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Abstract
Background  Surgical resection of esophageal cancer is frequently performed to achieve a complete cure. However, the 
postoperative recurrence rate is 36.8–42.5%, leading to poor prognosis. Radiation therapy has been used to treat recur-
rences; solitary recurrence has been proposed as a prognostic factor for radiation therapy, though its significance is unclear. 
18F-fluorodeoxyglucose positron emission tomography is a highly accurate diagnostic modality for esophageal cancer. This 
retrospective study aimed to analyze the outcomes of solitary postoperative recurrences of esophageal squamous cell carci-
noma diagnosed with 18F-fluorodeoxyglucose positron emission tomography and treated with definitive radiation therapy.
Methods  We examined 27 patients who underwent definitive radiation therapy for single or multiple postoperative recur-
rences of esophageal squamous cell carcinoma between May 2015 and April 2021. 18F-fluorodeoxyglucose positron emis-
sion tomography/computed tomography was performed within 3 months before the commencement of radiation therapy. 
Kaplan–Meier, univariate, and multivariate analyses were performed to examine the overall survival and identify potential 
prognostic factors.
Results  The 1-, 2-, and 3-year overall survival rates were 85.2%, 62.6%, and 47.3%, respectively, and solitary recurrence 
was the only significant factor associated with overall survival (P = 0.003). The 1-, 2-, and 3-year overall survival rates in 
patients with solitary recurrence were 91.7%, 80.2%, and 80.2%, respectively, and in patients with multiple recurrences they 
were 80.0%, 50.3%, and 25.1%, respectively. Multivariate analysis also showed solitary recurrence as a significant factor 
for overall survival.
Conclusions  When diagnosed with 18F-fluorodeoxyglucose positron emission tomography/computed tomography, solitary 
recurrence appears to have a more favorable prognosis than multiple recurrences.
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Introduction

Surgical resection of esophageal cancer is a regular treat-
ment method to achieve a complete cure. However, post-
operative recurrence rates range from 36.8 to 42.5%, lead-
ing to poor prognosis [1–3]. Therefore, it is crucial to treat 
recurrences, and radiation therapy is an adequate strategy for 
limited lesions. Several studies have reported the effective-
ness of radiation therapy in esophageal cancer and investi-
gated various prognostic factors for overall survival (OS) 
[4–20]. Recently, radiation therapy for oligometastatic can-
cers has received attention for various types of tumors [21], 
and solitary recurrence has been reported as a prognostic 
factor in esophageal cancer [4, 7, 10, 12, 14, 16, 18, 19]. 
However, these studies did not describe the frequency of use 
of 18F-fluorodeoxyglucose positron emission tomography 
(FDG-PET) for diagnosis before radiation therapy. Despite 
the high accuracy of FDG-PET in the initial diagnosis and 
recurrence of esophageal cancer [22–26], the impact of soli-
tary recurrence diagnosed specifically using FDG-PET in 
radiation therapy has not been clarified.

We hypothesized that solitary recurrence, accurately 
diagnosed with FDG-PET before the radiation therapy, is 
an important factor for OS in esophageal cancer patients. 
This study aimed to analyze the outcomes of solitary recur-
rence of esophageal squamous cell carcinoma diagnosed 
using FDG-PET/computed tomography (CT) and treated 
with radiation therapy. To the best of our knowledge, no 
studies have evaluated the effect on survival after radiation 
therapy of solitary postoperative recurrence of esophageal 
cancer, specifically diagnosed with FDG-PET/CT, compared 
to multiple recurrences.

Methods

This study was approved by the Institutional Review Board 
(Approval No. K2206-001) and followed the Declaration of 
Helsinki. The need for informed consent was waived because 
of the retrospective nature of the study. Data were collected 
from medical records and radiation therapy plans.

