
Abstract. Aim: To evaluate whether patients with T1
esophageal squamous cell carcinoma receiving definitive
radiotherapy can be managed without concurrent
chemotherapy, and the role of 18F-fluorodeoxyglucose
positron-emission tomography with computed tomography
(FDG-PET/CT) in demonstrating local control (LC). Patients
and Methods: Twenty-four out of 37 patients with newly-
diagnosed T1 EC treated with definitive radiotherapy between
July 2009 and July 2016 were retrospectively analyzed. FDG-
PET/CT was performed before treatment. Eleven patients were
assigned to a concurrent chemoradiotherapy (CRT) group.
Thirteen were placed in a no-CRT group. The two groups were
compared and univariate analysis of clinical factors
influencing the prognosis in each group was conducted.
Results: Mean radiotherapy doses were 59.2 Gy in the no-
CRT group and 55.5 Gy in the CRT group (p=0.025). Overall
survival, disease-free survival, and LC rates at 2 years were
lower in the no-CRT group compared to the CRT group.
Disease-free survival and LC rates at 2 years were
significantly lower in the patients with FDG-avid primary
tumor in the no-CRT group (p=0.002 and p=0.002,
respectively). All patients with FDG-avid primary tumors in
the no-CRT group developed local recurrence. Conclusion: It
is important to note that all patients with FDG-avid primary
tumor in the no-CRT group developed local recurrence. This

would suggest that concurrent chemotherapy is an integral
part of disease management in patients with T1 esophageal
squamous cell carcinoma. 

Although the majority of patients with esophageal cancer
(EC) presented with locally advanced disease in historical
series, more recent series show that with increased
surveillance endoscopy, many patients (18-33%) are being
diagnosed with early-stage lesions (1, 2). T1 EC is defined
as a malignant tumor that is limited to the lamina propria
mucosa or muscularis mucosa (stage T1a), or submucosa
(stage T1b) in the eighth edition of the American Joint
Committee on Cancer/Union for International Cancer
Control TNM staging system (3).

18F-FIuorodeoxyglucose positron-emission tomography
with computed tomography (FDG-PET/CT) is important for
staging EC and selecting patients for surgery. FDG-PET/CT
is also helpful for evaluating the treatment response and
detecting recurrent disease throughout the entire body during
follow-up (4). Although FDG-PET/CT plays a crucial role,
few studies have evaluated its clinical significance for
patients with T1 EC treated with radiotherapy.

There was a significant reduction in local recurrence in
patients treated with concurrent chemoradiotherapy (CRT)
compared with those treated with radiotherapy alone (5, 6).
However, higher rates of CRT discontinuation and toxicity
in elderly patients were observed (7). We managed elderly
patients aged ≥75 years with sequential radiotherapy and
chemotherapy; for patients unable to tolerate chemotherapy,
we apply radiotherapy alone and we administer CRT to non-
elderly patients with T1 EC.

The aims of this retrospective study were to investigate
whether patients with T1 EC receiving definitive radiotherapy
can be managed without concurrent chemotherapy and to
assess the role of FDG-PET/CT for these patients in
demonstrating local control (LC).
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Patients and Methods

Patients. Thirty-seven patients with newly diagnosed T1 EC were
treated with definitive radiotherapy between July 2009 and July
2016. Patients were referred for definitive radiotherapy either due
to their preference, or because it was considered that they were
medically unfit for surgery. Patients who had definitive CRT for
synchronous double cancer of the esophagus and head and neck
carcinomas, or endoscopic submucosal dissection before
radiotherapy were excluded from the study. Twenty-four patients
therefore underwent the retrospective analysis.

Pretreatment evaluation. The pretreatment evaluation consisted of
a complete history and physical examination, blood counts,
chemistry profile, esophagography, esophagoscopy and contrast-
enhanced thoracoabdominal CT. 

