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Purpose: Intensity-modulated radiotherapy (IMRT) can improve the prognosis of patients
with esophageal cancer. This study aimed to evaluate clinical factors relevant to the prog-
nosis of patients with esophageal cancer who received intensity-modulated radiotherapy
(IMRT) alone.

Patient and Methods: Data of 103 patients with pathologically confirmed esophageal
cancer who were admitted to our hospital between October 2011 and November 2017 were
retrospectively reviewed. All patients had squamous cell carcinoma. All patients received
IMRT. Patients with stage [-IVA tumors were included to represent the real-world clinical
practice. We performed univariate and multivariate analyses to identify prognostic factors for
overall survival (OS) and progression-free survival (PFS). In univariate analyses, the
Kaplan—-Meier method was used to estimate OS and PFS for various subgroups. In multi-
variate analyses, hazard ratios were calculated.

Results: Single-factor analysis revealed that T stage (P=0.019), N stage (P =0.047), and
lesion length (P =0.000) were associated with the prognosis of esophageal cancer patients
who received IMRT. Cox regression analysis revealed that T stage (odds ratio [OR] = 4.68;
P < 0.05), N stage (OR = 0.28; P < 0.05), and lesion length (OR = 0.09; P < 0.05) were
independent factors relevant to prognosis.

Conclusion: T stage, N stage, and lesion length influenced the long-term curative effects of
IMRT for esophageal cancer and were prognostic factors for patients with esophageal cancer
receiving definitive radiotherapy alone. The higher the stage and the longer the tumor, the
lower the survival rate.

Keywords: esophageal neoplasms, prognosis, intensity-modulated radiotherapy,
retrospective studies

Introduction

Esophageal cancer (EC) is the sixth most common cancer and the fourth leading
cause of cancer-related deaths in China."* The prognosis of EC is generally poor,
and it can easily metastasize at early stages. Moreover, because patients often
relapse after surgery, the 5-year survival rate of patients with EC is 17.1%.}
Thus, treating EC requires interdisciplinary management approaches.

While patients with early-stage EC can be treated with radical surgery, those
with a locally advanced disease require the addition of neoadjuvant chemora-
diotherapy (CRT) or perioperative chemotherapy. Such multifactorial approaches
can improve locoregional control and the overall survival (OS) and progression-free
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survival (PFS).* Although the introduction of multidisci-
plinary approaches has improved the outcomes of patients
with EC, for many patients, comorbidities, poor perfor-
mance status, and economic factors can preclude the use of
combination approaches, especially those involving sur-
gery or chemotherapy.”® Thus, in this study, we retrospec-
tively analyzed the clinical data of 103 patients with EC
who only received radiotherapy (RT) in our hospital and
explored factors influencing patient prognosis.

Methods

Patients
Patients treated with radiotherapy for EC at the
Department of Radiation Oncology at the Jiangsu
Province Hospital between 2011 and 2017 were identified
from a retrospective archival database of paper and elec-
tronic records. The inclusion criteria were (i) EC diagnosis
based on pathological or cytological examinations, All
patients had squamous cell carcinoma, (ii) Karnofsky per-
formance status score > 70, (iii) no distant metastases, (iv)
RT treatment alone, and (v) complete information on the
curative effects of RT. The exclusion criteria were neoad-
juvant radiotherapy, chemoradiotherapy, immunotherapy
with irradiation, radiotherapy of metastases, previous or
simultaneous malignancies, or incomplete data. Clinical
stages were classified by the sixth edition of the
American Joint Committee on Cancer (AJCC) staging
system. The patient cohort for the final analysis included
103 patients (62 men, 41 women).

This study was conducted in accordance with the ethi-
of the World Medical
Declaration of Helsinki and was approved by the ethics

cal standards Association

board at Jiangsu Province Hospital.

Treatment

All patients were treated with computed tomography (CT)-
planned intensity-modulated RT (IMRT) at the Jiangsu
Province Hospital. The radiation field design included the
primary tumor site and the mediastinal lymphatic drainage
regions that were 3 cm cranial of the upper and caudal of
the lower tumor borders. Coeliac lymph nodes were
included for distally located tumors, while caudal cervical
lymph nodes were included for tumors of the cervical or
upper thoracic esophagus. If a boost was indicated, boost
volume was defined with margins of 2 c¢cm above and
below the tumor borders. The patient’s blood, routine
liver and kidney function, and barium test results were

reviewed after 3 weeks of treatment. Moreover, the change
of tumor size were examined to reduce toxic and side
effects of RT in accordance with the patients’ individual
needs.

