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Introduction
Esophageal cancer is the sixth most common cause of cancer deaths worldwide and is more 

common in the developing nations[1]. Esophageal cancers are histologically classified as Squamous 
Cell Carcinoma (SCC) or adenocarcinoma. SCC is the major histology in Eastern Europe and Asia, 
and 95% of esophageal cancer is pathologically diagnosed as SCC in China[2]. Radiochemotherapy 
and surgical resection are standard therapies for patients with locally advanced resectable SCC of 
the esophagus.

Numerous randomized trials have investigated the impact of radiotherapy dose modifications, 
combined-modality therapy, and preoperative/postoperative administration of adjuvant therapy 
in an effort to improve effectiveness without compromising safety, reducing the incidence 
of local recurrence, and prolonging survival [3-7]. For example, results from the multicenter 
phase III randomized trial (CROSS study), the largest trial in its class, showed that preoperative 
chemoradiotherapy (CRT) with carboplatin and paclitaxel significantly improved overall survival 
(OS) and disease-free survival (DFS) compared to surgery alone in patients with resectable (T2-
3, N0-1, M0) esophageal or esophagogastric junction (EGJ) cancers[8]. Similarly, the results of 
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two meta-analyses have shown that preoperative CRT combined 
with surgery significantly reduced 3-year mortality and locoregional 
recurrence when compared with surgery alone[9,10]. On the other 
hand, the efficacy of postoperative CRT compared to surgery alone 
has not been demonstrated in a randomized trial in patients with 
esophageal cancer. However, in retrospective analyses, the addition 
of postoperative CRT has been associated with survival benefit in 
patients with locally advanced esophageal cancer, such as those that 
are lymph node-positive and with deeper primary tumor invasion 
(pT3, pT4), compared with surgery alone[11-13]. Finally, two 
randomized trials comparing trimodality therapy with definitive CRT 
demonstrated no OS benefit with the addition of esophagectomy to 
CRT[14,15], especially in patients with locally advanced SCC of the 
esophagus who experience response to initial CRT[15]. Therefore, 
the optimal multimodality therapy for locally advanced SCC of the 
esophagus is still unclear.

This retrospective study was designed to determine the best 
approach to administer multimodality therapy to patients with locally 
advanced SCC of the esophagus. The primary aim was to determine 
if the addition of surgical resection to CRT decreases local recurrence 
and prolongs in survival compared with CRT alone. Furthermore, we 
sought to assess the factors that may affect survival and recurrence in 
patients with locally advanced SCC of the esophagus.

Materials and Methods
Patient population

Patients with locally advanced resectable (cT3, potentially 
resectable cT4 or N+) SCC of the esophagus who were treated 
with preoperative CRT or postoperative CRT plus esophagectomy 
(trimodality therapy group), or only radiation with chemotherapy 
(CRT alone group), between April 2011 and November 2015 were 
included. Patients were included if they were aged 18 to 75 years, with 
an ECOG/WHO performance score <2, and showed <10% weight loss. 
Patients were excluded if their esophageal cancer was located in the 
cervical esophagus, if this was their second malignancy, if they were 
identified as receiving irradiation to a site other than the esophagus, 
or if they received radiotherapy without concurrent chemotherapy. 
The patient population consisted partially of patients enrolled in 
the ZTOG1201 trial, a randomized controlled trial in which eligible 
patients were randomly assigned to receive preoperative CRT plus 
surgery or surgery plus postoperative CRT (NCT01463501)[16].

Chemoradiotherapy
Chemotherapy consisted of concurrent paclitaxel (50 mg/m2 of 

body-surface area) and carboplatin (intravenous carboplatin [AUC 2 
mg/ml per min]) targeted at an area under the curve of two, starting 
on days 1, 8, 15, 22, 29, and 36 during the first and sixth weeks of 
radiotherapy in the preoperative CRT group and the CRT alone 
group. Patients in the postoperative CRT group mostly underwent 
postoperative CRT at 4 –6 weeks after surgery. Chemotherapy in 
the postoperative CRT group consisted of two cycles of sequential 
paclitaxel (150 mg/m2  of body-surface area) and carboplatin 
(intravenous carboplatin [AUC 5 mg/mL per min]) targeted at an 
area under the curve of five, starting on week 3, and week 6 after 
radiotherapy.