Disease in all patients was staged with FDG-PET/CT before
radiation planning. Most images were obtained at the University-
affiliated PET Institute using a Biograph16® TruePoint (Siemens
Medical Solutions USA Inc., Malvern, PA, USA). After fasting for
6 h, FDG was intravenously injected based on the patient’s weight
(150-300 MBq) when the blood glucose level was <200 mg/dI.
Sixty minutes after the FDG injection, non-contrast CT with 
110 mAs, 130 kV, and a 5-mm slice thickness was conducted,
followed by a PET emission scan. PET images were reconstructed
iteratively (OS-EM algorithm; 2 iterations, 14 subsets) with a matrix
size of 168×168.

Magnifying endoscopy with narrow-band imaging (ME-NBI) and
Lugol chromoendoscopy was performed after conventional
endoscopy. Lugol-unstained regions of ≥5 mm were subjected to
biopsies, and unstained regions were marked cranially and caudally
with metallic endoclips. All patients had histologically confirmed
squamous cell carcinoma (SCC) of the esophagus. 

Treatment groups. Eleven patients were assigned to a concurrent
chemoradiotherapy (CRT) group. Thirteen were placed in a no-CRT
group. Sequential chemotherapy (SCT) was scheduled for the no-
CRT group unless patients were medically unfit for chemotherapy.
For the CRT group, SCT was added when the response of the
primary tumor was not complete.

Three-dimensional conformal radiotherapy involved 15-MV
photons administered in 5×1.8-to 2.0-Gy fractions per week. The
primary gross tumor volume (GTV) was set as the esophagus
between the two marked endoclips. All the lesions detected by
FDG-PET/CT were in the GTV. The clinical target volume (CTV)
encompassed the GTV with 4-cm craniocaudal margins and regional
lymph nodes (LN). Elective supraclavicular LN regions were
included when the proximal tumor was above the carina level.
Elective abdominal LN regions were included when the distal tumor
was near the gastroesophageal junction. The planning tumor volume
(PTV) was derived from the CTV plus 1 cm. The primary dose was
delivered at 40-45 Gy to the PTV. The boost PTV was derived from
the boost CTV (GTV with 2-cm craniocaudal and 0.5-cm radial
margins) plus 0-1 cm. Involved nodes with 0.5-cm margins were
also contained in the boost CTV (8).

Two cycles of combined 5-fluorouracil and cisplatin were used for
patients treated with CRT (700 mg/m2 5-fluorouracil and 70 mg/m2
cisplatin administered on days 1-4, and day 1, respectively). For SCT,
two cycles of combined 5-fluorouracil and cisplatin comprised the
regimen for the no-CRT group (800 mg/m2 5-fluorouracil and 

80 mg/m2 cisplatin on days 1-5, and day 1, respectively) and two
cycles of combined docetaxel and cisplatin comprised the regimen for
the CRT group (60 mg/m2 docetaxel on days 1 and 21, and 60 mg/m2
cisplatin on days 1 and 21).

Follow-up and statistical analysis. The endoscopic response was
assessed at 1 month after radiotherapy. Follow-up examinations
including endoscopy and enhanced CT were conducted at 3-to 6-
month intervals for 2 years, and were scheduled according to
individual clinical findings after the completion of radiotherapy.
Local recurrence was determined based on pathological signs of
vital tumor tissue.

Groups were compared using the chi-squared (Fisher’s exact) test
for frequencies and t-test for continuous variables. Overall survival
(OS), disease-free survival (DFS), and LC rates were calculated from
the date of starting radiotherapy. Kaplan–Meier curves were used for
univariate analyses to assess the variables as risk predictors and
compared using the log-rank test. Factors with a p-value of <less
than 0.05 were considered significant. Statistical analysis was
performed with SPSS version 25.0 (IBM Corp., Armonk, NY, USA). 

Results
Esophageal tumors were detected by endoscopic screening in
17 asymptomatic patients (Table I). Six patients were without
any evidence of other disease, and in 11 cases EC was
detected during follow-up for another disease. Seven other
patients presented with mild symptoms including dysphagia
and odynophagia. All patients had albumin >3.6 mg/dl, and
C-reactive protein <0.7 mg/dl, and no weight loss. Primary
tumor was not detected by esophagography or contrast-
enhanced CT in all patients. 

