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Simple Summary: After esophageal resection for cancer, severe postoperative complications (SPCs)
have been reported in up to 20% of patients. These are associated with prolonged hospital stay,
augmented costs, need for supplementary treatments, and increased 90-day mortality. The global
effect of SPCs on long-term survival after esophagectomy is discussed, whereas, in the current liter-
ature, it is not frequently covered. The present systematic review and individual patient data meta-
analysis suggests a statistically significant detrimental effect of SPCs on 5-year overall survival in
patients undergoing curative esophagectomy for cancer. Also, a clinical trend toward reduced 5-
year cancer specific survival and disease-free survival was perceived.

Abstract: Background. Severe postoperative complications (SPCs) may occur after curative esoph-
agectomy for cancer and are associated with prolonged hospital stay, augmented costs, and in-
creased in-hospital mortality. However, the effect of SPCs on survival after esophagectomy is un-
certain. Aim. To assess the impact of severe postoperative complications (SPCs) on long-term sur-
vival following curative esophagectomy for cancer, we conducted a systematic search of PubMed,
MEDLINE, Scopus, and Web of Science databases up to December 2023. The included studies ex-
amined the relationship between SPCs and survival outcomes, defining SPCs as Clavien-Dindo
grade > 3. The primary outcome measure was long-term overall survival (OS). We used restricted
mean survival time difference (RMSTD) and 95% confidence intervals (Cls) to calculate pooled effect
sizes. Additionally, we applied the GRADE methodology to evaluate the certainty of the evidence.
Results. Ten studies (2181 patients) were included. SPCs were reported in 651 (29.8%) patients. The
RMSTD overall survival analysis shows that at 60-month follow-up, patients experiencing SPCs
lived for 8.6 months (95% Cis —12.5, —4.7; p <0.001) less, on average, compared with no-SPC patients.
No differences were found for 60-month follow-up disease-free survival (-4.6 months, 95% Cls
-11.9, 1.9; p = 0.17) and cancer-specific survival (6.8 months, 95% Cls -11.9, 1.7; p = 0.21). The
GRADE certainty of this evidence ranged from low to very low. Conclusions. This study suggests a
statistically significant detrimental effect of SPCs on OS in patients undergoing curative esophagec-
tomy for cancer. Also, a clinical trend toward reduced CSS and DFS was perceived.
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1. Introduction

Esophageal cancer is the sixth most common cause of neoplasm-related mortality
worldwide, accounting for 5.6% of cancer-related mortality [1-3]. Surgery is the mainstay
of treatment for both early and locally advanced resectable diseases [4-6]. Regardless of
recent improvements in surgical techniques, preoperative risk assessment, and refined
perioperative management, morbidity after esophagectomy remains substantial, even in
high-volume centers [7-9]. Severe postoperative complications (SPCs) have been reported
in up to 20% of patients and are associated with prolonged hospital stay, augmented costs,
need for supplementary treatments, and increased 90-day mortality [10-15].

The impact of SPCs on survival after esophagectomy is still discussed because strong
evidence is missing [16-26]. Hence, the purpose of this investigation was to assess the
influence of SPCs on long-term survival after curative esophagectomy for cancer using a
multivariate method for the meta-analysis of restricted mean survival time difference
(RMSTD) with individual patient data (IPD).

2. Materials and Methods

A systematic review was reported according to the Preferred Reporting Items for
Systematic Review and Meta-Analyses (PRISMA 2020) guidelines [27]. PubMed, Scopus,
MEDLINE, Cochrane Central Library, Web of Science, and ClinicalTrials.gov were used
[28] using the following Medical Subject Heading (MeSH) search terms: esophageal neo-
plasm, esophageal cancer, esophageal tumor, complication, postoperative compl*, Cla-
vien-Dindo, survival, overall surv*, cancer-specific survival, and disease-free survival. Ar-
ticles published from 1 January 2000 to 31 December 2023 were screened, together with
the relevant references. A manual cross-reference search of the eligible papers was per-
formed to identify additional important papers. This study is based on previously pub-
lished studies and therefore did not require any additional ethical approval. The study
was registered with PROSPERO (CRD42023453685).

2.1. Eligibility Criteria

Inclusions criteria: (a) studies reporting Kaplan—-Meier curves comparing the effect of
SPCs vs. no SPCs on survival in patients who underwent curative esophagectomy for can-
cer, (b) studies reporting data on overall survival (OS), cancer-specific survival (CSS), or
disease-free survival (DFS). Exclusion criteria: (a) studies with mixed population survival
data, (b) patients stratified according to complications classification other than Clavien—
Dindo (CD), (c) editorials, (d) review articles, (e) case reports, and (f) studies involving
fewer than 20 cases.

