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Abstract
Introduction

Esophageal cancer is one of the most common cancers worldwide. Neoadjuvant chemoradiotherapy followed
by surgery is the standard treatment for locally advanced squamous cell carcinoma (SCC). Pathological
complete response (pCR) after surgery is associated with better outcomes in terms of overall survival and
disease-free survival. We aim to determine the effectiveness of neoadjuvant chemoradiotherapy in patients
with locally advanced SCC at our institute, the largest purpose-built cancer center in Pakistan. We also aim
to identify various factors influencing pCR, such as chemotherapy regimen, total radiation dose, clinical
stage at presentation, and gender.

Materials and methods

This is a retrospective review of all patients with esophageal SCC presented between January 2019 and 2021
to the institute for treatment. Patients received neoadjuvant chemoradiotherapy (nCRT) as per the CROSS
trial protocol, followed by surgery. We assessed the pCR rate. Statistical analyses were performed using IBM
SPSS Statistics for Windows, Version 22 (Released 2013; IBM Corp., Armonk, New York). pCR was studied
alongside associated factors such as age, gender, stage of disease, chemotherapy regimen, and total dose of
radiotherapy. A p-value of <0.05 was considered statistically significant. The chi-square test was used to
compare categorical variables. Univariate and multivariate logistic regression was employed to evaluate
factors affecting pCR.

Results

A total of 218 patients were included in the study. pCR was achieved in 64.2% of the patients. The female
gender was associated with better outcomes, as 70.4% (n=81) of female patients achieved a complete
pathological response, compared to 57.3% (n=59) of males, with a p-value of 0.03. On univariate analysis,
the complete pathological response was 69.6% (n=94) in the age group of 45 years and below, whereas it was
55.4% (n=46) in the age group above 45 years, with a p-value of 0.024. Though statistically insignificant,
outcomes were slightly better for those with node-negative disease, as 67.2% (n=41) achieved complete
pathological response compared to those with node-positive disease at 63.1% (n=99). Univariate logistic
regression analysis identified gender (p=0.044, OR=1.77, 95% CI: 1.016-3.108) and age group (p=0.034,
OR=1.844, 95% CI: 1.046-3.252) as significantly associated with pCR. Female patients were 77% more likely
to achieve pCR compared to male patients (OR=1.77, 95% CI: 1.016-3.108). Younger patients (€45 years) were
84.4% more likely to achieve pCR compared to the older age group (OR=1.844, 95% CI: 1.046-3.252).
However, these did not maintain significance in multivariate logistic regression analysis.

Conclusion

Our study indicated a high rate of pCR with nCRT in patients with esophageal SCC compared to other
studies. The achievement of pCR was higher among females and younger patients, which was statistically
significant on univariate logistic regression analysis. Our study also concluded that a higher dose of RT
(50Gy/25#) is not superior to a lower dose (45Gy/25#) in terms of pCR achievement but was statistically
insignificant. Similarly, CARBO/PAC was not superior to CIS/CAP in terms of pCR achievement and was also
statistically insignificant.
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Introduction

Esophageal cancer is the eighth most common cancer worldwide in terms of incidence and ranks sixth in
causing cancer-related deaths [1,2]. The average 5-year overall survival (OS) rate is 20%. However, for
localized disease, it is around 46% and declines with regional and distant metastasis [3]. Esophageal cancer
has two major types of histology: squamous cell carcinoma (SCC) and adenocarcinoma (AC). While AC is
more common in North America and other regions of Europe, SCC is more common in Asia, Africa, and
Southern Europe [4]. Due to the lack of early screening, mostly half of the patients are diagnosed with locally
advanced diseases [5]. The treatment options vary according to staging. For early-stage (cT1 NO MO and low-
risk ¢T1 NO MO) esophageal cancer, upfront surgery is preferred, irrespective of histology. However, for
locally advanced (cT2-4 N1-3 MO and high-risk ¢cT2 NO M0) SCC, neoadjuvant chemoradiotherapy (nCRT)
followed by esophagectomy is the standard of treatment [6]. Since 1992, when the RTOG 85-01 study
demonstrated a significant survival advantage with CCRT (concurrent chemoradiotherapy) and a cisplatin
and 5-fluorouracil (Cis/5-FU) regimen compared to radiation alone, Cis/5-FU has been used often in
conjunction with radiotherapy for patients with unresectable locally advanced esophageal squamous cell
cancer (ESCC) [7].