There were no severe complications from therapy. No
patient had a delay in radiotherapy exceeding 5 days. The
OS, DFS, and LC rates of the 24 patients at 2 years by
Kaplan–Meier product-limited methods were 82.1, 62.5, and
75%, respectively. Of 10 recurrences, three patients had LN
recurrence without primary recurrence and seven had
recurrence only at the primary site within radiation fields.
All LN metastases were outside radiotherapy fields. Local
recurrence developed 2-41 months (median=8 months) after
radiotherapy.

Comparison of the no-CRT and CRT groups. The distribution
of clinical factors and comparison of the two groups are
shown in Table I. Significant differences between the no-
CRT group and CRT group included the mean age (74 years
vs. 64.5 years, respectively, p=0.016) and mean applied
cumulative radiotherapy dose to the primary tumor (59.2 vs.
55.5 Gy, p=0.025, respectively). Out of eight deaths, five
were due to EC. One patient in the no-CRT group and two
in the CRT group died of other diseases without any
recurrence. The 2-year OS, DFS and LC rates tended to be
higher (non-significantly so) in the CRT group than the no-
CRT group (Figure 1). The maximum standardized uptake
value (SUVmax) of FDG-avid primary tumors ranged from
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2.8 to 5.1, with a mean of 3.7 and median of 3.6. The mean
SUVmax was 3.5 (range=3.2-3.7) for the no-CRT group and
3.8 (range=2.8-5.1) for the CRT group (p=0.491).

Univariate analysis of each group. Univariate analysis of
clinical factors potentially influencing the OS, DFS, and
LC was conducted for the no-CRT group (Table II). DFS
and LC at 2 years were significantly lower in patients with
FDG-avid primary tumor in the no-CRT group, also
presented in Figure 2 (p=0.002 and p=0.002, respectively).
All four patients with FDG-avid primary tumors in the no-
CRT group developed local recurrence. Rates of OS at 2
years were significantly higher in patients with SCT in the
no-CRT group (p=0.026).

Univariate analysis of the same factors influencing the
OS, DFS, and LC was also performed for the CRT group. No
factor selected from Table II affected OS, DFS, or LC in the
CRT group. The 2-year OS, DFS, and LC rates in the CRT
group were 100, 80 and 80%, respectively, for patients
without FDG-avid primary tumor and 80, 83.3 and 100%,
respectively, for those with FDG-avid primary tumor
(p=0.746, p=0.599 and p=0.949). 

Discussion 

It is difficult to report a large number of patients treated with
definitive radiotherapy or CRT for T1N0 esophageal SCC
because the National Comprehensive Cancer Network
(NCCN) guidelines (version 3) recommend esophagectomy
for those medically fit for surgery and endoscopic resection
for patients with intramucosal carcinoma ≤2 cm. 

For patients with T1 EC, definitive radiotherapy and CRT
have been reported as therapeutic alternatives (9-13). Sample
sizes of single institutes were generally small and required
multicenter or long-term sample collection. Those studies were
non-comparative case series, with varying treatment protocols.
The treatment field and dose of external radiotherapy show
variation (13). Additionally, administrations of chemotherapy
were different and some studies included data on patients
treated with endoluminal brachytherapy or endoscopic
submucosal dissection (10-13). Most of these series involved
patients primarily with SCC. Nemoto et al. reported 78 patients
with T1 EC who received external radiotherapy without
endoluminal brachytherapy at nine radiotherapy institutions.
All patients had SCC and were treated with or without
chemotherapy. Their OS and LC rates at 2 years were 73 and
79%, respectively (13). This is compatible with the present
results, in which the rates were 82.1 and 75%, respectively.

A pivotal randomized controlled trial (RTOG-85-01) was
performed involving 123 patients. Patients had SCC (82%) or
adenocarcinoma (18%) of the esophagus staged T1-3 N0-1 M0.
CRT consisting of cisplatin and 5-fluorouracil infusions with a
radiation dose of 50 Gy was compared with radiation therapy
only with 64 Gy. The 2-year OS rate for these treated with
CRT was 36% compared to 10% following radiotherapy alone.
Life-threatening acute toxic effects were more marked with
CRT (10%) than radiotherapy only (2%) (6). However, the
results of that study may not correspond to T1 EC. There has
been no randomized study comparing patients with T1 EC
treated with CRT and radiotherapy alone as far as we are
aware. In our study, OS, DFS, and LC rates at 2 years tended
to be higher in the CRT group than the no-CRT group. 
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Table I. Baseline clinical characteristics of all patients with esophageal cancer, treated with and without concurrent chemotherapy (CRT). 