Study population

We retrospectively analyzed patients treated with defini-
tive radiation therapy for localized postoperative recur-
rent esophageal cancer between May 2015 and April 
2021 at Okayama University Hospital. The initial surgery 
was basically radical subtotal esophagectomy with 2- or 
3-field lymph node dissection. The inclusion criteria were: 
(1) primary tumor pathology confirmed as esophageal 

squamous cell carcinoma; (2) postoperative recurrent sites 
excluding the mucosa; (3) no history of radiation therapy 
for recurrent tumors; (4) no disseminated and/or hema-
togenous metastases, such as in the liver or lungs; (5) no 
other active cancers; (6) FDG-PET/CT performed within 
3 months before initiation of radiation therapy; (7) all 
recurrent tumors scheduled for radiation of at least 50 Gy; 
and (8) at least one follow-up visit after radiation therapy 
completion. Patients who participated in esophageal can-
cer clinical trials were excluded.

Clinical stages were determined based on the 8th Edi-
tion of the Union for International Cancer Control TNM 
classification. Recurrence was diagnosed comprehensively 
by surgeons and radiation oncologists using physical find-
ings, tumor markers, endoscopy, CT, and FDG-PET/CT 
findings.

Treatment

Radiation therapy was performed using X-ray beams 5 days/
week. The prescribed dose was 50–66 Gy in fractions of 
1.8 or 2.0 Gy. The typical radiation dose was 60 Gy in frac-
tions of 2.0 Gy. When the reconstructed intestinal tract 
and/or small bowel was irradiated, a dose of 50–54 Gy in 
fractions of 1.8 or 2.0 Gy was selected. CT simulation was 
used. Gross tumor volume (GTV) was determined using CT 
and FDG-PET/CT. The clinical target volume (CTV) was 
defined as GTV plus a 0.5–1 cm margin. The planning target 
volume was defined as CTV plus a margin of 0.5 cm. An 
internal margin was also considered if the tumor moved with 
the respiration. Three-dimensional conformal radiation ther-
apy (3D-CRT) was used in most cases. Intensity-modulated 
radiation therapy (IMRT) was considered if the irradiated 
area included the neck. Surgeons and radiation oncologists 
determined whether prophylactic irradiation was required. 
Systemic chemotherapy was administered concurrently if 
possible. Surgeons used performance status, treatment his-
tory, and other factors to determine chemotherapy regimens.

Follow‑up

Follow-up was conducted approximately at 3-month inter-
vals for the first 2 years after radiation therapy and every 
6 months thereafter. Recurrence was evaluated using physi-
cal findings, tumor markers, endoscopy, CT, magnetic reso-
nance imaging, and FDG-PET/CT findings.

Late adverse events were defined as those that 
emerged ≥ 91 days after initiation of radiation therapy and 
were evaluated using the Common Terminology Criteria for 
Adverse Events, version 5.0. Only non-hematologic adverse 
events of grade > 2 were investigated.
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Prognostic factors

Several possible prognostic factors were evaluated, including 
sex, age, performance status, initial clinical stage, number 
of tumors, tumor diameter, location of recurrence, interval 
from final surgery to diagnosis of recurrence, radiation dose, 
prophylactic irradiation, and concurrent chemotherapy. Age 
and performance status were assessed at the beginning of the 
radiation therapy. Performance status was evaluated using 
the Eastern Cooperative Oncology Group (ECOG) scale. 
Based on the tumor number, patients were categorized into 
solitary or multiple tumor groups. Tumor diameter was 
defined as the long-axis diameter; if multiple tumors were 
present, the diameter of the largest tumor was considered 
as the tumor diameter. The minimum prescribed dose was 
selected if multiple tumors were treated with different doses.

Statistical analyses

Kaplan–Meier analyses were performed to determine OS, 
progression-free survival (PFS), and local control (LC) rates 
starting from initiation of radiation therapy until death from 
cancer or other causes, disease progression or death from 
cancer or other causes, and tumor progression within the 
irradiation field, respectively.

Cutoff values to categorize factors such as age, recurrent 
tumor diameter, interval from final surgery to diagnosis of 
recurrence, and radiation dose were determined according 
to the median values of the study population. Univariate 
analyses of various potential prognostic factors for OS, PFS, 
and LC were performed using log-rank tests.