All patients were treated with external-beam radiation using 
an intensity-modulated radiation therapy technique. Gross tumor 
volume was drawn on each relevant slice of the planning CT and 
was defined by the primary tumor and any enlarged regional lymph 

nodes. The planning target volume (PTV) provided a proximal and 
distal margin of 4 cm and a radial margin of 1.3 cm around the 
gross tumor volume. Individually shaped beams were used in each 
field by multileaf collimators to ensure optimal sparing of normal 
tissue. The daily prescription dose of 1.8 to 2.0 Gy was specified by 
the International Commission on Radiation Units and Measurement 
50/62 reference point, and the 95% isodose had to encompass the 
entire PTV. The maximum dose to the PTV was not to exceed the 
prescription dose by <7%. Tissue density inhomogeneity correction 
was used.

Patients were required to have complete information regarding 
the total radiation planning, as well as the chemotherapy regimen. 
We limited our analysis to patients who received radiation doses of 
41.4 to 50.4 Gy in the preoperative CRT group, 45 to 50.4 Gy in the 
postoperative CRT group, and 50 to 64.8 Gy in the definitive CRT 
group, as these represent the expected ranges for preoperative/
postoperative to definitive radiation doses. All patients received 
the same chemotherapy regimen with paclitaxel and carboplatin. 
The delivery of concurrent CRT was determined by only including 
patients who were identified as receiving their chemotherapy within a 
1-week window before or after the initiation of radiotherapy.

Surgery
Patients in the trimodality therapy group preferably underwent 

surgery at 4  -6 weeks after completion of preoperative CRT, or as 
soon as possible after randomization in postoperative subgroup. 
The final choice of surgical procedure including minimally invasive 
oesophagectomy (MIE) or open oesophagectomy (OE) with a 
intrathoracic gastric tube reconstruction (Ivor Lewis procedure) 
or neck anastomosis (Mckeown procedure) was at the surgeon’s 
discretion, depending on tumor localization, patient characteristics. 
Gastric-tube reconstruction with a cervical anastomosis was the 
preferred technique. A wide local excision of the N1 lymph nodes, 
including standard excision of the celiac nodes, was carried out.

Assessment of recurrence
Relapses were classified as locoregional or distant. Locoregional 

relapses were defined as recurrences at the site of the primary tumor 
or locoregional lymph nodes. Lymph node recurrences at the celiac 
trunk or in the supraclavicular region were also considered to be 
locoregional. Distant recurrences were defined as non-regional 
lymph node recurrences, systemic metastases, malignant pleural 
effusions, or peritoneal metastases. Most patients suspected of 
experiencing recurrence underwent a CT scan of the thorax and 
abdomen or an endoscopy. If necessary, cytology or histology was 
obtained. If a second recurrence was detected within 4 weeks after the 
first occurrence, it was considered to be synchronous. Localization 
and date of identification of all locoregional and distant recurrences 
were recorded.

Statistical analysis
Demographic details were compared between patients who 

received trimodality treatment or CRT alone using the χ2 test, the 
Fisher exact test, and the Mann-Whitney test, where appropriate. 
Multivariate Cox regression of OS and tumor recurrence was 
performed to calculate hazard ratios (HRs) and 95% confidence 
intervals (CIs) using these same covariates, excluding age, gender, 
WHO/ECOG score, tumor location, tumor length, T staging, N 
staging, radiation dose, and treatment approach. Kaplan-Meier 
analyses of OS were performed comparing patients who received 
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definitive radiation to a dose of 50 to 50.4 Gy with those who received 
>50.4 Gy. Survival analyses were also performed comparing those 
who received definitive CRT with those who received trimodality 
therapy after stratification by treatment sequence (preoperative CRT 
or postoperative CRT). Significant values were defined as those with 
a P-value of <0.05.

