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Abstract

Purpose To identify predictive factors for local control of locally advanced esophageal cancer by chemoradiotherapy, the
relationship between clinical features, including macroscopic tumor type, and treatment outcome was analyzed in 83 patients.
Materials and methods Macroscopic tumor type was defined by endoscopy as follows: type 1: protruding type; type 2: ulcera-
tive and localized type; type 3: ulcerative and infiltrative type; type 4: diffusely infiltrative type; and type 5: unclassifiable
type. We analyzed the overall survival, cause-specific survival, local progression-free rate, and predictive factors for locally
advanced esophageal cancer after chemoradiotherapy.

Results The median follow-up period at the time of evaluation was 59 months among survivors. The 5-year overall survival,
cause-specific survival, and local progression-free rates for type 1 and other types were 37.0% and 23.3% (P =0.4255), 71.8%
and 30.3% (P=0.0325), and 100% and 63.3% (P =0.0246), respectively. Macroscopic tumor type (type 1) was the most
significant predictive factor of cause-specific survival and local progression-free rates.

Conclusions Macroscopic tumor type 1 was the significant favorable predictive factor for local control. The study results

suggested that the macroscopic tumor type was useful in predicting tumor responses.

Keywords Esophageal cancer - Chemoradiotherapy - Endoscopy

Introduction

Esophageal cancer is a serious and aggressive disease that
remains difficult to treat. The lack of a serosal barrier in the
esophagus facilitates the radial spread of tumors to invade
adjacent local structures such as the tracheobronchial tree,
pleura, or aorta. In addition, esophageal cancer is associated
with a high frequency of lymph node metastases, observed in
approximately 70% of patients at autopsy. The prognosis of
advanced esophageal cancer remains poor, and an estimated
11,483 deaths occurred due to this disease in Japan in 2016
[1, 2]. Progression of esophageal cancer causes dysphagia,
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and various other symptoms result from infiltration of the
surrounding organs. Therefore, local control of esophageal
cancer is very important.

Surgical resection is the curative treatment for esopha-
geal cancer. However, esophagectomy remains one of the
most demanding surgical procedures, and not all patients
are suitable for surgery. Chemoradiotherapy (CRT) is the
standard treatment option in patients with esophageal can-
cer who are ineligible for surgery. Numerous studies have
proven the effectiveness of CRT [3-8]. However, CRT is
associated with a relatively higher local recurrence rate than
surgery [9, 10]. Treatment outcomes of CRT differ from case
to case, and various factors are related to these outcomes. If
the predictive factors for CRT outcomes are identified, selec-
tion of CRT as the definitive treatment for patients with posi-
tive predictive factors may be feasible. Many authors have
reported various predictive factors for local control after
CRT for esophageal cancer [11-16]. However, few studies
have assessed the relationship between macroscopic tumor
type and responses following CRT.
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Therefore, in this study, we analyzed the clinical features,
including macroscopic tumor type, and treatment outcomes
after CRT for locally advanced esophageal cancer and aimed
to identify the predictive factors for local control following
CRT.

Materials and methods
Patients

From June 2008 to June 2017, a total of 120 patients with
esophageal cancer underwent CRT at Hiroshima Prefectural
Hospital. Among these patients, we analyzed those who met
the following criteria:

1. Histological diagnosis of squamous cell carcinoma.

2. T2-T4 disease and no organic metastasis. Patients with
supraclavicular lymph node metastasis were included.
T1 disease was excluded.

3. Macroscopic tumor type diagnosed by endoscopy.

4. Patients who received concurrent CRT.

Before therapy, all patients underwent clinical evalua-
tion by assessment of previous medical history, physical and
laboratory examinations, upper gastrointestinal endoscopy,
and radiographic studies. Laboratory examination included
complete blood cell count, liver function studies, renal func-
tion studies, and measurement of electrolytes. Radiographic
studies included chest radiography and computed tomogra-
phy (CT) of chest, abdomen, and pelvis. The clinical TNM
stage was defined according to the Tumor Node Metastasis
classification (Union for International Cancer Control 7
edition). The study protocol was approved by the Human
Ethics Review Committee of Hiroshima Prefectural Hos-
pital, and each subject provided written informed consent.

