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Abstract

Neoadjuvant chemoradiation followed by surgery has been the standard of care for locally advanced carcinoma esophagus.
We present our experience and inference of various factors associated with the same treatment and the prognostic influ-
ence of the same. A retrospective analysis of a cohort of 132 squamous cell carcinoma esophagus patients post neoadjuvant
chemoradiation operated with curative intent was carried out. The 2-year overall survival rate was 64.5%. A pathological
complete response was achieved in 32.5% of patients and was the only factor that significantly determined overall survival (p
= 0.048). Neoadjuvant chemoradiation before surgery for locally advanced squamous cell cancer of the esophagus remains
the standard of care with a pathological complete response being a significant factor in predicting overall survival. More
prospective randomized studies are necessary to analyze factors affecting and predicting a pathological complete response
which would help organ preservation in patients with a complete response.
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Introduction

Worldwide esophageal cancer ranks seventh in terms of
incidence and sixth in mortality [1]. India has an age-
standardized incidence rate of 6.5 per 100,000 population
for males and 4.2 per 100,000 population for females. This
translates into approximately 47,000 new cases each year
and 42,000 deaths [2].
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Squamous cell carcinoma (SCC) accounts for approximately
80% of esophageal cancer in India [3, 4]. Adenocarcinoma is
the major histological subtype in the western world [5].

Treatment options for esophageal cancer vary based on
the stage and also the location of the tumor [6].

Multimodality treatment in the form of neoadjuvant chem-
oradiotherapy (NACTRT) followed by surgery has become
the standard of care for advanced non cervical esophageal
cancer [7-9].

Multiple studies have shown that patients who achieve a
pathological complete response (PCR) have better disease-
free and even overall survival with a greater benefit for
SCC than for adenocarcinoma [7, 10-12].

There are a lot of international publications on esopha-
geal cancer but there is a dearth of the same in an Indian
setting. Our aim was to present our real-world experience
from a tertiary cancer center of patients undergoing surgery
post NACTRT for SCC of the esophagus. The objective was
to study the survival of the above-mentioned patients and
assess the factors which affect it in detail. In addition, we
have studies for factors associated with PCR for SCC.
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Material and Methods

This study is a retrospective study. After approval from
the scientific review committee, patient data and follow-up
were collected from the hospital database and telephonic
communication.

Patient Population and Data Collection

From June 2016 to October 2020, 132 patients with his-
tologically proven SCC of the esophagus, who received
NACTRT and underwent surgery, were enrolled in this
study. All patients were diagnosed by esophagoscopic
biopsy and subject to a chest and upper abdominal com-
puted tomography (CT) scan pre and post NACTRT.
Bronchoscopy and fluorodeoxyglucose—positron emission
tomography/computed tomography (FDG-PET/CT) scan
were done on an individual basis.

Inclusion criteria were patients with SCC of the esoph-
agus who underwent NACTRT followed by surgery.
Patients were included if they were under the age of 75 and
had a performance status of Eastern Cooperative Oncology
Group (ECOG) O or 1.

Patients who were inoperable, had a follow-up less than
6 months, or who had a dual malignancy were excluded.

Treatment
Neoadjuvant Chemoradiotherapy

Our institute protocol was to administer NACTRT as per
the CROSS protocol with a different radiation dose (7).
Forty-five gray given in 25 fractions was the dosage of
radiotherapy administered over 5 weeks. Concurrent dual-
agent (platinum and taxane combination) chemotherapy
was given weekly and was administered intravenously.
Patients unable to withstand dual-agent chemotherapy
were given only single-agent platinum chemotherapy.

Surgery

Surgery was performed 4 to 8 weeks after completion of NAC-
TRT. Surgical procedures were performed either by an open
or a video-assisted thoracoscopic surgical (VATS) approach.
Based on the location and surgeon preference, a McKeown, Ivor
Lewis, or transhiatal esophagectomy (THE) was done. A 2-field
or extended 2-field lymphadenectomy was done in transthoracic
approach and only single field (abdominal) was done in THE.
Reconstruction was done in all cases with a gastric tube.
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Pathological Analysis

Pathological examination included histology type, tumor
extension, lymph node, and resection margin, perineu-
ral invasion, and lymphovascular invasion. The treatment
response was assessed using the Modified Ryan Scoring
system [13].

Follow-Up and Survival

Patients were followed up every 2 to 3 months for the first
two of years and then at 6 monthly intervals. They under-
went a history and physical examination on each follow-up.
A contrast-enhanced CT scan of the thorax and upper abdo-
men was done at 6 months post-treatment and then yearly for
the first 3 years. Endoscopy was done as clinically indicated.