Results
Study population

The analysis included 184 patients: 109 (59.2%) underwent 
trimodality therapy, including 57 (31.0%) who underwent 
preoperative CRT followed by oesophagectomy and 52 (28.2%) who 
underwent oesophagectomy followed by postoperative CRT, and 
75 (40.8%) underwent CRT alone. The median age was 60 years old 
(range, 41 to 75 years). Patients undergoing trimodality therapy were 
more likely to be younger, male gender, have a longer tumor length, 
and a tumor location in the distal third of the esophagus. Additional 
details on patient characteristics are listed in Table 1.

Analysis of recurrence
After a median follow-up of 36 months (range, 6 to 53 months) 

and a median survival time of 31 months (95% CI: 20.2–41.8 

months), 33.9% (37/109) of the resected patients in the trimodality 
therapy group had recurrent disease versus 50.7% (38/75) in the 
CRT alone group. There was a significant difference between the two 
treatment groups in terms of tumor recurrence (P = 0.023). Only 
17.4% (19/109) of the resected patients in the trimodality arm had 
locoregional recurrent disease versus 30.7% (23/75) in the definitive 
CRT arm (P = 0.036). Moreover, fewer patients (16.5%, 18/109) in 
the trimodality arm had distant failure compared to those in the CRT 
alone arm (18.7%, 14/75), although this difference was not significant 
(P = 0.705).

Table 2 lists the univariate and multivariate Cox Regression 
Analyses for tumor recurrence. Prognostic factors predicting 
locoregional relapses in univariate analysis were younger age and CRT 
alone. In the multivariate analysis, the backward method showed that 
patients with younger age who received CRT alone had a significantly 
increased risk of developing a locoregional relapse.

Survival outcomes
A significant difference in the 3-year progression-free survival 

(PFS) was observed between the trimodality group and the CRT alone 
group (53.8%, 95% CI: 42.8 -64.8% vs. 33.5%, 95% CI: 20.6 -46.4%, 
respectively; P = 0.019). Figures 1A, 1B, and 1Cshow the differences 

Characteristic
Trimodality therapy (n = 109) CRT alone (n = 75) P value

No. % No. %

Age, years

Median 59 61 0.010

Range 42–74 41–75

Gender

Male 104 95.4 62 82.7 0.004

Female 5 4.6 13 17.3

WHO performance status score

0 5 4.6 6 8 0.672

1 104 95.4 69 92.0

Tumor location

Proximal third 4 3.7 20 26.7 0.037

Middle third 58 53.2 34 45.3 (Proximal and Middle vs. Distal)

Distal third 47 43.1 21 28.0

Tumor length (cm)

<5 36 33 47 62.7 <0.001

 ≥5 73 67.0 28 37.3

Clinical T category

T1 or T2 25 22.9 13 17.3 0.356

T3 or T4 84 77.1 62 82.7

Clinical N category

N0 20 18.3 8 10.7 0.154

N1 89 81.7 67 89.3

Radiation dose (Gy)

<50.4 30 27.5

50.4 79 72.5

50 –50.4 28 37.3

>50.4 47 62.7

Table 1: Patient Characteristics (n = 184).

CRT – Chemoradiation Therapy; WHO – World Health Organization
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between the trimodality therapy group and CRT alone group for 
PFS(53.8%, 95% CI: 42.8-60.8% vs. 33.5%, 95% CI: 20.6-46.4%; P = 
0.019),locoregional PFS(65.7%, 95% CI: 54.9-76.5% vs. 47.0%, 95% 
CI: 32.3-61.7%; P= 0.040), and distant PFS (73.5%, 95% CI: 63.3-
83.7% vs. 66.7%, 95% CI: 53.2-80.2%; P = 0.380), respectively.