Treatment

Three-dimensional conformal radiation therapy was used for
treatment planning in all patients. In principle, elective nodal
irradiation (ENI) was performed. Elective nodal areas were
determined as follows: supraclavicular to middle mediastinal
regions for cervical and upper thoracic tumors; upper medi-
astinal to perigastric regions for middle and lower thoracic
tumors; and lower mediastinal to celiac regions for abdomi-
nal tumors. The dose of ENI was 40 Gy using 6-10 MV
photon beams (2 Gy/fraction). After ENI, boost radiotherapy
to primary tumor and lymph node metastasis was initiated.
The total prescribed dose was 60 Gy. For patients with poor
lung function or very large tumor lesions, a decreased dose
was selected to avoid adverse effects. The concurrent chemo-
therapy regimen was two cycles of cisplatin 70 mg/m? on
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day 1 and 5-fluorouracil 700 mg/m? on day 1 to day 4 at an
interval of 4 weeks. Another two cycles of cisplatin and
5-fluorouracil were administered 4 and 8 weeks after CRT.

Definitions

Macroscopic tumor type was defined according to the Japa-
nese Classification of Esophageal Cancer 11th edition as
follows [17]:

Type 1

Protruding type Localized protruding lesion. The definitely
protruding lesion commonly has an erosive surface. How-
ever, the lesion is occasionally covered by intact squamous
epithelium continuous with the surroundings.

Type 2

Ulcerative and localized type The ulcerative lesion has a
well-demarcated surrounding ridge.

Type 3

Ulcerative and infiltrative type The ulcerative lesion has
an ill-demarcated surrounding ridge circumferentially or
semi-circumferentially.

Type 4

Diffusely infiltrative type Lesion with wide intramural inva-
sion, generally without conspicuous ulceration or protrusion.
Even if the lesion has ulcerative and/or protruding compo-
nents, it is defined as type 4.

Type 5

Unclassifiable type The lesion has a complicated macro-
scopic appearance that is unclassifiable as any of macro-
scopic tumor types 1-4.

All patients underwent follow-up CT and upper gastro-
intestinal endoscopy every 4—-6 months after CRT. Local
esophageal tumor progression was defined as progressive
disease of local esophageal tumor on CT or endoscopy,
and local progression-free (LPF) status was defined as the
absence of local esophageal tumor progression.

Statistical analysis

Univariate analyses using the Mantel-Haenszel y* test were
performed to determine the statistical significance of dif-
ferences in treatment results. Investigated factors included
age at CRT, sex, tumor location, T stage, N stage, M stage,
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macroscopic tumor type, tumor length, and maximum tumor
diameter. The maximum tumor diameter was the major
axis in transverse planes in CT images. The Kaplan—-Meier
method was used to calculate the overall survival (OS),
cause-specific survival (CSS), and LPF rates. The OS was
calculated from the date of initiation of CRT to the date of
the final follow-up or death from any cause. The CSS was
estimated from the CRT start date until death from esopha-
geal cancer, and patients who died of other diseases were
censored. The LPF was estimated from the CRT start date
until the date of local esophageal tumor progression, and
patients without local progression at the time of death were
censored. In estimation of LPF, local esophageal tumor pro-
gression was defined as the enlargement of the tumor from
its state after CRT, as observed by CT or endoscopic find-
ings, even in patients who did not achieve complete response
following CRT. Ekuseru-Toukei 2015 (version 1.02; Social
Survey Research Information Co., Ltd., Tokyo, Japan) was
used to perform the statistical analyses. Statistical signifi-
cance was defined as P <0.05.

Results
Patients

Of the 120 patients who underwent definitive CRT, 37 were
excluded from the analysis because 22 patients had T1 dis-
ease, the details of endoscopic findings before CRT in 13
patients were not available and 2 patients had adenocarci-
noma. Therefore, 83 patients were enrolled in this study.
Characteristics of the eligible patients are summarized in
Table 1. Macroscopic tumor type 1, type 2, and type 3 were
observed in 15 patients (18%), 36 patients (43%), and 30
patients (36%), respectively. Type 4 and type 5 were each
observed in one patient (1%). The median patient age was
71 years (52-86 years) and almost 90% of patients were
men. T2, T3, and T4 disease were observed in 9 patients
(11%), 36 patients (43%), and 38 patients (46%), respec-
tively. Regarding lymph node metastases, regional lymph
node metastases were observed in 66 patients (80%) and
supraclavicular lymph node metastases in 17 patients (20%).
Stage I, Stage II, Stage III, and Stage IV disease were
observed in 5 patients (6%), 8 patients (10%), 53 patients
(64%), and 17 patients (20%), respectively. In 10 patients
(12%), a decreased dose (less than 60 Gy) was selected.
The median follow-up period at the time of evaluation was
59 months in survivors.

