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INTRODUCTION

Esophageal carcinoma (EC) is a common tumor with 
approximately 604,000 newly diagnosed cases and 544,000 

deaths in 2020.1 The prognosis of  EC is poor, with 
an estimated 5-year survival rate of  20%.1,2 In eligible 
EC patients, radical surgery stands as a cornerstone 
intervention.1 Neoadjuvant chemoradiotherapy + 
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radiotherapy (NACT+RT) or neoadjuvant chemotherapy 
(NACT) has been shown to improve survival for locally 
advanced EC.3,4 NACT aims to improve operability 
by shrinking the tumor, downstaging the disease and 
treating occult metastatic disease.5 A multicentre study 
conducted by the Medical Research Council (OEO2), 
showed a 9% improvement in 2-year survival in patients 
given two cycles of  NACT compared to those who were 
not. Five-year survival with surgery alone was 17%, 
compared with 23% with NACT.6 Moreover, NACT+RT 
has also shown significant survival benefits followed by 
esophagectomy.7,8

Gradually, neoadjuvant therapy combined with 
esophagectomy has become the standard of  care for 
locally advanced EC.9,10 However, it is not clear whether 
adding radiotherapy to NACT is superior to NACT 
in treating locally advanced EC patients. Very few 
randomized controlled trials have directly compared 
NACT with NACT+RT in EC.11-14 Studies in esophageal 
adenocarcinoma have shown slightly favorable survival 
benefits toward NACT+RT but without statistical 
significance.12,13 Similar results were also reported in one 
trial studying esophageal squamous cell carcinoma (SCC) 
patients14 and another trial with mixed EC tumor types.11 
Comparative evaluation of  NACT+RT versus NACT is 
ambiguous, with none of  the studies reaching statistical 
significance in survival outcomes. Hence, the choice of  
optimal neoadjuvant treatment remains unclear. 

Aims and objectives
This prospective cross-sectional study was conducted 
to evaluate the surgical outcomes of  NACT+RT versus 
NACT in locally advanced carcinoma of  esophagus in 
terms of  tumor down-staging, postoperative complications, 
and overall survival.

MATERIALS AND METHODS

Study design
This was a prospective, observational study conducted 
at the Surgical Oncology Department, Gujarat Cancer 
and Research Institute, B.J. Medical College, Ahmedabad, 
Gujarat, India. The study was conducted after approval 
from the Institutional Ethics Committee. All patients 
provided written informed consent. Patients with untreated 
biopsy-proven borderline operable, non-metastatic SCC, 
and adenocarcinoma of  the mid and lower esophagus 
(T3–T4a) were enrolled.

Inclusion criteria
The study inclusion criteria were male and female patients 
aged 20–60  years having a borderline operable disease, 

multiple nodal diseases (subcarinal, paratracheal, and 
celiac), a disease segment of  <7  cm on endoscopy, an 
eastern cooperative oncology arm (ECOG) performance 
status of  ≤2, white blood cell count >4000/mm3, platelet 
count >1,00,000/mm3 with normal serum creatinine and 
adequate nutritional, cardiac, and pulmonary status.

Exclusion criteria
The exclusion criteria were a metastatic disease, previously 
treated patients with recurrence or second primary patients 
with inadequate nutritional, cardiac, and pulmonary status, 
patients with immunosuppression and collagen vascular 
diseases, pregnancy, history of  RT for any reason and 
patients who are not fit for chemotherapy. Patients were 
categorized into two arms: Arm A was referred for NACT 
whereas arm B was referred for NACT+RT. Later patients 
in both arms underwent esophagectomy.

Pre-treatment examination
All patients underwent thorough clinical examination 
by a joint committee of  surgical, medical, and radiation 
oncologists. All the patients had routine blood investigations, 
chest X-ray, upper gastrointestinal endoscopy with biopsy, 
computed tomography (CT) scan of  the thorax and upper 
abdomen, sonography of  the abdomen and pelvis, and 
bronchoscopy. A positron emission tomography scan was 
done in indicated patients. Staging was classified according 
to the 6th Union for International Cancer Control (UICC)-
tumor (T), nodes (N), and metastases (M) UICC-TNM 
classification.