Follow-Up

Patients were routinely examined with CT and endoscopy
every 3—-6 months for the first 2 years and every 6—12
months thereafter. The median follow-up period from the
end of RT was 14 months for the entire cohort and 27
months for surviving patients. No patients were lost to
follow-up.

Statistical Analysis

SPSS version 22.0 (SPSS Inc., Chicago, IL, USA) was
used for data analysis. All survival times were calculated,
starting from the date of the initial diagnosis. OS was
defined as the time from the date of initial diagnosis to
death. PFS was defined as the time from the date of initial
diagnosis to local recurrence or occurrence of metastases
depending on which event occurred first. Enumeration data
are presented as relative numbers. In the univariate analy-
sis, the Kaplan—-Meier method was used to estimate OS
and PFS for various subgroups. In multivariate analyses,
hazard ratios were calculated. For all tests, P-values < 0.05
were considered significant.

Results

In total, 103 patients were included in the analysis. Patient
characteristics are listed in Table 1. Sixty-four patients
(62.1%) were aged > 75 years, and the median age was
77 years. Over 60% of the patients were male. Most
patients had a locally advanced disease at the time of
diagnosis. The location of the primary tumor (defined by
its proximal edge) was the cervix in 3.8% of cases, upper
thorax in 24.3% of cases, middle thorax in 41.7% of cases,
and lower thorax/abdomen in 30.2% of cases. Sixty-seven
patients (65.0%) had a lesion length > 4 cm. Eighty-three
patients had gross tumor volumes (GTVs) < 64 cm’
(80.6%). Sixty-four patients (62.1%) received a total
dose > 60 Gy.

The median OS and PFS for the entire cohort were 15.0
and 13.0 months, respectively. The estimated 2- and 5-year
survival rates were 34.3% and 18.2%, respectively, for OS
and 26.2% and 16.0%, respectively, for PFS. Univariate
analysis revealed that patient age was not associated with
OS or PFS (Figure 1). Both tumor and nodal stage and lesion
length had a significant influence on OS, with patients

submit your manuscript

3230

Dove

Cancer Management and Research 2021:13


http://www.dovepress.com
http://www.dovepress.com

Dove Jiang et al
Table | Patient Characteristics 104 1
Characteristic No. (%) LL
Age (year) Median 77 (48-88) 08 1
<75 39 (37.9) L
>75 64 (62.1) M
0 — -
Gender Male 62 (60.2) O o6 L Age=75
Female 41 (39.8) 2 h
S N
Tumor stage TI-T2 22 (21.4) 2
E o
T3 17 (16.5) 3
T4 64 (62.1) T
Nodal stage (clinical) NO 77 (74.8) 02+ #
NI 26 (25.2) Age <75
Lesion length (cm) <4 36 (35.0)
>4 67 (65.0) 001 P=0.136
GTV (cm®) <64 83 (80.6) 6 :(;0 JOIO so'o 80'0 1060
=64 20 (19.4) Time(months)
Tumor location Cervical 438 Figure | Kaplan-Meier estimates of overall survival (OS) for Age 275 vs Age<75.
Upper thoracic 25 (24.3)
Middle thoracic 43 (41.7)
Lower thoracic 31 (30.2) 104 —
Total radiation dose (Gy) <60 39 (37.9) l
>60 64 (62.1)
08 AR T1-T2
o+ - ~+ -
having T1/2 tumors or NO status achieving a median OS of
25.9 and 29.6 months, respectively (Figures 2-4). % 067
Cox regression analysis revealed that T stage (odds %
ratio [OR] = 4.68; P = 0.000), N stage (odds ratio = E
0.28; P =0.013), and lesion length (odds ratio = 0.09; P= 3 o4
0.000) were independent factors relevant to the prognosis T4
of patients with EC who received IMRT, as shown in . T3
Table 2.
Discussion 001 P=0.019
EC presents obvious regional distribution worldwide, with 0 200 400 600 800 1000

associated morbidity and mortality clearly differing among
countries.”® China has a particularly high incidence of
EC.° Approximately 90% of all ECs present as squamous
cell carcinoma, and the pathogenesis of the disease is
believed to be related to the genetic background and
acquired dietary habits."’