Treatment outcome of all patients

Figure 1 shows the OS, CSS, and LPF rates in all patients.
The 5-year OS rate was 25.6% (95% confidence interval
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Table 1 Patient characteristics
Total
n=_83
Age, years, median (range) 71 (52-86)
Sex
Male 73 88%
Female 10 12%
Location
Cervical esophagus 16 19%
Upper thoracic esophagus 12 14%
Middle thoracic esophagus 27 33%
Lower thoracic esophagus 24 29%
Esophago-gastric junction 4 5%
T stage
T2 9 11%
T3 36 43%
T4 38 46%
N stage
NO 16 19%
N1 33 40%
N2 25 30%
N3 9 11%
M stage
MO 66 80%
M1 17 20%
Stage
Stage I 5 6%
Stage 11 8 10%
Stage 111 53 64%
Stage IV 17 20%
Macroscopic tumor type
Type 1 15 18%
Type2 36 43%
Type 3 30 36%
Type 4 1 1%
Type 5 1 1%
Tumor length, mm, median (range) 60 (10-160)
Maximum diameter, mm, median (range) 33 (15-57)
Dose, Gy, median (range) 60 (43.2-66)

[CI] 15.3-35.9%). During the follow-up period, 57 patients
died; among these, 43 died of esophageal cancer and 14
died of other diseases. The 5-year CSS rate was 36.3% (95%
CI 23.8-48.7%). The 5-year LPF rate was 69.6% (95% CI
56.9-82.3%). Disease progression was observed in 46
patients. As the pattern of first recurrence, 18 patients expe-
rienced treatment failure at the site of the local esophageal
tumor, 5 patients had lymph node metastasis, and 20 patients
had distant metastasis.

The 5-year OS rates of Stage I, Stage II, Stage III, and
Stage IV were 20.0% (95% CI 0-55.1%), 18.8% (95% CI
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Fig. 1 Treatment results of
chemoradiotherapy for esopha-
geal cancer. a Overall survival
rate. The 5-year overall survival
rate was 25.6%. b Cause-spe-
cific survival rate. The 5-year
cause-specific survival rate was
36.3%. ¢ Local progression-free
rate. The 5-year local progres-
sion-free rate was 69.6%

0-49.7%), 34.7% (95% CI 20.6-48.7%), and 6.6% (95%
CI 0-19.1%), respectively. The 5-year CSS rates of Stage
I, Stage II, Stage III, and Stage IV were 33.3% (95% CI
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0-86.7%), 42.9% (95% CI 6.2-79.5%), 43.4% (95% CI
28.3-58.6%), and 12.9% (95% CI 0-34.6%), respectively.
The 5-year LPF rates Stage I, Stage II, Stage III, and Stage
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IV were 75.0% (95% CI 32.6-100%), 75.0% (95% CI
45.0-100%), 71.5% (95% CI1 58.8-84.2%), and 42.9% (95%
CI 0-100%), respectively.

Treatment outcome by macroscopic tumor type

Type 4 and 5 tumors were excluded from these analy-
ses because of the small number of cases. The 5-year OS
rates of type 1, type 2, and type 3 were 37.0% (95% CI
11.7-62.4%), 17.7% (95% CI 3.2-32.1%), and 31.9% (95%
CI 14.2-49.7%), respectively. The 5-year CSS rates of type
1, type 2, and type 3 were 71.8% (95% CI 44.3-99.3%),
24.6% (95% CI1 6.7-42.4%) and 36.8% (95% CI 17.3-56.3%),
respectively. The 5-year LPF rates of type 1, type 2 and
type 3 were 100% (95% CI 100-100%), 47.8% (95% CI
22.8-72.8%) and 80.5% (95% CI 64.9-96.2%), respectively.
The complete response rates of type 1, type 2 and type 3
were 86.7%, 55.6% and 73.3%, respectively. The 5-year CSS
and LPF rates of type 1 were better than those of type 2 and

type 3.