If the number of tumors was revealed as a significant 
prognostic factor in univariate analysis, the solitary and 
multiple recurrence groups were compared using two-sided 
Fisher’s exact test for categorical variables. Furthermore, we 
estimated hazard ratios (HRs) and 95% confidence intervals 
(CIs) for OS using the Cox proportional hazard model to 
adjust for potential confounders in the multivariate analysis. 
Various factors were sequentially included in three models: 
we started by analyzing a crude model (model 1, including 
only the number of tumors), then we adjusted for sex and 
age (model 2). Subsequently, we adjusted the analysis for 
factors that were significantly different between the solitary 
and multiple recurrence groups and for significant risk fac-
tors in the log-rank test (model 3).

P values < 0.05 indicated statistically significant dif-
ferences. In the crude and multivariate analyses of OS, 
HRs > 1.00 indicated an increased risk of death.

Kaplan–Meier and Cox proportional hazard model-based 
analyses were performed using the IBM Statistical Pack-
age for the Social Sciences for Windows, version 26 (IBM, 
Armonk, NY, USA). Fisher’s exact test was performed using 
Stata 17 software (StataCorp LP, College Station, TX, USA).

Results

Patient and treatment characteristics

Patient and treatment characteristics are presented in 
Table 1. In total, 27 patients were included in the analy-
sis (24 males and 3 females; median age: 70 years, range 
49–86). A solitary lesion was diagnosed in 12 patients, 
whereas 15 presented ≥ 2. The median tumor diameter 
was 29 mm (range 12–49). The median follow-up time 
was 24 months (range 5–71). Regarding the initial clini-
cal stage, 4, 10, 4, and 9 patients were in stages I, II, III, 
and IV, respectively. Patients with stage IV disease had 
no distant metastases other than supraclavicular lymph 
nodes. Before the initial surgery, 22 patients underwent 
chemotherapy. Seven patients underwent surgery for the 
first postoperative recurrence. One patient underwent addi-
tional surgery for the second postoperative recurrence. 
Therefore, they underwent radiation therapy for the second 
and third recurrence after surgery. All patients completed 
the planned radiation therapy. Moreover, systemic chemo-
therapy was administered simultaneously in 25 patients; 
the remaining two were treated solely with radiation ther-
apy because of advanced age or renal failure. Concurrently 
used regimens included tegafur/gimeracil/oteracil potas-
sium in 18 patients; cetuximab in 2; cisplatin, docetaxel, 
and 5-fluorouracil in 2; cisplatin and 5-fluorouracil in 1; 
cisplatin in 1; and docetaxel in 1. The median radiation 
dose in 27 patients was 60 Gy (50–66 Gy). Furthermore, 
22 patients received a dose of ≥ 60 Gy. Two patients were 
treated with IMRT, and the other 25 with 3D-CRT. All 12 
patients with solitary recurrence were treated with con-
current chemoradiotherapy and received a radiation dose 
of 60 Gy, without prophylactic irradiation. The initial 
clinical stage and radiation dose were significantly differ-
ent between the solitary and multiple recurrence groups 
(P = 0.006 and P = 0.047, respectively).

Treatment outcome

The 1-, 2-, and 3-year OS rates were 85.2%, 62.6%, and 
47.3%, respectively (median OS: 33 months); PFS rates 
were 51.9%, 38.9%, and 38.9%, respectively (median PFS: 
15 months); and LC rates were 77.8%, 68.6%, and 68.6%, 
respectively (Fig. 1). In-field and out-of-field recurrences 
occurred in 8 and 14 patients, respectively. Seven patients 
had both in-field and out-of-field recurrences, and one 
patient had only in-field recurrence. In-field recurrences 
occurred between 2 and 19 months (median 5.5) after 
initiation of radiation therapy. Six patients underwent 
additional radical treatment for localized recurrences: 
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three underwent surgery and three underwent radiation 
therapy. Unfortunately, 15/27 patients died. No late non-
hematologic adverse events of grade > 2 were observed 
during the follow-up period.