Characteristic                                                                                                 All (n=24)              No-CRT (n=13)             CRT (n=11)               p-Value

Age, years                                                Median (range)                           73 (43-81)                  77 (43-81)                     65 (53-74)                  0.016
Gender, n (%)                                           Female                                           2 (8.3)                         1 (7.7)                            1 (9.1)                    >0.99
                                                                  Male                                            22 (91.7)                    12 (92.3)                       10 (90.9)                      
Lymph node involvement, n (%)            No                                                21 (87.5)                     11 (84.6)                       10 (90.9)                  >0.99 
                                                                  Yes                                                 3 (12.5)                       2 (15.4)                          1 (9.1)                        
Tumor site, n (%)                                     Cervical                                         1 (0)                            1 (4.2)                            0 (7.7)                      0.158*
                                                                  Upper thoracic                              2 (18.2)                       0 (8.3)                            2 (0)                           
                                                                  Mid-thoracic                               15 (45.5)                    10 (62.5)                          5 (76.9)                      
                                                                  Lower thoracic                              6 (36.4)                       2 (25)                             4 (15.4)                      
Tumor length, cm                                    Median (range)                              6.1 (2-16.5)                5.5 (2-12.8)                10 (2-16.5)                 0.053
FDG-avid primary tumor, n (%)             No                                                14 (58.3)                       9 (69.2)                          5 (45.5)                    0.408
                                                                  Yes                                               10 (41.7)                       4 (30.8)                          6 (54.5)                      
Symptomatic, n (%)                                 No                                                17 (70.8)                    10 (76.9)                          7 (63.6)                    0.659
                                                                  Yes                                                 7 (29.2)                       3 (23.1)                          4 (36.4)                      
Applied radiation dose (Gy)                    Median (range)                            59.4 (50.4-64)            59.4 (50.4-64)              54 (50.4-59.4)            0.025
Follow-up period, months                       Median (range)                            26.5 (14-64)              26 (18-40)                     38 (14-64)                  0.058

FDG: 18F-Fluorodeoxyglucose. *Pearson’s Chi-squared test.
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Figure 1. Kaplan–Meier curves of overall survival (OS) (A), disease-
free survival (DFS) (B), and local control (C) in association with
concurrent chemoradiotherapy (CRT) (n=11) and no-CRT (n=13).

Figure 2. Kaplan–Meier curves of overall survival (OS) (A), disease-
free survival (DFS) (B), and local control (C) in association with the
presence of 18F-fluorodeoxyglucose (FDG)-avid (n=4) and non FDG-
avid (n=9) primary tumors in the no concurrent chemoradiotherapy
group. 



We did not treat those aged 75 years or more with
concurrent chemotherapy, as little is known about the
outcome of CRT for elderly patients with T1 EC. Takeuchi
et al. compared the outcome of CRT based on 
5-fluorouracil/cisplatin and 60 Gy of radiation between 33
elderly (>70 years) and 145 non-elderly patients with stage
II-III (non-T4) SCC EC. A significantly poorer survival rate,
and higher CRT discontinuation and grade 3 or more
leucopenia rates were reported in elderly patients (7). They
suggested that lower treatment compliance in elderly patients
might be the major reason for the inferior outcomes. 

We used ME-NBI for diagnosing the tumor depth
according to Inoue’s classification (9). Recently, the accuracy
of endoscopic ultrasound has been questioned for T1 stage
EC (14, 15) and the superiority of ME-NBI has been shown
(16). All our endoscopic procedures were performed by
endoscopists with extensive experience in this field and
staged as T1. Primary tumors were not visible by
esophagography or contrast-enhanced CT. 

