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Abstract
Esophageal cancer carries a poor prognosis, and despite the widespread adoption of neoadjuvant
chemoradiation (nCRT) followed by esophagectomy, survival outcomes have barely budged. A key
question that remains unresolved in clinical practice is how long to wait between completing nCRT and
proceeding to surgery. Pathological complete response (pCR), the absence of viable tumor cells at
resection, is a strong marker of treatment success, and there is reason to believe that a longer interval
might allow tumor regression to fully mature. To explore this, we retrospectively analyzed 147
esophageal cancer patients treated at a tertiary cancer center with nCRT followed by esophagectomy.
The overall pCR rate was 49.6%. Neither demographic nor clinical variables significantly predicted pCR.
Across all time-interval classifications, patients who waited longer before surgery showed consistently
higher pCR rates, those operated within 4–8 weeks had an odds ratio of just 0.43 for achieving pCR
compared to those waiting beyond 12 weeks. Yet none of these trends crossed the threshold of
statistical significance. The pattern held in subgroup analysis restricted to esophageal squamous cell
carcinoma. These results neither confirm nor refute delaying surgery, but the consistent directional trend
warrants further investigation through prospective trials with larger, more heterogeneous cohorts.

Introduction
Esophageal cancer is the eighth most common cancer in the world and the sixth leading cause of cancer
death 1–3. It is the most common cancer in developing regions including Asia, Africa, and Latin America
1,4. Despite its prevalence, esophageal cancer 5-year survival rates have not significantly improved in
recent years 2,5. In esophageal cancer at stages higher than T1 and with lymph node involvement, the
standard treatment includes neoadjuvant chemoradiotherapy followed-esophagectomy and then
adjuvant treatment, a combination known as trimodality therapy 6. Using neoadjuvant chemoradiation
(nCRT) in esophageal cancer reduces tumor burden, increases resectability, and leads to long-term
survival 7. Previous studies have shown that nCRT followed by esophageal resection surgery enhances
survival rate compared to esophagectomy alone in patients with advanced stages of esophageal cancer
8–11.

Pathologic complete response (pCR) after neoadjuvant treatment was first introduced as a prognostic
factor in rectal squamous cell carcinoma (SCC) 12–14. Moreover, the interval between neoadjuvant
radiotherapy and surgery and its correlation with the reduction of the pathological tumor stage after
neoadjuvant treatment and resectability was first described in rectal cancers 15. An interval of more than
eight weeks has been identified as an effective factor for pCR post-surgery in rectal cancers 16–18.

Achieving pCR allows the postponement or elimination of esophageal surgery without the risk of cancer
progression following neoadjuvant treatment. The pCR of esophageal cancer to treatment is assessed
using the Japanese classification of esophageal cancer. A complete response is defined if no viable
tumor cells are found in the pathological specimen of esophagectomy and in its lymph nodes 19.
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Clinically, the interval between nCRT and esophagectomy surgery varies, with the time to surgery (TTS)
between 4 and 8 weeks 20,21. There are several inevitable factors secondary to nCRT that justify delaying
TTS, such as patients' compromised physical condition, suboptimal nutritional status, uncontrolled
comorbidities, and the occurrence of severe treatment-induced adverse events, specifically radiation-
associated pneumonia and cardiotoxicity 21,22.

The objective of this study is to assess the influence of the time interval between the completion of
nCRT and esophagectomy on achieving pCR in patients with esophageal cancer. By investigating
whether extending the interval before surgery enhances the pCR rate, this study aims to identify an
optimal timing strategy that could potentially improve treatment outcomes for esophageal cancer
patients.

