy at the
Cancer Hospital & Institute, Chinese Academy of Medical
Sciences (CAMS), Peking Union Medical College, China. The
ethics committee of the CAMS Cancer Hospital approved the
study. Informed consent was obtained from all patients.
Patients meeting the following criteria were included in the
study: (i) had undergone radical resection (R0); (ii) had a
diagnosed squamous cell carcinoma confirmed by pathologi-
cal studies; (iii) had Karnofsky performance status scale > 70;
(iv) did not receive pre-operative neoadjuvant therapy; and
(v) underwent postoperative IMRT. Of the 551 patients, 323
were excluded according to the criteria above for postopera-
tive radiation because of recurrence (144 cases), postopera-
tive 2D-RT (66 cases), R1 or R2 resection (92 cases),
postoperative 3DCRT (20 cases), postoperative IMRT, and
one case was lost to follow-up. The remaining 228 patients
were eligible for further analysis. Of the 228 patients, 198
underwent PORT without chemotherapy and 30 in stage III
PORT with chemotherapy, with 18 and 12 receiving chemo-
therapy before and after radiotherapy, respectively.

Surgery

Surgical details have been previously reported.” Surgeons
determined patient selection, approach, and operative proce-
dures. A three-phase abdominothoracic McKeown resection
through a right thoracotomy using the stomach for esopha-
geal replacement was performed for lesions in the upper third
of the thoracic segment. For lesions in the mid and lower
third, esophagectomy was performed on the left side using
the stomach to establish digestive continuation. In each case,
lymph nodes were removed as completely as possible.
Juxtatumoral, paraesophageal, superior gastric, left gastric,
and paracardial lymph nodes were individually analyzed to
determine a final stage classification according to the 2002
(6th) edition of the International Union Against Cancer
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(UICC) tumor node metastasis (TNM) classification system.
A total of 5298 lymph nodes (median 22, range 3 to 89) were
dissected for pathologic staining and stage examination using
a hematoxylin and eosin method. Metastases were found in
504 lymph nodes.

Postoperative radiotherapy

Radiotherapy was initiated four to six weeks following the
surgery. All patients received a planning computed tomogra-
phy (CT) scan and were immobilized in a supine position
with their arms raised in a customized alpha-cradle mold for
treatment. The clinical target volume (CTV) of the upper
thoracic (including with or without lymph node metastasis)
and middle thoracic (included stage IIA or without lymph
node metastasis) encompassed the bilateral supraclavicular
areas with the tip of the cricoid cartilage serving as the upper
border (upper thoracic) or chest vertebrae 1 on the edge
(middle thoracic) and 3.0 cm below the lower margin of the
tumor as the lower border or 2.0~3.0 cm below the carina.
This CTV included levels 1, 2, 4, and 7, the site of anastomo-
sis (upper thoracic), and tumor bed. The CTV of the middle
thoracic (including with lymph node metastasis) and lower
thoracic included levels 2, 4, 7, and 8, the left gastric artery,
celiac artery, and tumor bed. The planning target volume
(PTV) was defined by the CTV plus a 5 mm margin based
on the observation of the average setup. The contoured
image was transferred to our treatment planning system
(TPS; Pinnacle, version 9.0, Philips, Amsterdam, The Neth-
erlands). All patients were treated by IMRT using five copla-
nar beams. The prescription doses of PTV were 60 Gy in 30
fractions over six weeks. The dose levels for the PTV were
prescribed at the maximum isodose surface that encom-
passed at least 95% of the volume. The maximum tolerance
doses to the critical normal structures were as follows: the
maximum spinal cord dose was kept below 45 Gy; the total
lung was limited V20 to <28%; the stomach was limited V40
to <50%.

Follow-up of patients

Patients were instructed to return for follow-up that included
clinical examination, barium swallow, chest radiography,
abdominal ultrasonography, and thoracic CT at three to six
month intervals. If ultrasonography results of the abdomen
were suspicious, an abdominal CT was performed. Local
failure was determined by positive pathologic diagnosis or
roentgenographic evidence of mediastinal lesions revealed by
CT scan. Signs or symptoms of vocal cord paralysis or tra-
cheal compression combined with mediastinal lesions shown
on CT were also considered local failures. Follow-up con-
cluded on 1 February 2012.
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Statistical analysis

Disease-free survival (DFS) and overall survival (OS) end-
points were evaluated. OS was measured from the date of
operation of TESCC to the date of death, or censored at the
last follow-up date. For the other endpoints, the time dura-
tion was computed from day one of surgery to the date of
event occurrence. The Kaplan—-Meier method was used to
estimate survival, and the log-rank test to determine signifi-
cant difference at a P value < 0.05. A Cox proportional-
hazards model was used to estimate the prognostic factors for
survival. Statistical analysis was performed using SPSS 17.0
software (IBM Inc., Armonk, NY, USA).