The CROSS-trial set the benchmark for neoadjuvant CRT followed by surgery for locally advanced non-
metastatic esophageal cancers, with an absolute 10-year OS benefit of 13%. Following nCRT, as much as 49%
of patients achieved a pathological complete response (pCR) in the SCC group, whereas in the AC group, it
was 29%, with a significantly longer median OS of 48.6 months [8]. For those patients who respond poorly to
nCRT, the PALACE-1 trial in which preoperative pembrolizumab combined with chemoradiotherapy (PPCT)
offered a safe and feasible regimen for treating resectable esophageal SCC. A pathologic complete response
rate of 55.6% following PPCT also indicated potential therapeutic efficacy [9]. A pCR is defined as the
absence of viable cancer cells in the resected esophagectomy specimens. It is regarded as a prognostic
marker along with improved OS and disease-free survival (DFS) in patients achieving a complete
pathological response [10].

Since achieving a complete pathological response is associated with improved OS and progression-free
survival, in this study, we aim to determine the effectiveness of neoadjuvant CRT in patients with locally
advanced SCC in our institute, which is the largest purpose-built cancer center in Pakistan. We also aim to
determine various factors that can influence pCR, such as the chemotherapy regimen, total radiation dose,
clinical stage at presentation, and gender.

Materials And Methods
Study population

This is a retrospective review of all patients with histologically confirmed esophageal SCC who presented
between January 2019 and December 2021 to the institute for treatment. The population included people of
all age groups and were predominantly from the Northwest of Pakistan and Afghanistan.

Inclusion criteria

Histologically confirmed esophageal SCC of stage ¢T2-4 N1-3 MO and high-risk poorly differentiated cT2 NO
in all age groups were included. Only patients with a performance status of ECOG 0-2 were included.

Exclusion criteria

Patients with non-SCC histology, non-compliance with treatment, metastatic disease, advanced inoperable
esophageal cancer such as cT4bN2/3, and a previous or current diagnosis of other cancers were excluded.

Treatment protocol
These patients received nCRT followed by surgery. We assessed the pCR rate. Patients received either nCRT
(chemoradiotherapy) with capecitabine plus cisplatin or carboplatin plus paclitaxel. The former consisted of

two cycles of intravenous cisplatin at 60 mg/mZ on day 1 and oral capecitabine at 825 mg/m2 twice daily
from days 1 to 14 at three-week intervals. The latter included carboplatin AUC-2 weekly along with

paclitaxel at 50 mg/mZ weekly.

A Varian Vital Beam machine was used to deliver the RT using the volumetric modulated arc therapy
(VMAT, RapidArc) technique. The dose of RT was 45 Gray (Gy) or 50 Gray completed in 25 fractions over 5
weeks (1.8 to 2 Gy per fraction). This was followed by laparoscopic minimally invasive esophagectomy or
trans-hiatal esophagectomy.

pCR was defined as a complete response to nCRT followed by no detection of cancer on histopathology of
the surgical specimen post esophagectomy.

Ethical approval
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Since this is a retrospective study based purely on hospital records, informed consent is not required for this
study. Moreover, the data was fully anonymized to avoid the breach of patients’ confidentiality. The study
was approved by the institutional review board (IRB) of Shaukat Khanum Memorial Hospital and Research
Centre.

Statistical analysis

Statistical analyses were performed using IBM SPSS Statistics for Windows, Version 22 (Released 2013; IBM
Corp., Armonk, New York). pCR was studied along with its associated factors such as age, gender, stage of
disease, chemo regimen, and the total dose of radiotherapy, with p < 0.05 considered statistically significant.
The chi-square test was used to compare categorical variables. Univariate and multivariate logistic
regression was used to identify the association of pCR with various variables. The pre-op T stage and pre-op
N stage were not included in logistic regression studies due to a wide variance in sample distribution. Only
statistically significant variables on univariate logistic regression were included in multivariate analysis.