Results

Patient characteristics
In this study, 53.7% of the participants were women. The mean age of the participants was 58.96 with a
deviation of 11.01 years. The minimum age was 27 years and the maximum age was 79 years. The
frequency distribution analysis demonstrated that most participants in this study were diagnosed with
ESCC, accounting for 130 (88.4%) of all cases studied compared to 17 EAC patients (11.6%). 76.2% of
the patients were in the 3rd stage of the disease. The majority of patients (91.8%) in the study, had lymph
node involvement. Most of the patients participating in the study (93.9%) had T3/T4 tumor size, and
6.1% had T1/T2 tumor size. Of the 147 patients participating in the study, 57 had operative time of less
than 6 hours and 90 (61.3%) had a duration of more than 6 hours. Additionally, most of the patients
participating in the study (75.5%) had a hospitalization period of less than 2 weeks (Table 1).
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Table 1
Patient Characteristics.

Variables Total patients with
esophageal cancer (N = 
147)

Patients with
pCR (N = 73)

P-
value

Sex Male 68 (46.3) 34 (50) 0.939

Female 79 (53.7) 39 (49.4)

Age < 60 78 (53.06) 38 (48.7) 0.808

> 60 69 (46.94) 35 (50.7)

Hospitalization
Period

< 2 weeks 111 (75.5) 57 (51.4) 0.472

> 2weeks 36 (24.5) 16 (44.4)

Operative time < 6 hours 57 (38.7) 30 (52.6) 0.566

> 6 hours 90 (61.3) 43 (47.4)

Type SCC 130 (88.4) 70 (53.8) 0.01

Adenocarcinoma 17 (11.6) 3 (17.6)

Stage � 12 (8.16) 9 (72.8) 0.066

�I 112 (76.2) 56 (50) 0.187

Ⅳ 23 (15.6) 8 (34.8) Ref

Data are presented as N (%)

cPR: complete pathologic response

Stratification of pCR Across Demographic and Clinical Variables
Out of the 147 patients participating in the study, 73 had a positive pCR and 74 had a negative pCR. The
frequency distribution results showed that (50.3%) of the patients participating in the study had a
negative pCR.

The pCR outcomes among the male patients were equally distributed, with half demonstrating positive
pCR. Similarly, among the female patients, there was a relatively even distribution between positive and
negative pCR outcomes, with a slightly higher percentage of them having a negative pCR (50.6% vs
49.4%). Gender did not show a statistically significant difference between the two groups with positive
and negative pCR (P-value 0.535). Also, 48.7% of the patients younger than 60 and 50.7% of the patients
who were older than 60 years had a positive pCR. The mean age of the individuals in the group with
positive pCR was 59.32 and in the group with negative pCR was 58.6. The average age between the two
groups did not show a statistically significant difference (P-value 0.693). After adjustments for
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confounding variables, it was demonstrated that there was no statistically significant relationship
between gender and age with pCR.

The majority of patients had a surgery time of more than 6 hours and were hospitalized for less than two
weeks. The pCR rate was higher in the patients with less than 6 hours (52.6% vs. 47.4%), and fewer than
2 weeks’ hospitalization (51.4% vs. 44.4%); however, these variables did not make a significant
difference regarding pCR. Furthermore, the regression analysis showed that there was no statistically
significant relationship between the hospitalization period and the operative time in patients with pCR.

Regarding tumor stage, the highest pCR rate was observed in patients with stage 2 tumors. The pCR rate
was 72.8%, 50%, and 34.8% among the patients with stage 2, 3, and 4 tumors, respectively. Although,
considering the higher frequency of patients with stage 3 tumors in this study (76.2%), the highest
frequency among patients with positive pCR belongs to this group. Additionally, 53.8% of ESCC patients
and 17.6% of EAC patients had a positive pCR. However, there was no significant relationship between
the tumor stage and the pCR, the relationship between the positive pCR and the type of tumor was
significant, so the patients who had esophageal SCC had a more positive pCR (Table 1).