Results

Clinical characteristics of patient population

The 228 esophageal cancer patients were 35 to 78 years old
(median, 56 years), with 16.7% (38) at stage I1a, 20.6% (47) at
stage IIb, and 62.7% (143) at stage I1I. Detailed patient char-
acteristics are shown in Table 1.

Survival

The patients were followed for 31 to 92 months (median, 45
months). Overall one, three, and five-year survival rates were

Table 1 Clinical characteristics of the patient population

Characteristics No. %
Gender
Male 195 85.5
Female 33 14.5
Age (years)
Median age 56
Range 35~78
Location
Upper 24 10.5
Middle 119 52.2
Lower 85 37.3
Tumor differentiation
High-moderate 160 70.2
Low- undifferentiated 68 29.8
T-stage (UICC02)
T1 18 7.9
T2 30 13.2
T3 172 75.4
T4 8 3.5
N-stage (UICC02)
NO 42 18.4
N1 186 81.6
P-stage (UICCO02)
Stage IIA 38 16.7
Stage IIB 47 20.6
Stage lll 143 62.7

UICC, International Union Against Cancer.
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Figure 1 (a) Overall survival (OS) and (b) disease-free survival (DFS) for all
patients. The one, three, and five-year OS rates were 89.9%, 56.7%, and
45.1%, respectively (Fig 1a). The one, three, and five-year DFS rates were
78.9%, 47.9%, and 40.3%, respectively (Fig 1b).

89.9%, 56.7%, and 45.1%, respectively (Fig 1a). The disease-
free one, three, and five-year survival rates were 78.9%,
47.9%, and 40.3%, respectively (Fig 1b).

Five-year overall survival rates of stage Ila, IIb, and III
patients were 72.3%, 42.7%, and 38.0%, respectively (P <
0.01, Fig 2a). The median OS of stage ITb and IIT was 55.0 and
34.8 months, respectively. Five-year DFS rates of stage Ila, IIb,
and III patients were 65.3%, 43.4%, and 32.7%, respectively
(P<0.001, Fig 2b).

Influence of pathologic lymph node status
on survival

A total of 5298 lymph nodes were removed from the 228
patients (mean, 22 nodes per patient; range, 3-89 nodes). The
cases with and without nodal metastases were 186 (81.6%)
and 42 (18.4%), respectively. The one, three, and five-year
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Figure 2 Overall survival (OS) and disease-free survival (DFS) rates of the
stage lla, llb, and Il patients. (a) The five-year OS rates were 65.6%,
42.7%, and 38.0%, respectively, (P < 0.01). (b) The one, three, and five-
year DFS rates were 82.1%, 55.5%, and 49.3%, respectively (P< 0.01).
--L., lla stage; -4, llb stage; ——, Il stage.

survival rates of patients with negative nodes were 92.9%,
80.6%, and 71.9%, respectively. The one, three, and five-year
survival rates of patients with positive nodes were 89.2%,
51.3%, and 38.9%, respectively. Median survival in patients
with nodal metastases was 39 months, and less than half of
the patients without nodal metastases died during follow-up
(P <0.001, Fig 3a). The disease-free one, three, and five-year
survival rates of patients with negative nodes were 88.1%,
75.4%, and 65.6%, respectively. The disease-free one, three,
and five-year survival rates of patients with positive nodes
was 76.9%, 41.7%, and 34.7%, respectively (P < 0.001,
Fig 3b).