NACT
Paclitaxel plus carboplatin was used in the NACT arm. 
The regimen consisted of  paclitaxel (175  mg/m2) plus 
carboplatin (5 AUC) repeated every 21  days. Standard 
pre-medication was used. Response evaluation was carried 
out clinically after every cycle, that is, after 21 days. Repeat 
computed tomography (CT) scan was done after 2–3 cycles.

NACT+RT
For pre-operative radiotherapy, a CT-guided three-
dimensional marking of  the esophageal field (lesion+5 cm 
craniocaudal+8 cm radial) was done in all cases. A total dose 
of  45 Gy was delivered in 25 fractions (five fractions per 
week) over 5 weeks, starting on the 1st day of  chemotherapy. 
Carboplatin 5 AUC was given weekly for 5 or 6 weeks 
along with RT. Standard pre-medication was used. A repeat 
CT scan was done for response evaluation after 3 weeks 
of  completion of  NACT+RT. Response to NACT and 
NACT+RT on CT scan was considered when there was 
regression of  nodal disease and reduction in the volume 
of  the disease (25% or more). Response assessment 
was done based on the World Health Organization and 
Response Evaluation Criteria in Solid Tumors criteria. 
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Endoscopy was repeatedly done in all the patients to 
evaluate the regression of  disease and involvement of  the 
esophageal wall. Treatment response was assessed clinically, 
radiologically, and endoscopically. Inoperability was defined 
as the involvement of  the trachea, left main bronchus, and 
inferior pulmonary vein.

Surgery and pathological analysis
Standard esophagectomy was the surgery performed. 
The surgery approach varied according to the surgeon 
or unit preference. The surgery consisted of  total 
thoraco-laparoscopic esophagectomy, open three-stage 
esophagectomy, thoracoscopic esophageal mobilization with 
laparotomy and cervical stage, transhiatal esophagectomy, 
and Ivor Lewis procedure depending on the tumor 
localization and patient characteristics. In all the cases, 
stomach pull-up was done with anastomosis in the neck 
except in cases where the Ivor Lewis approach was done 
wherein the anastomosis was intra-thoracic. Anastomoses 
were either hand-sewn or stapled.

Both arms were studied to determine the response to 
NACT and NACT+RT, R0 resections, post-operative 
complications, and recurrence. All patients were staged 
according to the 7th  edition of  the American Joint 
Committee on Cancer staging manual15 and adjuvant 
treatment was planned as per the National Comprehensive 
Cancer Network guidelines.16

Follow-up
After surgery, all the patients were followed every month 
for 3 months and every 3 months thereafter. Whenever a 
relapse was suspected, radiologic, endoscopic, or histologic 
confirmation was required for diagnosis of  the recurrence. 
Those with metastasis received palliative CT or pure 
palliative care as per their ECOG performance status.

Statistical analysis
The results are presented as frequency and percentages. 
The surgery details are presented as average values. All 
calculations were performed with the Statistical Package 
for the Social Sciences software version 21.0.

RESULTS

A total of  40 patients were enrolled in the study. Before 
surgery, arm A patients (n=20) received NACT whereas 
arm B patients (n=20) received NACT+RT. Patients and 
tumor characteristics are presented in Table 1. The mean 
age was comparable in both arms. The majority of  the 
patients were males in both arms. The majority of  the 
patients had disease in the lower region of  the esophagus 
in both arms. In the NACT+RT arm, most (95%) of  the 

Table 1: Patients and tumor characteristics
Characteristics Arm A (NACT) 

n=20
Arm B (NACT+RT) 

n=20
Age in years, mean 51.6 46.05
Gender, n (%)

Male 17 (85) 12 (60)
Female 3 (15) 8 (40)

Site of disease, n (%)
Mid 2 (10) 1 (5)
Low 13 (65) 17 (85)
Gastroesophageal 
junction

5 (25) 2 (10)

Histology, n (%)
Squamous cell 
carcinoma

10 (50) 19 (95)

Adenocarcinoma 10 (50) 1 (5)
Differentiation, n (%)

Well‑differentiated 2 (10) 1 (5)
Moderately 
differentiated

13 (65) 17 (85)

Poorly differentiated 5 (25) 2 (10)
NACT: Neoadjuvant chemoradiotherapy or neoadjuvant chemotherapy, 
RT: Radiotherapy

patients had SCC whereas in the NACT arm, there was 
equal distribution of  SCC and adenocarcinoma.