Statistical Analysis

Statistical analysis was performed with the use of IBM SPSS
software, version 25.0 (SPSS). Average and frequency distri-
bution were analyzed by descriptive statistics. The Kaplan-
Meier method was used to analyze survival. OS was calcu-
lated from the date of histological diagnosis to the date of
death and censored at last follow-up. RFS was calculated
from the date of surgery to the date of relapse and censored
at death or last follow-up. Comparisons of factors affecting
survival were performed with the log-rank test and using
Cox regression. Comparisons of factors affecting PCR was
calculated using binary logistic regression. A p value less
than 0.05 was considered statistically significant (Fig. 1).

Results

Median age of the patients was 52 (range 28 to 71), and
61.36% (81) of the patients were male. More than half
(55.3%) of tumors were located in the lower third of the
esophagus including the gastroesophageal junction.

Dual-agent chemotherapy was given to 67.4% (89) of the
patients. The majority, i.e., 56.8% of the patients, under-
went VATS-guided surgery, 38.6% of the patients under-
went open surgery, and 4.5% patients underwent THE. Of
all these patients, a majority 88.6% underwent a McK-
eown esophagectomy. 81.1% of the patients underwent an
extended 2 field lymphadenectomy.

A 30-day post-surgical mortality occurred in 7.5% (10)
patients. Four patients expired due to ARDS, three had a car-
diac event, two patients with thoracic anastomoses expired
due to an anastomotic leak and one patient expired due to a
tracheal fistula.
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161 PATIENTS UNDERWENT NACTRT f/b SURGERY
(POTENTIALLY ELIGIBLE)
JUNE 2016 - OCTOBER 2020

11 PATIENTS EXCLUDED
> 9 WITH ADENOCARCINOMA
-> 2 WITH DUAL PRIMARY

150 PATIENTS WITH SQUAMOUS CELL HISTOLOGY

11 PATIENTS EXCLUDED AS
THEY WERE INOPERABLE

139 PATIENTS UNDERWENT COMPLETE SURGERY

7 PATIENTS EXCLUDED AS
FOLLOW UP WAS LESS THAN
6 MONTHS

132 PATIENTS INCLUDED IN THE FINAL ANALYSIS

Fig. 1 Patient flow chart

Table 1 Factors affecting OS and RFS as per log rank analysis

The median lymph node yield was 17 (interquartile range
(IQR) — 11 to 23). Positive lymph nodes were identified in
34% (45) patients. An RO resection was achieved in 98% of
patients. PCR was observed in 32.5% (43) patients.

The median follow-up time of alive patients was 18
months (IQR — 12 to 25). The 2-year OS was 64.5% and
the 2-year RFS was 75.6%. Of the various factors analyzed
affecting overall survival, PCR was the only significant fac-
tor (p 0.048) (Table 1 and Table 2; Fig. 2).

As PCR was the only factor affecting survival on log rank
test and had a trend towards affecting survival on cox regres-
sion, we conducted an analysis of various factors affecting
PCR (Table 3). However, no significant factor could be
identified.

Discussion

NACTRT followed by surgery is an acceptable practice
for treatment of locally advanced cancer of the esophagus.
The chemotherapy we administer is as per the CROSS
protocol in most cases. However, the radiotherapy admin-
istered is 45 Gy [16].

Characteristic Variable Frequency 2-year RFS (%) p value 2-year OS (%) p value

Age <50 37.87% (50) 69.2 0.24 57.6 0.496
> 50 62.12% (82) 79.6 71.1

Sex Male 61.36% (81) 71.1 0.66 58.7 0.08
Female 38.63% (51) 82.8 74.2

Location Middle 44.69% (59) 79.9 0.25 68.1 0.56
Lower 55.30% (73) 70.8 61.2

Neoadjuvant chemotherapy Single 32.57% (43) 69.9 0.16 70.2 0.69
Dual 67.42% (89) 71.6 61.5

Histological differentiation WD 5.30% (7) 80 0.34 85.7 0.22
MD 73.48% (97) 78.1 64.4
PD 16.66% (22) 67.4 70.8
NOS 6 100 25

Type of surgery Open 38.63% (51) 78.1 0.28 63 0.64
VATS 56.81% (75) 74.4 67
THE 4.54% (6) 100 62.4