Univariate and multivariate analyses of
prognostic factors

Univariate analysis revealed the following significant prog-
nostic factors, including UICC 2002 stage, lymphatic metas-
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Figure 3 (a) One, three, and five-year overall survival (OS) rates and (b)
disease-free survival (DFS) rates of patients with negative or positive
lymph nodes. The one, three, and five-year OS rates of patients with
negative lymph nodes were 93.6%, 76.0%, and 66.0%, respectively; the
one, three, and five-year OS rates of patients with positive lymph nodes
were 89.2%, 51.3%, and 38.9%, respectively (Fig 3a, P<0.01). The one,
three, and five-year DFS rates of patients with negative lymph nodes were
91.2%, 81.8%, and 73.6%, respectively; the one, three, and five-year
DFS rates of patients with positive lymph nodes were 79.7%, 48.3%, and
42.9%, respectively (P< 0.001, Fig 3b). aate, NO; 1=, N+.

tasis, the number of metastatic lymph nodes, the degree of
metastatic lymph nodes, the degree of differentiation, and
vascular tumor thrombus (2 =13.270, 12.150, 15.138, 6.836,
6.333, 13.616; P = 0.001, 0.000, 0.002, 0.009, 0.042, 0.000;
Table 2). Multivariate analysis revealed that UICC 2002 stage
and vascular tumor thrombus were independent prognostic
factors (2 =7.655, 6.434; P=0.0.006, 0.011; Table 3).

Site of failure

Among the 228 patients, 217 patients were included for a
study of site and cause of failure because 11 patients died

© 2015 The Authors. Thoracic Cancer published by Tianjin Lung Cancer Institute and Wiley Publishing Asia Pty Ltd
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Table 2 Univariate analysis of prognostic factors and survival

Analysis of IMRT for resected TESCC

Survival rate (%)

Median survival

Variable No. 1 year 3 year 5 year time (months) x* value Pvalue
Gender 1.433 0.231
Male 195 90.3 55.0 43.2 45.8
Female 33 87.9 66.7 55.6 75.0
Age (years) 1.734 0.629
<50 49 89.8 55.0 46.1 44.8
51-60 98 88.8 63.9 439 50.5
61-70 65 90.8 50.3 46.0 41.8
>70 16 93.8 43.8 43.8 30.1
Location 0.683 0.711
Upper 24 87.5 58.3 30.2 42.4
Middle 119 90.8 57.7 49.0 50.8
Lower 85 89.4 54.8 40.5 48.4
Differentiation 6.333 0.042
High 39 92.3 71.8 45.0 55.8
Middle 121 92.6 57.4 48.3 47.3
Low 68 83.8 46.7 40.2 30.1
Degree of metastatic lymph nodes (%) 6.836 0.009
<20% 195 90.8 60.2 48.2 55.1
>20% 33 84.8 36.4 27.3 29.0
Vascular tumor thrombus 13.616 0.000
No 186 90.3 62.0 50.4 64.5
Yes 42 88.1 33.3 21.4 24.4
UICCO2 T-stage 0.422 0.516
T14T2 48 97.9 60.1 41.8 55.1
T3+T4 180 87.8 55.8 45.4 47.3
UICCO2 N-stage 12.150 0.000
NO 42 92.9 80.6 71.9 —
N1 186 89.2 51.3 38.9 39.0
Number of metastatic lymph nodes 15.138 0.002
0 42 92.9 80.6 71.9 —
1-2 110 90.9 56.9 40.1 459
3-6 64 85.9 42.2 40.1 26.9
7- 12 91.7 50.0 37.5 29.8
UICCO2 stage 13.270 0.001
A 38 92.1 81.6 72.3 —
113] 47 97.9 61.3 42.7 55.1
1l 143 86.7 48.7 38.8 34.8

UICC, International Union Against Cancer.

from unspecified death. Treatment failure occurred in 98
(45.2%) patients because of recurrence or metastases
(Table 4). Fifty-eight patients (26.7%) developed a hematog-
enous recurrence, including nine patients (4.1%) with simul-
taneous locoregional and hematogenous recurrence; 26

Table 3 Multivariate analyses of prognostic factors

Prognostic factors (group) Pvalue HR value 95% Cl

Differentiation (H/M/L) 0.078 1.294 0.971-1.724

Vascular tumor thrombus 0.011 1.717 1.131-2.607
(No/Yes)

UICCO2 stage (IIA/IB/IIN) 0.006 1.502 1.126-2.005

HR, hazard ratio; UICC, International Union Against Cancer.

Thoracic Cancer 6 (2015) 597-604

(12.0%) with recurrence in the supraclavicular (12, 5.5%)
and celiac (14, 6.5%) lymph nodes; and 27 patients (12.4%)
developed intrathoracic recurrence.