Response to neoadjuvant therapy
In the NACT arm, 50% of  the patients had a partial response 
and 20% had disease progression. In the NACT+RT arm, 
only 10% of  patients had disease progression whereas 25% 
of  patients had a complete pathological response (pCR). 
The graphical representation of  data is given in Figure 1.

Surgery analysis
Transhiatal esophagectomy was done in 60% of  patients 
in the NACT arm, whereas in the NACT+RT arm, 80% 
of  patients had three-stage esophagectomy (Figure  2). 
It signifies that the majority of  the patient who received 
NACT+RT had their disease in the middle third of  the 
esophagus. Table 2 depicts surgery and histological details. 
The average surgery duration was numerically greater for 
the NACT+RT arm; blood loss was also greater in this 
arm.

Post-operative morbidity and mortality
Five (25%) patients in the NACT arm developed recurrence 
(local and systemic) compared to only three patients 
(15%) in the NACT+RT arm. Two (10%) patients died 
in the post-operative period in the NACT+RT arm. No 
significant difference was noticed in the intensive care unit 
and hospital stay among the arms. Pulmonary complications 
and anastomotic leak rate were higher in patients who 
received NACT+RT, whereas other complications such 
as hoarseness of  voice and wound dehiscence were higher 
in the NACT arm. Table  3 summarizes post-operative 
characteristics.
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Figure  2: Surgery details–distribution of esophagectomy types in 
treatment arms. This figure illustrates the distribution of esophagectomy 
types among patients in the neoadjuvant chemotherapy (NACT) and 
neoadjuvant chemotherapy+radiotherapy (NACT+RT) arms. In the 
NACT arm, 60% of patients underwent transhiatal esophagectomy, 
whereas in the NACT+RT arm, a higher proportion (80%) of patients 
opted for three-stage esophagectomy

Figure  1: Response after neoadjuvant therapy. pCR: Pathological 
complete response, pPR: Pathological part ial  response,  
pSD: Pathological stable disease, pPD: pathological progressive 
disease 

Table 2: Surgery and histological details
Characteristics Arm A 

(NACT)
n=20

Arm B 
(NACT+RT)

n=20
Average surgery duration (min) 299.5 308
Average blood loss (mL) 339.5 415
Average node retrieval 12.2 10.65
Nodal positivity 11 4
Incomplete resection Nil Nil
Adverse prognostic factors, n (%)

Extracapsular extension 6 (30) 2 (10)
Perineural involvement 2 (10) 1 (5)
Lymphovascular invasion 9 (45) 0

NACT: Neoadjuvant chemoradiotherapy or neoadjuvant chemotherapy,  
RT: Radiotherapy

Table 3: Post‑operative characteristics
Characteristics Arm A 

(NACT)
n=20

Arm B 
(NACT+RT)

n=20
Average intensive care  
unit stay (days)

3.8 4.5

Average hospital stay (days) 14.5 15.3
Metastasis, n (%) 5 (25) 3 (15)
Mortality, n (%) 1 (5) 2 (10)
Pathological complete  
response, n (%)

1 (5) 5 (25)

Pulmonary complications, n (%) 3 (15) 5 (25)
Anastomotic leak, n (%) 1 (5) 3 (15)
Other (hoarseness of voice and 
wound dehiscence), n (%)

5 (25) 2 (10)

NACT: Neoadjuvant chemoradiotherapy or neoadjuvant chemotherapy,  
RT: Radiotherapy