Pathological complete response Yes 32.57% (43) 82.4 0.12 79.7 0.048
No 67.42% (89) 71.9 56.9

Lymph node positivity Yes 34.09% (45) 70.5 0.8 64.2 0.49
No 65.91% (87) 77.9 65

Type of lymphadenectomy E2F 81.06% (107) 70.3 0.21 65 0.60
2F 14.39% (19) 94.7 64.9
IF 4.54% (6) 100 50

RFS recurrence-free survival, OS overall survival, WD well differentiated, MD moderately differentiated, PD poorly differentiated, NOS not oth-
erwise specified, VATS video-assisted thoracoscopic surgery, THE transhiatal esophagectomy, E2F extended two field, 2F two field, /F, single

field
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Table 2 Factors affecting OS and DFS as per Cox regression

Characteristic Variable HR (OS) 95% CI (OS) p Value (OS) HR (RFS) 95% CI (RFS) p value
Age <50

> 50 0.6 0.7t0 1.4 0.32 0.46 0.72t0 1.6 0.48
Sex Male

Female 0.55 027to 1.1 0.09 0.81 0.32t02.0 0.66
Location Middle

Lower 1.0 0.79to0 1.5 0.57 1.3 0.81to2.1 0.26
Neoadjuvant chemotherapy Single

Dual 1.1 0.58t02.2 0.70 0.52 021to 1.3 0.17
Histological differentiation WD

MD 1 0.52t0 1.9 1 0.8 0.8to 1.4 0.43

PD 0.98 043t02.2 0.96 0.59 0.43 to 1.59 0.51

NOS 24 0.90to 3.1 0.06 0 0 to infinity 0.97
Type of surgery VATS

Open 1.01 0.64 t0 2.0 0.64 22.4 0 to infinity 0.95

THE 1.11 0.39t02.6 0.95 0 0 to infinity 0.94
Pathological complete response Yes

No 1.45 0.99 t0 2.14 0.057 1.5 0.87t0 2.6 0.13
Lymph node positivity Yes

No 1.1 0.79t0 1.5 0.50 0.94 0.59t0 1.5 0.80
Type of lymphadenectomy E2F

2F 0.7 036to 1.5 0.42 16 0 to Infinity 0.98

1IF 1.6 0.61 to 4.2 0.32 0 0 to infinity 0

RFS recurrence-free survival, OS overall survival, HR hazard ratio, CI confidence intervalm, WD well differentiated, MD moderately differenti-
ated, PD poorly differentiated, NOS not otherwise specified, VATS video-assisted thoracoscopic surgery, THE transhiatal esophagectomy, E2F

extended two field, 2F two field, /F single field

Median age of the patients was 52 in our study which
was almost a decade younger than what was seen in the
CROSS trial [7]. This leads to more years of life lost than
in the Western world, the cause of which needs to be fur-
ther studied.

Initially 93% of our patients were SCC (prior to final
inclusion) contrasting with the CROSS study in which
only 23% of the patients had SCC [7]. Other studies from
India by Anap et al. [17], Krishnamurthy et al. [18], and
Bhattacharya et al. [19] also had all or majority of their
patients as SCC. This underlines the much greater inci-
dence of SCC, still, in India compared to the Western
world (Table 4). Probable causes for the same would be
the lower socio-economic status and lesser burden of
obesity.

The Western world has a preponderance of cancer in
the lower third as seen in the CROSS trial. In compari-
son, studies from India including ours have at least 40%
of patients with cancer in the middle third (Table 4). This
is most likely due to the majority of cases being of the
squamous subtype in India.
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67.4% (89) of the patients received double agent chemo-
therapy and 32.6% (43) of the patients received single-agent
chemotherapy. Single-agent chemotherapy was given to
those patients unable to withstand double-agent chemother-
apy after a discussion in the institutional tumor board. There
was however no difference in OS or RFS, which gives rise
to the question of whether a single-agent chemotherapy is
adequate to be given concurrently with radiation. This would
have to be addressed in a proper randomized trial.

Positive lymph nodes were identified in 34% of patients
which was similar to the 31% lymph node positivity in the neo-
adjuvant subgroup in the CROSS trial. Having at least a third of
patients with positive lymph nodes underscores the need for an
adequate lymphadenectomy even after chemoradiation.