Table 4 Analysis of failure site (98/217)
No. (%)

Type of failure

27 (12.4%)
26 (12.0%), 7 patients with simultaneous

Intrathoracic recurrence
Supraclavicular and celiac

recurrence hematogenous recurrence
Supraclavicular 12 (5.5%)
Celiac 14 (6.5%)

58 (26.7%), 49 patients with
hematogenous recurrence alone

Hematogenous recurrence

© 2015 The Authors. Thoracic Cancer published by Tianjin Lung Cancer Institute and Wiley Publishing Asia Pty Ltd 601
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Toxicity

Early reactions related to radiation treatment were observed
atrates of 18.0% (41/228) for radiation esophagitis, including
33 for grade 2, eight for grade 3; 13 (5.7%) for radiation pneu-
monitis more than grade 2; and 63 (27.6%) for leucopenia,
including nine for grade 3. Late side effects included anasto-
motic stenosis and gastrointestinal bleeding. The frequency
of anastomotic stenosis higher than grade 2 in all patients in
this study was 1.3% (3/228). Seven patients died from gastro-
intestinal bleeding (3.1%, 7/228).

Discussions

We have reported previously that postoperative conventional
radiotherapy reduced local-regional recurrence and
increased the survival rate in lymph node positive and stage
III patients with esophageal cancer; however, the frequency of
local-regional recurrence was still high. To investigate the
clinical therapeutic outcomes of IMRT to resected stage I1/I11
TESCC, we retrospectively studied resected TESCC patients
treated with IMRT. To our knowledge, this is the first report
detailing the treatment outcome of postoperative prophylac-
tic IMRT of TESCC patients. We found that postoperative
prophylactic IMRT of resected TESCC provided a favorable
local control rate and acceptable toxicity.

The effect of PORT on esophageal cancer is constantly
debated. While several prospective randomized studies using
2D-RT indicated that PORT could decrease local recurrence,
discrepancy exists as to whether five-year OS is improved.*"!
Chen et al. retrospectively analyzed 1715 patients who had
undergone extended esophagectomies with three field lymph
node dissection with (1 = 438) or without (n=1277) PORT
and found that PORT can improve OS for patients with poor
disease-related prognostic factors: positive nodal disease,
three or more positive lymph nodes, stage I1I/IV, and largely
or deeply invading tumors. For patients with stage III/IV
disease, five-year OS rates were 27.9% for surgery only versus
37.2% for surgery plus radiation subgroups (P < 0.001)."
Schreiber et al. used the Surveillance, Epidemiology, and End
Results database to retrospectively evaluate the benefit of
adjuvant RT in T3-4NOMO or T1-4N1MO esophageal cancer
patients definitively treated with esophagectomy. The study
involved 1046 patients: 683 (65.3%) had surgery alone, and
363 (34.7%) received PORT. For American Joint Committee
on Cancer (AJCC) stage III esophageal carcinoma (T3N1MO
or T4N0-1MO), in which 346 patients had surgery alone and
231 patients received PORT, PORT significantly improved the
median OS from 15 to 19 months and the three-year OS rate
from 18.2% to 28.9% (P < 0.001). This benefit was evident in
both squamous cell carcinoma and adenocarcinoma." Xiao
et al. reported that PORT improved OS in lymph node posi-
tive or stage I1I patients.’
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In all of the previous studies mentioned, 2D-RT was
applied. In the current study, IMRT was used. Mechanisti-
cally, IMRT applies multiple beams (typically 5-7), which are
modulated further, and computer-controlled multileaf colli-
mation to dynamically block the path of the radiation when
the beam is on. This effectively allows the dose to be “painted”
with various intensities, thus producing the greatest treat-
ment conformality to the tumor and avoiding normal struc-
tures. It has been reported that IMRT is superior to 3DCRT in
dosiology and can better protect normal tissue;' therefore,
IMRT protects normal tissues, leading to a low incidence of
adverse events.'"® Lin efal. analyzed 676 nonrandomized
patients (3DCRT, n = 413; IMRT, n = 263) with esophageal
cancers who were treated with chemoradiotherapy and found
that 3DCRT treated patients had a significantly greater risk of
mortality (72.6% vs. 52.9%, P < 0.0001) and local-regional
recurrence (P =0.0038) compared to IMRT treated patients,
and that the cumulative incidence of cardiac death increased
in patients receiving 3DCRT."®