Effect of Time to surgery on pCR in patients with esophageal cancer
In the first interval categorization, patients with esophageal cancer, including ESCC and EAC, were
almost evenly distributed between subcategories. Within this timeframe, there is an increasing trend in
pCR rates by delaying the time between CRT and surgery. The comparison between 4–8 weeks and more
than 12 weeks’ intervals revealed that those who undertook surgery within 4–8 weeks have greatly lower
odds of achieving pCR; however, this significance is only marginal (OR = 0.43, CI = 0.20–0.97, P-value = 
0.06). Similarly, patients in the 9–12 weeks’ interval have lower odds of achieving pCR than those who
had surgery after 12 weeks of CRT, though this difference is not statistically significant (OR = 0.7, CI = 
0.26–1.37, p-value = 0.22). According to the second interval classification based on an 8-week cutoff,
two-thirds of the participants had a TTS of more than eight weeks. Compared to the prolonged interval
group, patients who had surgery in less than eight weeks of CRT had lower odds of achieving complete
pCR, although the difference was insignificant (OR = 0.56, CI = 0.27–1.12, p-value = 0.09). Based on the
third interval grouping, 100 individuals experienced a TTS in less than 12 weeks, while the remaining 47
patients surpassed the 12-week cut-off. Similar to other interval classifications, the shorter TTS cohort
had a lower pCR rate and notably reduced chances of achieving pCR compared to delayed TTS group;
however, the difference was not significant (OR = 0.55, CI = 0.28–1.11, p-value = 0.10).

Accordingly, it was revealed that there was no statistically significant relationship between the positive
pCR and any of the divisions of the interval between the completion of nCRT and esophagectomy.
Furthermore, analyzing the pCR in terms of mean days between nCRT and surgery demonstrated no
significant difference (p-value = 0.465) between patients with positive and negative pCR groups. On
average, patients with positive pCR had a TTS of 82.19 days, while those with negative pCR had a TTS of
78.66 days (Table 2, Fig. 1)
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Table 2
Effect of time to surgery in pathologic complete response among patients with esophageal cancer

including esophageal SCC and adenocarcinoma.
TTS Number of patients, N

(%)
Patients with pCR, N
(%)

OR 95% CI P-value

First Interval  

4–8 weeks 51 (34.7) 20 (39.2) 0.43 0.20–0.97 0.064

9–12 49 (33.3) 25 (51) 0.7 0.26–1.37 0.228

> 12 weeks 47 (32) 28 (59.6) Ref - -

Second Interval  

≤ 8 weeks 52 (35.37) 21 (40.4) 0.56 0.27–1.12 0.098

> 8 weeks 95 (64.63) 52 (54.7) Ref - -

Third Interval  

≤ 12 weeks 100 (68) 45 (45) 0.55 0.28–1.11 0.101

> 12 weeks 47 (32) 28 (59.6) Ref - -

TTS; Time to Surgery; pCR; pathologic Complete Response, OR; Odds Ratio; CI; Confidence Interval,
Ref; Reference.

Effect of Time to surgery on pCR in patients with ESCC
Among ESCC patients, the average TTS in the group with positive pCR was 60.02 days, and in the group
with negative pCR, it was 58.31 days. The analysis showed that TTS did not show a statistically
significant difference between the two groups (P-value 0.371).

Subgroup analysis within the ESCC cohort, using the same interval categorization, revealed varying pCR
rates. Patients treated within 4–8 weeks showed a trend towards lower odds of achieving pCR compared
to those treated after 12 weeks (OR = 0.47, CI = 0.12–1.12, p-value = 0.09). Also, the 9–12 weeks’ interval
cohort showed slightly reduced odds of pCR compared to the reference group, although this difference
was not statistically significant (OR = 0.84, CI = 0.35–1.98, p-value = 0.69).

Identical patterns emerged in the subsequent analysis, divided into second and third intervals. Patients
with surgery within 8 weeks watched to have lower odds of achieving pCR than those treated later (OR = 
0.52, CI = 0.25–1.08, p-value = 0.08). Likewise, the third interval cohort, consisting of patients with TTS
within 12 weeks, demonstrated reduced odds of pCR compared to those with longer 12 weeks TTS,
though this difference was not statistically significant (OR = 0.63, CI = 0.30–1.31, p-value = 0.22). In short;
Similarly, in ESCC patients, the regression analysis outcomes indicated no statistically significant
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association was observed between positive pCR and any subcategories within the time interval between
nCRT and surgery (Table 3, Fig. 1).