The 2-year OS at a median follow-up time of 18 months
(IQR 12 to 23 months) in our study was 64.5%, and the
2-year RFS was 75.6%. The CROSS trial had a 1-year and
2-year OS of 85% and 73% respectively for SCC patients.
The study by Bhattacharya et al. had a 1-year OS of 84.4%
and 2-year OS of 76.3% at a median follow-up of 16 months.
Lower survival in our data could be due to advanced stage,
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Survival Functions
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Fig.2 Effect of PCR on overall survival
Table 3 Factors affecting PCR analyzed by binary logistic regression
Factor affecting PCR Subset PCR achieved Odds ratio 95% confidence interval p value
Sex Male 33% (17/51)
Female 32% (26/81) 1.05 05t022 0.88
Age <50 38% (19/50)
> 50 29% (24/82) 0.88 0.65 to 1.82 0.75
Location Middle 32% (19/59)
Lower 32% (24173) 1.03 0.49to 2.1 0.93
Less than 10 mm thickness preNACTRT [14] Yes 35% (5/14)
No 32% (31/95) 0.81 0.26 to 2.82 0.87
> 40% change in thickness post NACTRT [15] Yes 33% (14/42)
No 31% (21/66) 0.93 0.40to 2.12 0.87
Single- or double-agent chemotherapy Single 30% (13/43)
Dual 33% (30/89) 0.85 0.38 to 1.86 0.69
Grade WD 57% (417)
MD 30% (29/97) 0.32 0.06to 1.5 0.15
PD 32% (7/22) 0.35 0.06 to 2.01 0.23
WD well differentiated, MD moderately differentiated, PD poorly differentiated
poor nutrition, and post-op mortality occurring in 10 Of the various factors analyzed affecting OS in our
(7.57%) patients as ours is real-world data in contrast to the  study, PCR was the only significant factor (p 0.048). The
CROSS trial. 2-year OS was 81.4% and 64% for the PCR and nonPCR
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Table 4 .Comparism.] of our Current study CROSS Anapetal. Krishna- Bhattacharya et al.
study with other regional murthy
studies and the CROSS trial
et al.
Number of patients 132 368 157 50 80
SCC (%) 93 before inclusion 23 87 90 100 (only analyzed SCC)
Lower third location (%) 55.3 80 56 60 47.5
2-year OS (%) 64.5 73 NA NA 76.3
PCR (%) 32.5 49 40 38 41.3

groups, respectively. A study by Berger et al. showed a
significant OS for those with a PCR [10] (p = 0.015).
However, a large majority of the patients in this study
were adenocarcinoma. Similarly, a study by Meredith et al.
showed PCR to be a significant factor for OS in patients
with adenocarcinoma esophagus [11]. A study from Tai-
wan showed a significant survival difference for esopha-
geal SCC patients with a PCR [20].

A PCR is an important prognostic factor in our and in
various other studies as mentioned above. Hence, we stud-
ied factors affecting PCR which can be divided as patient,
tumor, or treatment factors. In addition, there is a need to
identify factors that can predict PCR.

Patient factors are age, sex, smoking status, and co-mor-
bidities. Tumor or biological factors are the location of the
tumor, histology, length, thickness, genetic makeup, and the
activity on an FDG/PET scan. Treatment factors would be
the dose and type of chemoradiation administered.

Huang et al. showed age, smoking, and the length of the
tumor to be significant predictors of patients undergoing a
PCR [21].

Li et al. recently published a paper that showed that the
response to neoadjuvant treatment as assessed by a PET scan
is a reasonable method to assess response [22].

A recent study compared proton versus photon radiation
therapy and found photon beam to be equivalent to the for-
mer in getting a complete response [23].

MD Anderson devised a nomogram to predict PCR
and another study used multimodal imaging (diffusion-
weighted MRI and activity on an FDG/PET C) to predict
a PCR [24, 25].

In our study, no specific factor was however found to
determine which patient would undergo a pathological com-
plete response. We did not study factors predicting PCR.

PCR being a significant factor that affects OS allows us
to consider the possibility of organ preservation with an
intensive follow-up schedule to facilitate surgery for those
patients’ showing signs of disease.

Our study lacks in being a retrospective study with its
associated biases. The median follow-up was only 18
months. A detailed comprehensive staging was not done for
all patients. Chemoradiation administered was not standard
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for all patients. All the factors affecting and predicting PCR
that are mentioned above were not studied.

In conclusion, NACTRT prior to surgery for locally
advanced SCC esophagus remains the standard of care with
PCR being a significant factor in predicting overall survival
as per our real-world data from a tertiary cancer center in
Western India. Additional prospective randomized studies
are necessary to analyze factors affecting and predicting
PCR which would help in organ preservation.
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