We assumed that extensive portal in postoperative 2D-RT
devoted to late toxicity. As such, in this study, we diminished
the radiation portal, including only the bilateral supracla-
vicular areas and 3.0 cm below the lower margin of the tumor
as the lower border or 2.0~3.0 cm below the carina for
patients with stage ITA and negative lymph nodes. This area,
which included the mediastinum superius and bilateral
supraclavicular, is difficult to dissect extensively and has a
high risk for recurrence. In this study, IMRT was applied to
replace the conventional RT. As reported previously, we found
that the three and five-year survival rates of patients with
stage IIA TESCC were 81.6% and 72.3%, respectively, which
were higher than the rates associated with 2D-RT (64.0% and
50.3%) or surgery alone (56.0% and 51.3%).” However,
another study demonstrated that PORT cannot improve the
five-year OS of thoracic esophageal squamous cell carcinoma
at stages I-IL."” Therefore, further study is required to deter-
mine whether patients with stage IIA squamous cell carci-
noma could benefit from PORT.

Several retrospective studies have reported that PORT can
improve survival in patients in stage III, such as the five-year
OS reported by Chen etal., Schreiber etal., and Xiao
et al.>»™ In our study, the five-year OS rates of resected stage
IIT esophageal cancer patients following postoperative pro-
phylactic IMRT were 38.0%, which was slightly higher than in
patients treated with 2D-PORT, suggesting that postoperative
IMRT might be beneficial to the improvement of OS in
patients with esophageal cancer in stage I1I.

The 7th edition of 2009 UICC/AJCC esophageal cancer
staging system defined N as N1, N2, and N3, according to the
number of positive lymph nodes.'” The same stage III cancer
may lead to different prognoses as a result of the different rate
and numbers of lymph node metastases.”**' The five-year
OS rates of patients with lymph nodes equal or greater than

© 2015 The Authors. Thoracic Cancer published by Tianjin Lung Cancer Institute and Wiley Publishing Asia Pty Ltd
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three receiving IMRT was 38.5%, which was higher than the
five-year OS (20.6%) of patients receiving 2D-RT in previous
studies,"”*' suggesting that IMRT for PORT in esophageal
cancer with lymph nodes equal or greater than three is supe-
rior to 2D-RT.

In this study, the intrathoracic recurrence rate was 12.4%
after postoperative IMRT and 13.7% in patients with positive
lymph nodes. In our previous study using 2D-RT, the intra-
thoracic recurrence rate of patients with stage NO and N1
were 13.3% and 21.5%, respectively,” and 25-40%>** after
surgery alone without any postoperative RT. These results
indicate that postoperative IMRT tends to decrease intratho-
racic recurrence, thus improving OS rates. Our results
showed that 26.7% of patients underwent hematogenous
recurrence, which was the main contributing cause for failure
in the postoperative IMRT group. This result was in accor-
dance with findings in a study in which postoperative CRT
appears to prolong survival in patients with lymph node posi-
tive and resected esophageal carcinoma.” Other studies have
shown that postoperative adjuvant chemoradiotherapy,
in combination with esophagectomy, prolonged survival
duration and recurrence-free survival in patients with
locoregionally advanced or node-positive esophageal carci-
noma.*** Future studies are warranted to evaluate the effect
of postoperative adjuvant chemoradiotherapy on patients
with high-risk hematogenous metastasis.

IMRT was found to protect the tissue from radiation-
induced toxicity more efficiently than routine radiotherapy.
The frequency of anastomotic stenosis higher than grade 2 in
all patients in this study was 1.3%, which was lower than 4.0%
found in a previous study.” Higher toxicity rates of 25.9% (92/
355) in radiation esophagitis and 22.8% (81/355) in radiation
pneumonitis were also found in a previous study.”’ Higher
toxicity may result from the use of routine radiotherapy.
However, in the present study, we found that IMRT caused
3.1% gastrointestinal bleeding, which was higher than gastro-
intestinal bleeding rates of 1.1%° and 1.0% reported previ-
ously. This may have resulted from a high dose of radiation to
the stomach because we used a median dose of 60 Gy of RT,
while previous studies used 50 Gy.* Therefore, IMRT as
PORT should be used with caution.

Conclusions

We have demonstrated that postoperative IMRT may be a
promising technology with acceptable toxicity in the treat-
ment of postoperative TESCC. Our findings in this study
suggest that postoperative IMRT may be used as a standard
treatment strategy for patients with stage III esophageal
cancer or positive lymph nodes after surgery. However, the
advantages of postoperative IMRT as treatment for patients
at stage II or with negative lymph nodes requires further con-
firmation by a larger patient population.

Thoracic Cancer 6 (2015) 597-604
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