Trimodality treatment was also associated with superior OS 
outcomes. In the trimodality treatment group, the 3-year OS rate was 
51.2% (95% CI: 36.1 -66.3%) and the median survival time was not 
reached; while in the CRT alone group, the 3-year OS rate was 39.8% 

(95% CI: 26.7 -52.9%) with a median survival time of 22.0 months 
(95%: CI 17.1 to 26.9 months; P = 0.011, (Figure 2)). Furthermore, 
treatment related mortality was 3.7% in the trimodality group 
compared with 1.3% in the definitive CRT group (P = 0.650).

A total of 37.3% (28/75) of patients received a radiation dose of 
50 to 50.4 Gy, and 62.7% (47/75) received >50.4 Gy radiation dose 
in CRT alone group. These who received 50 to 50.4 Gy had a median 
OS of 26.0 months (95% CI: not reached) and a 3-year OS of 45.3% 
(95% CI: 24.7-65.9%). However, the survival was not significantly 

Univariate analysis Multivariate analysis

HR 95% CI P value HR 95% CI P value

Age (≥60 vs. <60 years) 1.718 1.087–2.717 0.021 2.283 1.412–3.690 0.001

Gender (female vs. male) 1.099 0.528–2.289 0.800

WHO performance status score (0 vs. 1) 3.645 0.507–26.228 0.199 3.228 0.445–23.401 0.246
Tumor location (proximal vs. middle vs. 
distal) 1.077 0.770–1.507 0.663

Tumor length
(<5 cm vs. ≥5 cm) 0.814 0.499–1.331 0.413

T staging (T1 vs. T2 vs. T3 vs. T4) 1.377 0.943–2.010 0.098 1.240 0.837–1.836 0.284

N staging (N0 vs. N1) 0.853 0.513–1.418 0.540
Treatment approach (CRT alone vs. 
Trimodality) 0.657 0.496–0.869 0.003 0.563 0.418–0.759 <0.001

Table 2: Univariate and Multivariate Cox Regression Analyses for Tumor Recurrence (n = 184).

HR– Hazard ratio; CI – Confidence interval; WHO – World Health Organization; CRT – Chemoradiation Therapy

Trimodality therapy
(n = 109) P value     CRT alone   (n = 75) P value

Factor HR 95% CI HR 95% CI

Age (≥60 vs. <60 years) 1.534 0.705–3.344 0.281 2.083 1.089–3.984 0.027

Gender (female vs. male) 1.018 0.198–5.231 0.983 1.280 0.476–3.441 0.624
WHO performance status 
score (0 vs. 1) 0.362 0.085–1.542 0.17 1.653 0.207–13.212 0.653

Tumor location (proximal vs. 
middle vs. distal) 0.801 0.444–1.443 0.46 1.404 0.908–2.170 0.127

Tumor length 
(<5 cm vs. ≥ 5 cm) 1.354 0.503–3.641 0.548 0.888 0.423–1.865 0.754

T staging (T1 vs. T2 vs. T3 
vs. T4) 1.399 0.71–2.754 0.332 1.238 0.701–2.187 0.461

N staging (N0 vs. N1) 1.396 0.489–3.983 0.533 1.167 0.688–1.978 0.566
Radiation dose (<50.4 Gy vs. 
50.4 Gy in trimodality group) 0.681 0.284–1.635 0.39

Radiation dose (50–50.4 
Gy vs. >50.4 Gy in the CRT 
alone group)

0.761 0.353–1.643 0.487

Table 3: Multivariate Cox Regression Analyses for Overall Survival in the Trimodality Therapy and CRT alone Groups (n = 184).

CRT – Chemoradiation Therapy; HR– Hazard ratio; CI – Confidence interval; WHO – World Health Organization.