Table 2 Relationship between
predictive factors and treatment

Predictive factors for CSS and LPF

Table 2 shows the univariate analyses of the predictive fac-
tors for CSS and LPF. For both CSS and LPF, macroscopic
tumor type 1 showed a better treatment outcome than the
other types. In our study, macroscopic tumor type had a
greater influence on treatment outcome than sex, TNM
stage, and tumor volume, and was the only significant pre-
dictive factor.

Comparison between macroscopic tumor type 1
and other types (types 2-5)

Table 3 summarizes the characteristics of macroscopic
tumor type 1 and other types (types 2—-5). There was no sta-
tistical difference in the clinical characteristics of the groups.
Figure 2 shows the OS, CSS, and LPF rates of a compari-
son of type 1 and other types. The 5-year OS rates of type
1 and other types were 37.0% (95% CI 11.7-62.4%) and
23.3% (95% CI12.2-34.4%), respectively (P =0.4255). The

Five-year CSS UVA Five-year LPF UVA

results rate (%) P value rate (%) P value

Age
<70 46% 36.4 0.5921 78.4 0.1914
>70 54% 352 62.9

Sex
Male 88% 31.3 0.0804 71.6 0.6304
Female 12% 66.7 75.0

Location
Cervical esophagus 19% 25.5 0.8114 50.9 0.8546
Others 81% 38.5 72.9

T stage
T2 and 3 54% 43.7 0.1536 75.4 0.5948
T4 46% 274 61.7

N stage
NO 19% 42.4 0.4392 69.2 0.9213
N1-3 81% 35.1 69.4

M stage
MO 80% 41.9 0.0803 71.6 0.6374
M1 20% 12.9 429

Macroscopic tumor type
Type 1 18% 71.8 0.0325 100 0.0246
Other types 82% 30.3 63.3

Tumor length
< 60 mm 45% 385 0.5310 78.6 0.2349
> 60 mm 55% 33.7 61.3

Maximum diameter
< 33mm 47% 39.8 0.1896 70.7 0.5060
> 33mm 53% 33.9 70.2

CSS cause-specific survival, UVA univariate analysis, LPF local progression free
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Table 3 Comparison of

. Type 1 Other types P value
macroscopic tumor type 1 and
other types n=15 n=68
Age, years, median (range) 71 (59-83) 71 (52-85) 0.3402
Sex 0.8659
Male 13 87% 60 88%
Female 2 13% 8 12%
Location 0.1758
Cervical esophagus 6 40% 10 15%
Upper thoracic esophagus 2 13% 10 15%
Middle thoracic esophagus 2 13% 25 37%
Lower thoracic esophagus 4 27% 20 29%
Esophago-gastric junction 1 7% 3 4%
T stage 0.7518
T2 1 7% 8 12%
T3 6 40% 30 44%
T4 8 53% 30 44%
N stage 0.2493
NO 5 33% 11 16%
N1 5 33% 28 41%
N2 5 33% 20 29%
N3 0 0% 9 13%
M stage 0.4485
MO 13 87% 53 78%
M1 2 13% 15 22%
Tumor length, mm, median (range) 60 (20-110) 60 (10-160) 0.7945
Maximum diameter, mm, median (range) 29 (18-55) 34 (15-57) 0.6308
Dose, Gy, median (range) 60 (56-66) 60 (43.2-66) 0.3064

5-year CSS rates of type 1 and other types were 71.8% (95%
CI 44.3-99.3%) and 30.3% (95% CI 17.3-43.3%), respec-
tively (P=0.0325). The 5-year LPF rates of type 1 and other
types were 100% (95% CI 100-100%) and 63.3% (95% CI
48.5-78.1%), respectively (P=0.0246). Among patients
with type 1 disease, 9 died; of these, 3 (33%) died of esoph-
ageal cancer and 6 (67%) died of other diseases. Among
patients with other types, 48 died; of these, 40 (83%) died
of esophageal cancer and 8 (17%) died of other diseases.
The 5-year CSS and LPF rates of type 1 were significantly
better than those of other types, but there was no significant
difference in OS because the frequency of death from other
diseases was high in patients with type 1 disease.