Table 3
Effect of time to surgery in pathologic complete response in patients with esophageal SCC.

TTS Number of patients with
esophageal SCC, N (%)

Patients with pCR,
N (%)

OR 95% CI P-value

First Interval    

4–8
weeks

44 (33.84) 19 (43.2) 0.47 0.12–
1.12

0.090

9–12 35 (26.9) 19 (54.3) 0.84 0.35–
1.98

0.691

> 12
weeks

51 (39.23) 32 (62.7) Ref - -

Second Interval    

≤ 8 weeks 44 (33.84) 19 (43.2) 0.52 0.25–
1.08

0.083

> 8 weeks 86 (66.15) 51 (59.3) Ref - -

Third Interval    

≤ 12
weeks

86 (66.15) 43 (50) 0.63 0.30–
1.31

0.220

> 12
weeks

44 (33.84) 27 (61.4) Ref - -

SCC; Squamous cell carcinoma, TTS; Time to Surgery; pCR; pathologic Complete Response, OR; Odds
Ratio; CI; Confidence Interval, Ref; Reference.

Discussion
Studies have shown that pCR in patients undergoing combined tri-modality treatment for esophageal
cancer is a valuable tool for measuring the rate of improvement, tumor recurrence, metastasis, as well
as the survival rate 23–25. In other studies, patients with locally advanced esophageal cancer were
examined at multiple intervals, with the primary goal similar to this study 15,26–32. In this study, we
performed data analysis by dividing the TTS intervals into two different midpoint times and categorizing
it into 4-week interval, to minimize selection bias among study participants; however, in all cases the
same results were obtained. Considering the high prevalence of esophageal SCC in our study population,
we also assessed the relationship between TTS and pCR over various intervals in this subgroup of our
patients; however, no significant relationship was observed between these two variables. In rectal
cancer, current recommendations suggest performing surgery 6–8 weeks after nCRT, as this interval
significantly improved tumor downstaging compared to a 2-week interval 12. Similarly, the concept of
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allowing time for recovery from nCRT-related adverse events and reach the maximum therapeutic effect
before proceeding with esophagectomy is now widely accepted. However, there is a lack of consensus
on the optimal interval that maximizes oncological benefits, as studies on this topic have produced
conflicting results 26,33.

Several studies revealed a lack of a significant correlation between the TTS and pCR after surgery, which
is consistent with our findings 20,26,27,29,31–37. A systematic literature review by Lin et al. included five
studies with a combined cohort of 1,016 patients of both histological subtypes of esophageal cancer.
They categorized patients based on a 7–8 weeks cut-off and found that a longer interval was associated
with a potentially detrimental impact on 2-year overall survival (OS) and margin positivity. However, pCR,
anastomotic leak rate, and postoperative morbidity were similar between the groups 34. Klevebro et al.
analyzed data from 643 patients with esophageal cancer and categorized them into two groups
according to a median TTS of 49 days. In addition to the differences in pCR and OS rates being
insignificant, the study found no significant differences in margin positivity, postoperative complications,
and 90-day mortality between the longer and shorter interval groups. However, the majority of the
patients (72.6%) in this study had EAC, which may be a distinguishing factor 20. Overall, we think that if
altered genetic factors in the development of carcinoma cells are included as variables, the results will
change.