Figure 1: Kaplan-Meier survival curves for patients receiving trimodality therapy or CRT alone: A. There was significant difference between the groups in the 3-year 
progression-free survival (53.8%, 95% CI: 42.8–60.8% vs. 33.5%, 95% CI: 20.6–46.4%; P = 0.019); B. There was significant difference between the groups in the 
3-year locoregional progression-free survival (65.7%, 95% CI: 54.9–76.5% vs. 47.0%, 95% CI: 32.3–61.7%; P = 0.040); C. There was no significant difference 
between the groups in the 3-year distant progression-free survival (73.5%, 95% CI: 63.3–83.7% vs. 66.7%, 95% CI: 53.2–80.2%; P = 0.380).
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different (P= 0.927) to those receiving radiation doses >50.4 Gy, who 
had a median survival of 22.0 months (95% CI: 20.2-23.8 months) 
and a 3-year OS of 36.4% (95% CI: 19.4-53.1%). Figure 3 depicts the 
Kaplan-Meier survival curves for patients who received CRT alone 
by doses. In multivariate analysis, an increased radiation dose was 
not associated with OS: only younger age was associated with inferior 
survival (HR= 2.941; 95% CI: 1.441-5.988; P = 0.003). Further details 
of the multivariate analysis are shown in Table 3.

Discussion
The present study indicated that adding surgery to CRT for the 

treatment of clinical resectable, locally advanced SCC of the esophagus 
significantly decreased the local recurrence rates, prolonged PFS 
and OS, with similar treatment-related mortality for the treatment 
compared with CRT alone. In the trimodality treatment group, 
the 3-year OS was 51.2% (95% CI: 36.1-66.3%) similar to the result 
achieved for preoperative CRT in the CROSS trial (51%)[8], which 
were better than that achieved in the CRT alone group (39.8%, 95% 
CI: 26.7 -52.9%).

Surgery is a major component of treatment for resectable disease. 
Based on data from the National Cancer Database of America, 
trimodality therapy was associated with improved OS (P < 0.001), 
with a median OS of 35.6 months and 3-year OS of 49.6%, compared 

Figure 2: Kaplan-Meier survival curves for patients receiving trimodality 
therapy or CRT alone. There was significant difference between the groups 
in the 3-year overall survival (51.2%, 95% CI: 36.1–66.3% vs. 39.8%, 95% 
CI: 26.7 –52.9%; P = 0.011).

Figure 3: Kaplan-Meier survival curves for patients receiving a 50.4 Gy 
radiation dose or >50.4 Gy radiation dose in CRT alone group. There was 
no significant difference in the 3-year overall survival (45.3%, 95% CI: 24.7–
65.9% vs. 36.4%, 95% CI: 19.4–53.1%; P = 0.927).

to patients receiving CRT (median and 3-year OS were 16.8 months 
and 26.8%, respectively)[17]. The effect of adding surgery to CRT 
in patients with locally advanced SCC of esophagus has also been 
evaluated in two randomized trials[14,15]. Stahl et al. randomized 
172 patients to either induction chemotherapy followed by CRT and 
surgery or induction chemotherapy followed by CRT[14]. The 2-year 
PFS rate was better in the surgery group (64.3%) than in the CRT 
group (40.7%), without significantly affecting 3-year OS (31% vs. 24%, 
respectively). However, this study was prematurely terminated due to 
lack of accrual. On the other hand, Bedenne et al. (FFCD 9102 trial) 
showed that adding surgery to CRT provided no benefit compared 
with treatment with additional CRT, especially in patients with locally 
advanced SCC of the esophagus who responded to initial CRT[15].
However, this trial suffered from suboptimal study design, indeed, the 
results of non-randomized patients in the FFCD 9102 phase III trial 
indicated that OS did not differ between responders to induction CRT 
and patients having salvage surgery after clinical failure of CRT[18]. 
Moreover, in a recent prospective study that compared the outcomes 
of surveillance versus surgical resection in patients with esophageal 
cancer achieving complete clinical response after preoperative CRT, 
surgical resection was independently associated with less recurrence 
(32.7% vs. 50.8%; P= 0.021) and better median survival (83 months 
vs. 31 months; P = 0.001)[19]. Similarly, Patients who completed 
TMT ( chemoradiotherapy [CRT] and surgery)had the best local 
control in a Single-Institution Experience conducted by [20]Sio TT 
et al. 5-year local control was 82% for TMT, while 60% for CRT and 
40% for PTMT patients who began treatment with trimodality intent 
but did not undergo surgery groups (P<0.001).