DISCUSSION

The prognosis of  surgically treated EC has progressively 
improved with time, not only due to precise pre-operative 
staging, post-operative management, and surgical 
techniques but also due to the incremental inclusion of  
patients with EC in neoadjuvant treatment protocols.17-19 
The present study was a prospective cross-sectional 
comparative study to determine the surgical outcomes 
of  NACT+RT versus NACT in patients of  locally 
advanced EC.

pCR is associated with favorable prognosis in patients with 
EC who receive neoadjuvant treatment, and NACT+RT 
improves the rate of  pCR compared with that of  NACT.20,21 
Our study showed that the pCR rate was 25% in the 
NACT+RT arm versus 5% in the NACT arm. A total of  
50% of  patients in both arms had partial response (>30% 
reduction) after neoadjuvant treatment, whereas 20% 

of  the patients had progression of  disease after NACT 
compared to only 10% after NACT+RT.

Neoadjuvant CT may adversely affect the immune 
system, and influence wound healing as well as cause 
morbidity following an infeciton.22 The concurrent 
chemoradiotherapy may lead to higher intra-postoperative 
incidences because of  radiotherapy-induced edema, 
inflammation, and fibrosis.23 Gronnier et al. reported that 
post-operative anastomotic leakage rates in NACT+RT 
versus surgery alone were 8.8% versus 10.6% (P=0.220), 
and 90-day post-operative morbidity rates were 33.4% 
versus 32.1% (P=0.564).24 A randomized clinical trial 
also revealed no significant difference in the incidence of  
complications between patients in NACT and NACT+RT 
arms. However, the nature of  the complications was 
severe in the NACT+RT arm.25 In our study, pulmonary 
complication (25% vs. 15 %) and anastomotic leak (15% 
vs. 5%) were higher in the NACT+RT arm, whereas other 
complications such as hoarseness of  voice and wound 
dehiscence were higher in NACT arm.

An interesting finding of  the study was a reduced number 
of  average nodal retrieval (12.3  vs. 10.65) and nodal 
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positivity (11 vs. 4) in the harvested nodes with NACT+RT 
when compared to NACT. In addition, the duration of  
surgery was longer in NACT-RT arm as compared to 
NACT arm, which may be due to the impact of  radiation 
resulting in tissue edema and fibrosis. However, NACT+RT 
arm had a low metastasis rate (15%) compared to NACT 
arm (25%). The mortality rate was similar in both arms. 
Median follow-up was 18  months in NACT+RT arm 
compared to 16 months in NACT arm. Both local and 
systemic recurrence rates were lower in NACT+RT arm. 
Hence, it can be inferred that although surgery becomes 
easier after NACT, and immediate complications are less 
because of  long-term scenarios NACT+RT is a better 
option. However, elaborate studies are necessary from 
the surgical medical and radiation oncologist community 
before this approach can legitimately be incorporated into 
standard care.

Limitation of the study
While yielding promising results of  our study, several 
limitations have come to light, warranting an open 
acknowledgment of  the challenges that have shaped 
our findings. Although a prospective study, the sample 
size was of  modest proportions, potentially constraining 
the generalizability of  our findings. The heterogeneity 
observed in the surgical interventions among our patient 
cohort introduces an element of  imbalance, which has the 
potential to compromise the robustness of  our explanatory 
capacity. Furthermore, the relatively short follow-up 
duration within the NACT arm itself  introduces a caveat, 
as the precision of  our outcome measurements could be 
influenced by this temporal constraint.

CONCLUSION

NACT and chemoradiotherapy, which are well-tolerated, 
induce a high response rate that may facilitate definitive 
surgery in borderline EC patients. NACT had better partial 
and complete response rates and low recurrence rates 
when compared to NACT. However, the post-operative 
complications were higher in the NACT, especially 
pulmonary complications and anastomotic leak. Large-scale 
multicenter randomized, controlled trials are necessary 
to evaluate the efficacy of  NACT + RT versus NACT in 
locally advanced EC.
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