Results

A total of 218 patients were included in the study. Complete pathological response was achieved in 64.2%
(n=140) of the patients (Figure I).
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FIGURE 1: Complete pathological response

Most patients (92.2%, n=201) had downstaging after chemoradiotherapy and surgery. Only 4.6% (N=10) of
the patients had upstaging after surgery, whereas 3.2% (n=7) of patients had no change (Figure 2).
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FIGURE 2: Downstaging versus upstaging after surgery

The mean age was 44 * 8.93 years. The majority of the patients were female (52.8%, n=115). Most of the
patients (89.4%, n=195) had T4 disease on presentation. With regards to nodal status, 54.6% (n=119) of the
patients had an N1 disease on presentation (Table 7).
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Variables

Gender

Pre-op - T stage

Post-op - N stage

Post-op - T stage

Pre-op - N stage

Age in years (mean + SD)

Frequency Percentage
Male 103 47.2
Female 115 52.8
T 2 0.9
T2 4 1.8
T3 195 89.4
T4 17 7.8
NO 193 88.5
N1 21 9.6
N2 3 14
N3 1 0.5
TO 149 68.3
T 11 5.0
T2 25 115
T3 32 14.7
T4 1 0.5
NO 61 28.0
N1 119 54.6
N2 36 16.5
N3 2 0.9
44 +8.93

TABLE 1: Demographics

Female gender was associated with a better outcome as 70.4% (n=81) of the female patients achieved a
complete pathological response, whereas in males, the percentage was 57.3% (n=59). This was statistically
significant with a p-value of 0.03 (Table 2).

The younger age group had a better outcome as a complete pathological response was observed in 69.6%
(n=94) of individuals in the age group of 45 and below, whereas in the age group above 45, it was 55.4%
(n=46). This was statistically significant with a p-value of 0.024. Although statistically insignificant, the
outcome in those having node-negative disease was slightly better, with 67.2% (n=41) of the patients
achieving a complete pathological response compared to those with node-positive disease (63.1%, n=99)
(Table 2).

There was no significant difference noted between patients receiving 45 Gray in 25 fractions vs. 50 Gray in
25 fractions, with almost similar outcomes in terms of a complete pathological response at 60.2% (n=62) and
67.2% (n=78), respectively. Most of the patients (88%, n=192) received concurrent carboplatin and paclitaxel
along with radiotherapy. However, no significant difference was noted in terms of a complete pathological
response between the carboplatin/paclitaxel group and the cisplatin/capecitabine group, at 64.1% and 65.4%,
respectively.

With regards to TNM staging, pCR was highest (100%) among patients with T2 disease; however, there were
only four patients. This was followed by T3 with a pCR of 64.6% and T4 with a pCR of 58.8%. The results
were statistically insignificant with a p-value of 0.1. pCR was highest (72.2%) among patients with N2
disease followed by NO (67.2%) and N1 (60.5%). However, the results were statistically insignificant with a p-
value of 0.545 (Table 2).
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Complete pathological response associated with gender
pCR
Male
Gender
Female
Total
Complete pathological response associated with age group
pCR
Above and equal to 45 years
Age
Below 45 years
Total
Complete pathological response associated with nodal status
pCR
Node positive
Nodal involvement vs non-nodal

Node negative

Total

Yes
59 (57.3%)
81 (70.4%)

140 (64.2%)

Yes
46 (55.4%)
94 (69.6%)

140 (64.2%)

Yes
99 (63.1%)
41 (67.2%)

140 (64.2%)

Complete pathological response associated with dose and fractionation of radiation

pCR
45 Gy/25#
Dose and fractions
50 Gy/25#
Total
Complete pathological response associated with the chemotherapy regimen
pCR
CARBO/PAC
Chemo regimen
CIS/CAP
Total
Complete pathological response associated with pre-op T-staging
pCR
T
T2
Pre-op - T stage
T3
T4
Total
Complete pathological response associated with pre-op N-staging
pCR
NO
N1
Pre-op - N stage
N2
N3

Total

2023 Qamar et al. Cureus 15(10): e47835. DOI 10.7759/cureus.47835

Yes
62 (60.2%)
78 (67.8%)

140 (64.2%)

Yes
123 (64.1%)
17 (65.4%)

140 (64.2%)

Yes

0 (0%)

4 (100%)
126 (64.6%)
10 ( 58.8%)

140 (64.2%)

Yes

41 (67.2%)
72 (60.5%)
26 (72.2%)
1(50%)