Discussion

In patients with locally advanced esophageal cancer who
are medically and surgically fit, preoperative chemother-
apy followed by surgery should be considered. CRT is con-
sidered in patients who are not suitable for surgery or who
refuse it. Consequently, patients who undergo CRT include
those with advanced stage disease and/or poor general
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condition who were not suitable for surgery. Therefore,
it is not appropriate to simply compare surgery and CRT.
However, in the case of stage II-III operable esophageal
cancer, the 5-year OS and PFS rates were 55% and 44%
for surgery, and 37% and 26% for CRT, respectively [9,
10]. It seemed that the treatment outcome of surgery was
better than that of CRT. We suspected that the difference in
outcomes between the two treatment modalities stemmed
largely from the frequency of local recurrence. With pre-
operative therapy followed by surgery, local recurrence
ranged from about 20-30%. On the other hand, local recur-
rence after CRT occurred in 30-50% of patients [2, 9, 10,
12, 13, 15, 18-20]. To improve the treatment outcomes
of CRT, we felt that local control was the most impor-
tant factor. Several previous studies described recurrence
patterns in patients with esophageal cancer who received
CRT [12, 19, 20]. The majority of these patients experi-
enced treatment failure at the site of the primary tumor,
and the incidence of distant metastasis in patients who
achieved complete response after CRT was not high. For
these reasons, local control might be the key in improving
treatment outcome, and it is also important to predict local
control after CRT.
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such as TNM stage and tumor length. Local control was
particularly superior in patients with type 1 disease com-
pared to other types. The complete response rate of type
1 was higher than those of other types and the 5-year CSS
and LPF rates of type 1 were 71.8% and 100%, respectively.
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While the sample size was small, these treatment results
were remarkable. In patients with unresectable advanced
esophageal cancer, or patients who do not wish to undergo
surgery, knowledge of the efficacy of CRT for esophageal
tumor type 1 would be beneficial in treatment decisions.

Morita et al. previously reported a relationship between
the radiologic features of esophageal cancer and the local
control by radiation therapy [21]. The authors found that
patients with superficial or proliferative type disease (type
1 in the current study) had better treatment outcomes than
patients with ulcerative or infiltrative type disease (types 2
and 3 in the current study). These findings were similar to
our results, and it is clear that the macroscopic tumor type
is closely related to local control following CRT. However,
current CRT differs in both the anticancer drugs and the
radiation therapy technique from the treatments used in the
study of Morita et al., and the tumor types in their study
were evaluated with barium examination. In addition, their
study included T1 disease, which was considered to have
better local control than T2-T4 disease. No previous studies
have described a relationship between macroscopic tumor
type and responses after current CRT for locally advanced
esophageal cancer. The present study is a unique investiga-
tion that suggests the possibility that the effect of current
CRT for locally advanced esophageal cancer can be pre-
dicted by macroscopic tumor type.

Despite good local control, the 5-year OS rate was not
significantly different between type 1 and other types in the
current study. The reason for this finding was death from
other diseases. Patients with locally advanced esopha-
geal cancer often have comorbid diseases, such as chronic
obstructive lung disease, alcoholic liver disease, cardiovas-
cular disease, and other cancers. According to a Japanese
nationwide survey, almost 20% of patients with esophageal
cancer died from other diseases [2]. In our study, 17% of
all patients died from other diseases, a finding similar to
the results of the survey. However, in patients with type 1
disease, two-thirds of deaths were due to other diseases.
We believe that this outcome was due to chance, but it will
be necessary in a future study to confirm these results by
increasing the number of cases to avoid such potential inci-
dental findings.

At the same time, this study had several limitations,
including its retrospective and single-institution design,
which introduced potential biases, as well as its small sample
size. In addition, detailed pathological information, such as
degree of differentiation and nuclear grade, was not available
in our study owing to the retrospective design. However, in
this study population, since the backgrounds and treatment
procedures were well balanced, we felt that these shortcom-
ings did not significantly affect the credibility of our study.
Therefore, despite these limitations, macroscopic tumor
type as determined by endoscopy was the most significant
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predictive factor for outcomes of locally advanced esopha-
geal cancer after CRT, and we believe that these findings are
useful and meaningful.

In conclusion, macroscopic tumor type 1 was the signifi-
cant favorable predictive factor for local control after CRT.
The study results suggested that the macroscopic tumor type
was useful in predicting tumor responses. Further study is
warranted to evaluate the impact on prognosis.
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