In the univariate analysis of all variables considered, 
only solitary recurrence was a significant prognostic 
factor for OS and PFS (P = 0.003 and P = 0.015, respec-
tively; Fig. 2). The 1-, 2-, and 3-year OS rates of patients 
with solitary recurrence were 91.7%, 80.2%, and 80.2%, 
respectively, whereas those of patients with multiple 
recurrences were 80.0%, 50.3%, and 25.1%, respectively. 
In contrast, only the interval from final surgery to diag-
nosis of recurrence was a significant prognostic factor for 
LC (P = 0.036). Results of the univariate analysis for each 
variable considered are presented in Table 2.

In the multivariate analysis, the number of tumors, 
sex, age, initial clinical stage, radiation dose, and interval 
from final surgery to diagnosis of recurrence were entered 
into the Cox proportional hazards model for model 3. 
Solitary recurrence was statistically significant in model 
1 (HR 0.142; 95% CI 0.031–0.646), model 2 (HR 0.142; 
95% CI 0.031–0.658), and model 3 (HR 0.031; 95% CI 
0.004–0.274). Results of the multivariate analysis for OS 
are presented in Table 3.

Discussion

Radiation therapy or surgery are the main treatment 
options in postoperative recurrence of esophageal squa-
mous cell carcinoma, if the sites of recurrence are limited. 
Nakamura et al. reported that patients with postoperative 
recurrent lymph node metastasis who underwent lymphad-
enectomy and chemoradiotherapy showed significantly 
higher survival rates than patients who received only 
chemotherapy or best supportive care [16]. Multimodal 
treatments, including lymphadenectomy and chemoradio-
therapy, could improve survival in patients with esopha-
geal carcinoma lymph node recurrence after curative 
resection.

Several studies have examined the effectiveness of radi-
ation therapy for postoperative recurrent esophageal carci-
noma [4–20], and the 2-year OS rates of radiation therapy 
vary between 15 and 78% [5, 6, 8, 10, 11, 13, 17, 20]. 
Numerous prognostic factors for the outcome after radia-
tion therapy were reported, including age [6, 20], perfor-
mance status [9, 13, 17], tumor size [8–10, 12, 17], num-
ber of recurrences [4, 7, 10, 12], disease-free interval [4, 
9, 20], total dose [4, 17], concurrent chemotherapy [9, 12, 

Table 1   Patient and treatment 
characteristics

No. of patients

Sex
 Male/female 24/3

Age (years), (median 70; range 49–86)
 < 70/ ≥ 70 11/16

Performance status
 0/1 7/20

Initial clinical stage
 I/II/III/IV 4/10/4/9

Number of tumors
 1/2/3/4/ ≥ 5 12/6/2/3/4

Tumor diameter (mm), (median 29; range 12–49)
 < 29/ ≥ 29 13/14

Location of recurrence
 Mediastinum/abdomen/mediastinum and neck/mediastinum and abdomen/mediastinum 

and pulmonary hilum
16/4/5/1/1

 Interval from final surgery to diagnosis of recurrence (months), (median 7; range 1–31)
 < 7/ ≥ 7 12/15

Radiation dose (Gy)
 < 60/ ≥ 60 5/22

Prophylactic irradiation
 Yes/no 4/23

Concurrent chemotherapy
 Yes/no 25/2
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15]. We focused particularly on the number of recurrences, 
among all potential prognostic factors, because the defini-
tive treatment of oligometastatic cancers has received sig-
nificant attention recently. Palma et al. described a rand-
omized, phase 2, open-label trial for stereotactic ablative 
radiotherapy (SABR) for various types of oligometastatic 

cancers, including breast, colorectal, lung, and prostate 
cancer [21]. SABR was associated with improved OS.