Regarding if the role of adding surgery could be replaced by 
escalated radiation dose in the CRT alone group. The current 
National Comprehensive Cancer Network (NCCN) recommended 
ranges for preoperative, postoperative and definitive radiation are 
41.4 to 50.4 Gy, 45 to 50.4 Gy, and 50 to 50.4 Gy, respectively [21]. 
Despite the lack of significant evidence supporting radiation dose 
escalation, we found that radiation doses exceeding 50.4 Gy were 
used in 58.7% of patients in the CRT alone group in this retrospective 
study due to the historical situation in China. However, we found no 
survival benefit to a dose escalation of >50.4 Gy compared with those 
receiving a 50 to 50.4 Gy radiation dose. A previous study on the use 
of definitive CRT (the RTOG 8501 trial) showed that the 5-year OS 
was 26% in patients receiving chemotherapy with radiotherapy (to a 
total dose of 50 Gy) and 0% when radiotherapy (to total dose of 64 
Gy) was used alone[3]. Owing to the low OS and high local failure 
rate with definitive CRT, the Intergroup 0123 trial subsequently 
randomized patients to receiving the same chemotherapy with either 
50.4 Gy or 64.8 Gy of radiation[4]. However, the trial was stopped 
early after an interim analysis showed the 2-year median survival (13 
vs. 18.1 months) and locoregional failure rates (56% vs. 52%) were 
not significantly different between the high-dose and standard-dose 
arms. Similarly, our multivariate analysis indicated no differences in 
OS and recurrence based on the radiation dose delivered in both the 
trimodality and CRT alone groups. As no subsequent studies have 
revealed a significant benefit to dose escalation exceeding 50.4 Gy in 
CRT alone group, our study indicated that the role of surgery could 
not be replaced by CRT alone, even with increased radiation dose for 
locally advanced SCC of the esophagus.

The current study does have some limitations. For example, as this 
was a retrospective study and only esophageal SCC patients in China 
were recruited, we may have introduced selection bias and we lack a 



Yaping Xu, et al., Annals of Clinical Case Reports - Radiation Oncology

Remedy Publications LLC., | http://anncaserep.com/ 2018 | Volume 3 | Article 14906

proper intent-to-treat analysis. Furthermore, while the incidence of 
esophageal adenocarcinoma is dramatically increasing in Western 
countries, the results of our study should not be generalized to apply 
to North American and European patients until a randomized study 
including esophageal adenocarcinoma patients confirms our results. 
Moreover, based on our study, its unclear what is the potential value of 
additional locoregional therapy with surgery in patients with clinical 
complete response to CRT.We also had no idea about the timing and 
necessity of oesophagectomy in (all) patients. In the future, molecular 
biology techniques probably may enable to improve prognostic 
stratification, thereby allowing us to determine the types of patients 
who benefit from surgical therapy and show improved OS[22-25]. 
In addition, we did not analyze whether patients received salvage 
therapies, such as salvage esophagectomy, in the CRT alone group, 
which may have affected survival outcomes. Further investigation of 
the innovative multidisciplinary management (i.e., preoperative CRT 
followed by salvage esophagectomy) for patients with locally advanced 
esophageal cancer is warranted. Indeed, this approach is currently 
being explored in Netherlands by investigators of the preSANO trial, 
clinical response evaluation after neoadjuvantchemoradiotherapy in 
esophageal cancer (NTR4834)[26].

In conclusion, adding surgery to CRT appears to have superior 
local control, PFS and OS, with similar treatment-related mortality 
for the treatment of patients with SCC of esophagus. The role of 
surgery could not be replaced by CRT alone, even with increased 
radiation dose.
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