140 (64.2%)

No
44 (42.7%)
34 (29.6%)

78 (35.8%)

No
37 (44.6%)
41 (30.4%)

78 (35.8%)

No
58 (36.9%)
20 (32.8%)

78 (35.8%)

No
41(39.8%)
37 (32.2%)

78 (35.8%)

No
69 (35.9%)
9 (34.6%)

78 (35.8%)

No

2 (100%)
0 (0%)

69 (35.4%)
7 (41.2%)

78 (35.8%)

No

20 (32.8%)
47 (39.5%)
10 (77.8%)
1(50%)

78 (35.8%)

Total
103 (100%)
115 (100%)

218 (100%)

Total
83 (100%)
135 (100%)

218 (100%)

Total
157 (100%)
61 (100%)

218 (100%)

Total
103 (100%)
115 (100%)

218 (100%)

Total
192 (100%)
26 (100%)

218 (100%)

Total

2 (100%)

4 (100%)
195 (100%)
17 (100%)

218 (100%)

Total
61
119
36

2

218 (100%)

p-Value

0.03

p-Value

0.024

p-Value

0.34

p-Value

0.151

p-Value

0.5

p-Value

0.1

p-Value

0.545
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TABLE 2: Factors associated with pCR

pCR: pathological complete response, CARBO/PAC: carboplatin/paclitaxel group, CIS/CAP: cisplatin/capecitabine group

Gender

Age group
Chemo regimen
Radiation dose

Node status

Univariate logistic regression analysis identified gender (p=0.044) and age group (p=0.034) as significantly
associated with pCR. Female patients were 77% more likely to achieve pCR compared to males (OR=1.77, 95%
CI 1.016-3.108). Patients in the younger age group (>45 years) were 84.4% more likely to achieve pCR
compared to the older age group (OR=1.844, 95% CI 1.046-3.252). Only statistically significant variables (p-
value <0.05) in univariate analysis were included in multivariate analysis. However, both gender and age did
not maintain their significance on multivariate logistic regression (Table 3).

Univariate Multivariate

OR Cl195% p-value OR Cl195% p-value
1.777 1.016-3.108 0.044 1.671 0.948-2.946 0.076
1.844 1.046-3.252 0.034 1.738 0.979-3.087 0.059
1.06 0.448-2.504 0.895

1.394 0.800-2.430 0.241

1.201 0.643-2.244 0.566

TABLE 3: Univariate and multivariate logistic regression for factors associated with pCR

pCR: pathological complete response, OR: odds ratio

Discussion

nCRT in ESCC can cause tumor downstaging, higher rates of negative resection margins, reduced recurrence
rates, and improved survival [11]. The current study is a unique retrospective study that not only evaluates
the rate of pCR following nCRT but also assesses the effect of different factors on the achievement of pCR.
The current findings in our study revealed that 140 patients (64.2%) had achieved pCR among the 218
patients with ESCC who were enrolled in the study. In other studies that used pCR as a clinical response
evaluator, a clinical Chinese study (NEOCRTEC5010) revealed that 43.2% achieved pCR among 185 ESCC
patients [12]. Similarly, in another Chinese study, 25.76% of 392 SCC patients achieved pCR [13]. In another
Indian retrospective study, the pCR rate was found to be 55.5% among ESCC patients [14]. The CROSS trial,
which was a benchmark for nCRT, showed a pCR rate of 49% in the squamous cell cancer group [5]. Similarly,
another study done in Iran showed that 40.6% of the patients with SCC achieved pCR [15].

In our study, female gender was associated with a better outcome (p=0.044, OR=1.77, 95% CI 1.016-3.108) as
70.4% of females achieved pCR, whereas in males, the percentage was 57.3%. This is concordant with
another study that showed that female gender had better outcomes in achieving pCR, as it was 59% for
females and 41% for males [14]. In contrast, the NEOCRTEC5010 study revealed that males achieved pCR
more than females, as the male percentage was 82.5% [12].