Regarding esophageal cancer, solitary recurrence after 
curative treatment was investigated in several studies includ-
ing not only radiation therapy, but also other treatment 
options [4, 5, 7–10, 12, 14, 16–19]. Moreover, some studies 
showed that solitary recurrence was a favorable prognostic 
factor for OS [4, 7, 10, 12, 14, 16, 18, 19]. In our analyses, 
solitary recurrence was the only significant positive prognos-
tic factor for OS. Chu et al. analyzed radiation therapy for 
cervical lymph node recurrence in thoracic esophageal squa-
mous cell carcinoma after curative resection [4]. Univariate 
and multivariate analyses showed single lymph node recur-
rence as a favorable prognosis factor. Kawamoto et al. inves-
tigated the prognostic factors regarding chemoradiotherapy 
for postoperative lymph node recurrences of esophageal 
squamous cell carcinoma [7]. Univariate analysis showed 
that single recurrence was associated with significantly 
better prognosis. Ma et al. analyzed the effect of radiation 

Fig. 1   Kaplan–Meier curves for all patients. a Overall survival; b 
progression-free survival; c local control rate

Fig. 2   Kaplan–Meier curves for patients with solitary recurrence 
(solid line) or multiple recurrences (dashed line). a Overall survival; 
b progression‑free survival rate
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therapy on recurrent mediastinal lymph node metastases 
and reported that the number of locoregional recurrences 
of these metastases (= 1 vs. > 1) was a prognostic factor in 
multivariate analysis [12]. However, other studies showed 
that solitary recurrence was not a significant prognostic fac-
tor [5, 9, 17]; we hypothesized that it was not significant 
because FDG-PET was not performed consistently before 
radiation therapy. Furthermore, none of these studies on 
solitary recurrence described the frequency of FDG-PET 
use before radiation therapy. With other imaging modalities, 
the conclusive diagnosis of solitary recurrence may have 
been less accurate. In this study, we might have been able to 
evaluate true solitary recurrences because all patients were 
evaluated using FDG-PET/CT.

The usefulness of FDG-PET/CT in the initial diagnosis of 
esophageal cancer has been reported [22, 23]. Additionally, 
several studies have also suggested its efficacy for follow-up 
and monitoring after surgery [24–26]. Kudou et al. reported 
that FDG-PET/CT has a high capability to detect single 
small recurrent tumors even outside the chest and abdomen 
and proposed a follow-up method using FDG-PET/CT after 
esophageal cancer surgery [24]. Pande et al. evaluated the 
diagnostic performance of FDG-PET/CT in the suspected 
recurrence of esophageal carcinoma after surgical resection 
with curative intent [25]. The sensitivity, specificity, and 
positive and negative predictive values of FDG-PET/CT 
were 98.4%, 80%, 98%, and 80%, respectively, with an accu-
racy of 97%. Based on the evidence of distant metastases 
identified on FDG-PET/CT, a change in management—from 
radiation therapy/surgery to palliative chemotherapy/best 
supportive care—was adopted in 41% (28/68) of patients. 

Furthermore, Goense et al. reported that in particular, FDG-
PET and FDG-PET/CT show a minimal false-negative rate 
[26]. Pooled estimates of sensitivity and specificity for FDG-
PET and FDG-PET/CT in diagnosing recurrent esophageal 
cancer were 96% and 78%, respectively.

In our analyses, the 1-, 2-, and 3-year OS rates overall 
were 85.2%, 62.6%, and 47.3%, respectively. Kawamoto 
et al. retrospectively evaluated 21 patients with postoperative 
solitary lymph node recurrence of esophageal squamous cell 
carcinoma [8]. Solitary lymph node recurrence was defined 
as follows: (1) ultrasonography, CT, and physical findings 
showed single lymph node and (2) PET showed focal uptake 
at the same lymph node. The median follow-up period was 
32 months. The 2-year OS rate was 78%. The OS rates in 
our study and Kawamoto's study are high compared to those 
reported in previous studies [4–7, 9–20], possibly due to 
FDG-PET/CT aiding in appropriate patient selection and 
GTV description. However, possible false-positive cases 
must be carefully considered. Goense et al. emphasized that 
histopathological confirmation of a lesion suspected with 
FDG-PET or FDG-PET/CT is required owing to a consider-
able false-positive rate [26]. We also agree that a histopatho-
logical diagnosis should be performed if the imaging diagno-
sis is unclear. Nonetheless, FDG-PET is a crucial modality 
for judging the extent of the tumor; therefore, FDG-PET 
should be conducted before radiation therapy for postopera-
tive recurrent esophageal squamous cell carcinoma.