Notably, the cohorts in most of the studies with similar findings consisted only of ESCC patients, which
revealed no significant difference between their extended and shorter TTS interval groups regarding pCR
and survival indices 26,31,33,35–37. Wang et al. conducted a retrospective study on 665 ESCC patients,
dividing them into four groups based on 4-week intervals. Their findings indicated that surgery within one
month after nCRT was linked to significantly lower positive surgical margin rates; a significant increase
in postoperative mortality counteracts this advantage. They also found that the group with a TTS of 8 to
12 weeks had the lowest mortality rates and hazard ratio (HR) for OS and the highest pCR rate. However,
the statistical significance was only observed in surgical mortality 36. Furukawa et al. studied 134 ESCC
patients from a Japanese hospital, classified them into short—and long-interval cohorts based on an 8-
week cut-off, and found no significant difference regarding pCR, OS, and recurrence-free survival rates
between the two groups. However, they suggest that due to the significantly higher incidences of
respiratory morbidity by prolonging the TTS, it is better to proceed with esophagectomy within eight
weeks after nCRT 33. Wakita et al. conducted a study involving 131 patients with thoracic esophageal
cancer, 129 of whom had ESCC, and categorized them into two groups based on a median TTS of 39
days. They observed that extending the TTS did not impact pCR and OS rates; however, it significantly
raised the incidence of postoperative complications, including anastomotic leakage and recurrent
laryngeal nerve palsy 26. In contrast, two separate studies examined ESCC patients and found no
significant differences in surgical complications or perioperative mortality between their long- and short-
interval defined cohorts 35,37.
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The results of our study conflict with some studies that revealed a significantly higher pCR rate with
prolonging TTS for EC 15,22,28,38–42. Shapiro et al. investigated 325 patients, 75% of whom had EAC and
received the same nCRT protocol. They showed that a TTS interval of more than 45 days was associated
with a higher pCR rates; however, it increased surgical complications, and had no impact on OS or
disease-free survival (DFS) rates 28. Liu et al. reviewed 161 esophageal cancer patients and revealed that
the prolonged time interval group achieved a significantly higher pCR rate; however, there was no
association between a prolonged time interval and OS or DFS 40. Ranney and Franko analyzed 2,444 and
4,284 patients with EAC in their respective studies and found that extending the interval between nCRT
and surgery led to significantly higher rates of pCR; however, it also worsened the OS and postoperative
mortality 41,42. Similarly, Azab et al. demonstrated that the improved pCR after surgery does not result in
an improved survival rate, and there is a higher rate of mortality after surgery 38. A systematic review by
Qin et al. included 13 studies with a pooled cohort of 15,086 EC patients and found that a TTS longer
than 7–8 weeks was significantly associated with an improved pCR rate. However, this extended interval
increased the mortality rate and worsened 2-year and 5-year OS 39. The lack of improvement in the
several responses despite the improvement in the local response can be a sign of the systemic nature of
esophageal cancer 43. In other words, we should look for factors that indicate a systemic response to
treatment and then check the relationship of these factors with TTS.

In studies with results that differ from ours, the majority of esophageal cancer patients had
adenocarcinoma histology, and the same chemoradiation regimen was applied. Given these differences
in cohort characteristics, the discrepancies in the effect of TTS on pCR may be explained. Moreover, the
subgroup analyses in Qin's systematic review demonstrated a significant association between the
extended interval and both pCR and surgical mortality rates only in adenocarcinoma patients 39. Xiao's
study is the only one among those with differing results from ours that only included the SCC histology
subtype. They examined 224 patients and showed a significant association between prolonged TTS and
improved pCR; however, they showed no significant difference in survival benefits and postoperative
complications between long and short-interval groups 22. Similarly, our study revealed a rising trend in
pCR rates with delayed surgery among ESCC patients. However, unlike Xiao's study, the differences
weren't significant, possibly due to our cohort's absence of stage 1 tumors, contrasting with Xiao's
cohort, where they constituted 57.14% of patients. Karthyarth et al. conducted a systematic review and
meta-analysis assessing the effects of early and delayed esophagectomy following nCRT. The pooled
estimate of cohort studies revealed no difference in pCR rates, OS, mortality, and complications between
the two groups. However, analyzing data of 9723 patients from registry-based studies demonstrated
different results, indicating that the delayed surgery group had better pCR rates with no improvement in
survival, and increased rate of mortality and major complications 44.