There are a few articles demonstrating the utility of FDG-
PET/CT in staging for patients with T1 EC treated with
esophagectomy. FDG avidity and SUVmax were reported as
significant preoperative predictors as they were used to
detect T1 EC tumors infiltrating the middle or deep
submucosal layer (17, 18). Most of these patients had SCC.
Furukawa et al. analyzed 40 patients with T1 EC treated with
esophagectomy, and the optimal SUVmax cutoff required to
predict pathological tumor invasion to the middle
submucosal layer or beyond was 2.7. Furthermore, SUVmax
≥2.7 of the primary tumor on FDG-PET was associated with

poor DFS and disease-specific survival (17), whereas for
adenocarcinoma, FDG-PET/CT was not indicated as being
useful for staging T1 EC. Little et al. found that although
FDG uptake and SUV increased with the increasing depth of
tumor invasion, FDG-PET could not differentiate pTis from
pT1. Their patients with tumor uptake had SUVmax ranging
from 2.1 to 16.6, with a mean of 3.9 and median of 3.5 (19).
In present study, SUVmax ranged from 2.8 to 5.1, with a
mean of 3.7 and median of 3.6. 

This was a single-center retrospective study and had
several limitations, including a relatively small number of
patients. We were unable to draw conclusions as to why the
OS rate at 2 years was significantly higher for patients with
SCT in the no-CRT group. There were also other factors,
such as the LN status, reported to be unfavorable prognostic
factors in patients with EC treated with CRT (20), but the
number of our patients was limited and it was not possible
to evaluate these factors by multivariate analysis. A poor
nutritional status, based on the serum albumin level and body
weight at the beginning of radiotherapy, was also reported to
be a prognostic factor affecting both DFS and OS (21). Our
patients had a good nutritional status as their albumin levels
were above 3.6 mg/dl and they showed no weight loss. 

In conclusion, DFS and LC at 2 years were significantly
lower in patients with FDG-avid primary tumor in the no-CRT
group. Although this was a small group study, it is important
to note that all patients with FDG-avid primary tumor in the
no-CRT group developed local recurrence. To our knowledge,
this is the first report to suggest that FDG-PET/CT plays a
clinically significant role in the treatment of patients with T1
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Table II. Univariate analysis of 2-year overall survival (OS), disease-free survival (DFS), and local control (LC) in the group treated without
concurrent chemotherapy (n=13). 

Factor                                                                      Patients (n)         OS (%)         p-Value           DFS (%)            p-Value            LC (%)           p-Value

Age*                                          <77 Years                     4                    50                 0.742                 75                    0.137              100                  0.084
                                                   ≥77 Years                     9                   88.9                                        33.3                                          44.4                 
Gender                                       Female                         1                 100                 0.449               100                    0.362              100                  0.47
                                                   Male                           12                   75                                           41.7                                          58.3                 
Lymph node involvement         No                              11                   72.7              0.998                 45.5                 0.769                54.5               0.282
                                                   Yes                               2                 100                                           50                                           100                    
Tumor length*                           <5.5 cm                        6                   83.3              0.895                 50                    0.482                83.3               0.115
                                                   ≥5.5 cm                        7                   71.4                                        42.9                                          42.9                 
FDG-avid primary tumor          No                                9                   77.8              0.148                 66.7                 0.002                88.9               0.002
                                                   Yes                               4                    75                                              0                                               0                    
Symptomatic                             No                              10                   70                 0.893                 50                    0.447                70                  0.238
                                                   Yes                               3                 100                                           33.3                                          33.3                 
External dose*                           <59.4 Gy                      3                 100                 0.224                 33.3                 0.361                33.3               0.166
                                                   ≥59.4 Gy                    10                   70                                           50                                             70                    
Sequential chemotherapy          No                                6                    50                 0.026                 33.3                 0.503                50                  0.54
                                                   Yes                               7                 100                                           57.1                                          71.4                 

FDG: 18F-Fluorodeoxyglucose. *Median values were used as the optimal cut-off to discriminate the low- and high-probability categories.



EC undergoing radiotherapy. Large, prospective, multi-
institutional studies are needed to confirm our results.
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