The 1-, 2-, and 3-year LC rates were 77.8%, 68.6%, 
and 68.6%, respectively, in our study. In-field recurrence 
occurred in eight patients with an unsatisfactory LC rate. 
When the LC rates improve, the OS rates may also improve. 

Table 3   Multivariate analysis of overall survival

HR hazard ratio, CI confidence interval
a Reference category
*Statistically significant. Model 1: based only on number of tumors; model 2: analysis adjusted for sex and age; model 3: analysis adjusted also 
for initial clinical stage, radiation dose, and interval from surgery to diagnosis of recurrence

Case/total number (%) Model 1 Model 2 Model 3

HR (95% CI) HR (95% CI) HR (95% CI)

Number of tumors
 Solitary (vs. multiplea) 12/27 (44.4) 0.142 (0.031–0.646)* 0.142 (0.031–0.658)* 0.031 (0.004–0.274)*

Sex
 Female (vs. malea) 3/27 (11.1) 1.164 (0.240–5.640) 1.056 (0.198–5.632)

Age (years)
 ≥ 70 (vs. < 70a) 16/27 (59.3) 1.003 (0.309–3.253) 1.408 (0.415–4.769)

Initial clinical stage
 I, II (vs. III, IVa) 14/27 (51.9) 3.406 (0.673–17.237)

Radiation dose (Gy)
 ≥ 60 (vs. < 60a) 22/27 (81.5) 8.677 (0.963–78.164)

Interval from final surgery to diagnosis of recurrence (months)
 < 7 (vs. ≥ 7a) 12/27 (44.4) 3.549 (0.917–13.743)
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Various techniques have been developed for radiation ther-
apy; Liu et al. reported a phase 2 study of stereotactic body 
radiation therapy for patients with oligometastatic esopha-
geal squamous cell carcinoma [5]. The median follow-up 
time was 18.2 months, and the 1- and 2-year OS rates were 
76.2% and 58.0%, respectively. Furthermore, the 1- and 
2-year LC rates were impressive, both 92.1%. In addition, 
Ishikawa et al. described a case report with successful pro-
ton-beam therapy [27]. Currently, the optimal technique 
for radiation therapy has yet to be established. Moreover, 
the efficacy of the combination of radio- and chemotherapy 
is yet to be clarified. In our study, the interval from final 
surgery to diagnosis of recurrence was the only significant 
prognostic factor for LC. When the interval is longer, the 
recurrent tumor is likely to be growing slowly. We hypoth-
esized that this aspect could explain why the interval was a 
significant prognostic factor. Although the disease-free inter-
val has been reported as a prognostic factor for OS [4, 9, 20], 
its impact on the LC has yet to be investigated.

This study has limitations. First, it was a retrospective 
study conducted at a single institution; therefore, the rela-
tively short median follow-up period of 24 months may have 
been insufficient to evaluate the impact of the factors con-
sidered on long-term survival and late adverse events. Sec-
ond, the sample size was limited, and no recurrent lesions 
were pathologically confirmed. Furthermore, not all patients 
received concurrent chemotherapy, and the regimens were 
inhomogeneous; the treatment strategy after radiation ther-
apy varied with patient situations. Currently, immunotherapy 
is considered as a promising strategy, including nivolumab 
[28]; in our study, this medication was administered to four 
patients after failed radiation therapy, possibly contributing 
to their survival.

In conclusion, solitary recurrence appears to have a more 
favorable prognosis than multiple recurrences, when diag-
nosed using FDG-PET/CT. Further prospective multicenter 
studies are required to validate our findings and determine 
the optimal treatment strategy for postoperative localized 
recurrence in esophageal cancer. Additionally, more inten-
sive radiation therapy and combination therapy might need 
to be considered in cases of solitary recurrence to improve 
prognosis. 
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