The discrepancies observed in the findings regarding the impact of delaying TTS on pCR, OS, and post-
surgical complications across different studies underscore the critical need for further research and
investigation; Especially the relationship between tumor biology and the factors considered in this
research. To better understand the impact of TTS on pCR, we divided the TTS into different time intervals
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and grouped patients accordingly to better understand the impact of TTS on pCR. Specifically, the
intervals were categorized into 4-week groups, allowing for more precise comparisons while reducing
selection bias. This approach ensured that we could identify trends or differences in pCR across various
time periods, making the results more reliable and relevant to clinical practice. Also, we focused on
ESCC, which has different biological characteristics and treatment responses compared to EAC. By
including both cancer types and focusing on ESCC, we provided a better understanding of how TTS may
affect this subtype, which is less frequently studied. Similar to other studies, the present study had
limitations. The insufficient number of patients, the retrospective nature of the study, and the
incompleteness of the patient profile information are among the study's shortcomings. Additionally, due
to the limited availability of patients' information and history of multiple chemoradiation regimens, it was
impossible to categorize patients based on their CRT regimen. We suggest conducting trials with the
design of incorporating varied time intervals and confounding factors such as patient's demographic
characteristics, underlying diseases, comprehensive biopathological tumor features, and other
personalized factors influencing their response to treatment and survival.

The results of the study showed that the interval between the completion of nCRT and esophagectomy
surgery cannot predict the pCR to treatment in patients with esophageal cancer. Moreover, data analysis
did not show a significant relationship between TTS interval and pCR in individuals with esophageal SCC.

Methods

Study Design
The present study is a retrospective cohort study, conducted on esophageal cancer patients referred to
the Tehran Cancer Institute from 2016 to 2022. It aims to investigate the relationship between the
interval from nCRT to surgery and pCR after surgery, along with the association between tumor
characteristics such as the type and stage of the tumor and pCR.

Study population
The study population was selected from patients with esophageal cancer referred to the Tehran Cancer
Institute from 2016 to 2022. Using Cochran's formula and based on the sample size of Chiu et al. 27 and
Anvari et al. 45 studies, with a 95% confidence level and maximum error of 0.08, 126 samples were
determined, adjusted by an additional 15% to account for potential sample loss, resulting in a required
sample size 147 patients. The sampling method was convenient and continuous. Inclusion criteria
include patients with a definitive diagnosis of esophageal cancer without metastasis, based on
pathology and paraclinical findings, patients who underwent nCRT and surgery minimally after 28 days
from nCRT, and patients with squamous cell carcinoma or adenocarcinoma with involvement of the trunk
and distal esophagus. Exclusion criteria include esophageal cancer with gastric or gastroesophageal
junction involvement, tumor progression or systemic metastasis in re-staging after post-neoadjuvant
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treatment, impossibility to undergo surgery, failure to receive neoadjuvant treatment, death during
treatment, and cases requiring emergency or salvage surgery.

Data Collection
After obtaining ethics committee approval and necessary permissions, data from 147 patients who
completed chemoradiation and esophagectomy, based on inclusion criteria, were collected from
patients' medical records. Data collection involved using checklists for demographic (age, gender, etc.)
and clinical characteristics (tumor type, size, lymph node involvement, disease stage, interval between
chemoradiation completion and surgery, surgery duration, hospitalization duration, and pCR of the
tumor). Primary the pCR was determined using the TNM formula of the AJCC staging system's 8th
edition, with T0N0M0 indicating a positive pCR.

Patients were classified based on the TTS in esophageal cancer into three intervals: three groups with 4
weeks cut-off (4–8, 9–12, and > 12 weeks), an average of 8 weeks, and an average of 12 weeks, and the
effect of interval on post-operative pathology results was investigated. Considering the prevalence of
esophageal squamous cell carcinoma (ESCC) than esophageal adenocarcinoma (EAC), the relationship
between the interval and pCR outcomes post-operatively was investigated separately.

Statistical Analysis
Data were analyzed using SPSS version 26, utilizing descriptive statistics (mean, variance, standard
deviation) and inferential statistics (chi-square, independent t-test, analysis of variance). The
Kolmogorov–Smirnov test was used to assess the normality of the data, and logistic regression
analyzed the relationship between pCR, adjusted for confounding variables (i.e., age, sex, cancer type
and staging). A significance level of < 0.05 was used for all tests.
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Figure 1

Time to Surgery and Its Impact on Pathological Complete Response in Esophageal Cancer
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