Regarding age, there was a favorable link in our study between the younger age group (p=0.034, OR= 1.844,
95% CI 1.046- 3.252) and complete pathological response pCR, with 69.6% (n=94) of patients of age group 45
and below having a complete pathological response, whereas only 55.4% (n=46) of patients over 45 achieved
pCR. Other studies showed that the mean age for complete pathological response was 52 and 55.43,
respectively [12,14]. With regards to nodal involvement, despite being statistically insignificant, results were
slightly better in patients with NO disease: 67.2% (n=41) of these patients achieved pCR as opposed to 63.1%
(n=99) of patients with nodal disease. One study showed that 76% of patients with a pathologic complete
lymph node regression (LNR) score of 1 had achieved a pCR in the primary tumor [16]. In contrast, another
recent study revealed that the pCR rate was lower in node-negative disease at only 43%, while it was
achieved in 57% of those with nodal involvement [14].

We examined the effect of the dose of radiation on achieving pCR. Our study indicated that there was no
discernible difference between the group receiving 45 Gy or 50 Gy in 25 fractions. A recent study showed
that a complete pathological response was noted in 20% of patients receiving 36 Gy radiotherapy and 45% of
patients receiving 50 Gy radiotherapy [17]. Another study on 214 patients found that pCR was obtained in
13% of patients treated with 30-30.6 Gy, 38% of patients treated with 39.6-40 Gy, and 67% of patients
treated with 44-45 Gy. They concluded that the dose of radiation correlates significantly with the likelihood
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of achieving a pCR in SCC patients [18]. In the same context, another study noticed that 42.9% of patients
who received €45 Gy achieved pCR while in patients who received more than 45 Gy, the pCR rate was 30.6%
[19]. This points towards a better response with higher doses of radiation but at the expense of slightly
worse side effects. However, 45-50 Gy is the standard dose, and no significant differences have been noted
in terms of side effects or response.

Our study also indicated that there was no statistically significant difference in achieving pCR with different
concurrent chemotherapy regimens. One study showed that neoadjuvant CRT with carboplatin and
paclitaxel doublet is associated with a better survival outcome, higher surgical resection rate, and better
safety profiles than cisplatin and capecitabine in patients with locally advanced esophageal SCC. However,
pCR was not examined [20].

Our study showed that after nCRT and surgery, most patients (92.2%, n=201) had their tumor downstaged,
compared to 3.2% (n=7) of patients who had no change, and only 4.6% (n=10) of patients had upstaging after
surgery. Another study investigated the effects of nCRT on TNM stage and its prognostic significance and
found that 68% of the patients being downstaged [21].

While this study provides valuable insights into pCR attainment in SCC patients, it is important to note that
there were some limitations regarding the detection of OS and DFS in patients with ESCC due to its
importance for prognostication, treatment decision-making, patient counseling, and clinical research. These
limitations should be addressed in future research. The pCR rate in our study was higher as compared to
other studies. Of note, no such studies have been conducted to the best of our knowledge across our patient
population. Whether the response rate is higher due to differences in tumor biology or patient population is
a conundrum, and perhaps further studies with newer modalities of treatment along with outcomes in terms
of OS and DFS could be crucial.

Conclusions

Our study indicated a high rate of pCR with nCRT in patients with esophageal SCC as compared to other
studies. The achievement of pCR was higher amongst females and younger patients which was statistically
significant on univariate logistic regression analysis. Our study also concluded that a higher dose of RT (50
Gy/25#) is not superior to a lower dose of RT (45 Gy/25#) in terms of achievement of pCR but was
statistically insignificant. Similarly, CARBO/PAC was not superior to CIS/CAP in regard to the achievement
of pCR but was statistically insignificant as well.

Additional Information
Disclosures

Human subjects: Consent was obtained or waived by all participants in this study. Shaukat Khanum
Memorial Hospital and Research Centre issued approval EX-17-03-22-01. This study has been approved by
the Institutional Review Board (IRB) of Shaukat Khanum Memorial Hospital and Research Centre (Approval
no. EX-17-03-22-01). The IRB review process of SKMCH&RC is in compliance with ICH-GCP Guidelines.
Animal subjects: All authors have confirmed that this study did not involve animal subjects or tissue.
Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all authors declare the
following: Payment/services info: All authors have declared that no financial support was received from
any organization for the submitted work. Financial relationships: All authors have declared that they have
no financial relationships at present or within the previous three years with any organizations that might
have an interest in the submitted work. Other relationships: All authors have declared that there are no
other relationships or activities that could appear to have influenced the submitted work.
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