The morbidity rates of men and women with EC are
30/100 000 15/100 000,
respectively.'''> Most patients with EC are usually diag-

approximately and
nosed at an advanced stage and thus lose the opportunity
for a surgical option. In such cases, conservative defini-
tive RT or CRT should be an effective method to treat

Time(months)

Figure 2 Kaplan—Meier estimates of overall survival (OS) for TI1-T2 vs T3 vs T4.

patients. However, some people refuse chemotherapy
because of financial reasons, complications, or psycholo-
gical reasons. Such patients are typically treated with RT
alone. RT and chemotherapy can drastically prolong sur-
vival and improve the quality of life."*'> IMRT was
developed in recent years and can significantly increase
the dose of radiation to the tumor target area while redu-
cing radiation exposure to the surrounding normal tissues.
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104 7 Table 2 Cox Regression Analysis of Independent Factors
\"1 Relevant to Prognosis
L\ Factors OR 95% CI P
08 L
. 1‘_ Age (year) 1.248 0.54-2.85 0.599
L»,* Gender 0.430 0.15-1.16 0.096
28T
% L Tumor location 0.674 0.26-1.73 0.415
= bk
g 1 1 Lesion length (cm) 0.095 0.03-0.3 0.000
044
:E, H—b . =1 NO T stage 4.680 2.05-10.71 0.000
o e -+
N stage 0.281 0.10-0.77 0.013
07 Total radiation dose (Gy) 1.438 0.70-2.92 0375
N1
004 P=0.047 Numerous factors, including the RT method, radiation
! L o0 b P FL dose, alllgilghmcal stage, influence the curative effect of RT
Time(months) for EC."*® However, results of clinical reports are not com-

Figure 3 Kaplan—Meier estimates of overall survival (OS) for NO vs NI.

This, in turn, improves the curative effects of radiation
treatment while reducing related side effects.'® Under the
condition that the radiation fields of the surrounding tis-
sue are consistent with the shape of the target area, IMRT
adjusts the irradiation intensity based on the three-
dimensional shape of the target area and incorporates
the specific anatomical relationship between important
organs and the target area.

1.0 ‘—-#—ﬂ-H-»L—‘
] g'*’};
08 I
8 0.6+ *“‘
2 | |
> ,
© !
= : |
E 04 L
s -
[3) L=4cm
0.27 tE==
L>4cm _‘
004 P=0.000 ‘
T T T 1 T T
0 200 400 60.0 80.0 1000
Time(months)

Figure 4 Kaplan—Meier estimates of overall survival (OS) for lesion length <4cm vs
>4cm.

pletely consistent,'**’

and to the best of our knowledge, no
prediction model of the curative effects of RT for EC is avail-
able. Most reports on the curative effect of RT mainly focus on
the choice of irradiation technique and the irradiation
intensity,”' and such research on the influence of patients’
clinical characteristics on the curative effect of RT is limited.
Therefore, to explore the influence of their clinical character-
istics on the curative effects of treatment, we retrospectively
analyzed the data of recent EC patients who were admitted to
our hospital and received IMRT. Among 103 patients who
received RT, 36 patients survived > 2 years and 67 patients
died of tumor recurrence, distant metastasis, or related compli-
cations within 2 years of treatment. Thus, the 2-year survival
rate was 35.0%. Moreover, Cox regression analysis showed
that an increasing T stage increased the odds of survival, while
an increasing N stage and lesion length reduced the odds of
survival, thus representing important prognostic factors for
patients with EC who received IMRT.

The T stage reflects tumor size and depth of invasion. In
general, the higher the T stage, the larger the tumor and the
deeper the tumor invasion. The tumor is large, the central area
of the tumor is hypoxic. In this case, the cells in the center of the
tumor are less sensitive to radiotherapy and therefore have
a poor prognosis. The N staging reflects regional lymph node
metastasis, The later the stage, the more extensive the regional
lymph node metastasis.

Several other studies have shown that advanced
T stage,”>* N stage,>* and longer tumor length® are strong
indicators of a poor prognosis. However, these studies included
either chemoradiotherapy or radiotherapy. In our study, all
patients received definitive radiotherapy alone.
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This study had some limitations. First, this was
a single-institution retrospective study with a relatively
small sample size; the clinical relevance is relatively low.
As such, our findings may not be generalizable to other
clinical settings. Therefore, prospective studies with
a larger sample size are needed to explore the relationship
of T stages, N stages, lesion length, and other prognostic
factors of EC with patient survival.

Conclusion

We established IMRT as a relatively effective treatment
option for advanced EC, and the 2-year survival rate was
approximately 35%. T stage, N stage, and lesion length
influenced the long-term curative effects of IMRT for EC.
The higher the stage and the longer the tumor, the lower
the 2-year survival rate.

Abbreviations

CT, computed tomography; EC, esophageal cancer; IMRT,
intensity-modulated radiation therapy; OS, overall survi-
val; PFS, progression-free survival.
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