2.2. Selection Process

Three independent reviewers (MM, GG, and JG) conducted a literature review sepa-
rately, adhering to the established inclusion criteria. Initial screening based on the title
and abstract was carried out using the Rayyan Intelligent Systematic Review tool, fol-
lowed by a full review of the eligible articles. Upon the removal of duplicates, any disa-
greements were resolved by two additional blinded reviewers (AA and DB).

2.3. Data Extraction

The reviewers (MM, GG, and JG) independently analyzed and recorded data using
pro forma tables on Google Sheets, each filling out predetermined variables. These varia-
bles encompassed various aspects of the study, including author, publication year, coun-
try, inclusion/exclusion criteria, study design, population demographics (such as number,
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age, sex, body mass index, American Society of Anesthesiologists physical status), tumor
characteristics (histology, location, neoadjuvant and adjuvant therapy), surgical treatment
details (surgical approach, anastomotic technique, lymphadenectomy fields, pathologic
tumor staging, and residual tumor classification), and postoperative complications out-
comes according to the Clavien-Dindo (CD) classification. Kaplan-Meier curves related
to the outcomes of interest were also collected alongside these data. Subsequently, two
other authors (AA and GB) compared all the data at the conclusion of the review process
to identify and resolve any discrepancies.

2.4. Outcomes and Definitions

The primary outcome of the study was overall survival (OS), with disease-free sur-
vival (DFS) and cancer-specific survival (CSS) considered as secondary outcomes. OS was
defined as the duration from surgery to the last known follow-up and death from any
cause. CSS was defined as the time from diagnosis to death specifically attributed to
esophageal cancer. DFS was defined as the interval from surgical resection to local recur-
rence. Survival data were derived from Kaplan—-Meier survival curves. Postoperative com-
plications were graded according to the CD classification with the following grades:
Grade 0 for no complications, Grade 1 for deviations from normal postoperative course
without medical intervention, Grade 2 for complications requiring pharmacological treat-
ment, Grade 3 for complications necessitating surgical, endoscopic, or radiological inter-
vention (3a not requiring general anesthesia, 3b requiring general anesthesia), Grade 4 for
life-threatening complications requiring intensive care unit management, and Grade 5 for
death [29]. SPCs were defined as the presence of a CD complication graded more or equal
to 3, whereas no SPCs were defined as CD <2 [21,22,26].

2.5. Quality Assessment and Assessment of Certainty of Evidence

The methodological quality of the included studies was independently assessed by
three authors (MM, AA, and GB) using the ROBINS-I tool for observational studies [30].
This tool evaluates various domains, including confounding bias, selection bias, classifi-
cation bias, intervention bias, missing data bias, outcomes measurement bias, and report-
ing bias, each categorized as a “Low”, “Moderate”, “Serious”, or “Critical” risk of bias.
The overall judgment for each study falls into one of four categories: low, moderate, seri-
ous, or critical risk of bias. Furthermore, we utilized the Grading of Recommendations,
Assessment, Development, and Evaluation (GRADE) tool to evaluate the quality of evi-
dence across studies. GRADE evidence profiles were created for each comparison and
outcome using GRADEpro (https://www.gradepro.org (accessed on 15 January 2024). The
certainty of the evidence is determined by assessing the risk of bias across studies, as well
as incoherence, indirectness, imprecision, publication bias, and other relevant parameters.

2.6. Statistical Analysis

The results of the systematic review were qualitatively summarized and synthesized
into a frequentist meta-analysis of restricted mean survival time difference (RMSTD)
based on several studies [31-33]. To accomplish this, individual patient time-to-event data
were reconstructed from Kaplan—-Meier curves following the method outlined by Guyot
[34]. The Kaplan—-Meier curves were digitized using specialized software (Get Data Graph
Digitizer —http://getdata-graph-digitizer.com (accessed on 30 January 2024). The compu-
tation of the RMSTD involved a random effect multivariate meta-analysis that leveraged
strength across different time points, with a within-trial covariance matrix derived via
bootstrapping (1000 iterations) and a restriction time of 60 months. Additionally, utilizing
individual patient data (IPD), a flexible hazard-based regression model was employed,
incorporating a normally distributed random intercept. In this model, the baseline hazard
was represented by the exponential of a B-spline of degree 3 with no interior knots, and
model selection was guided by the Akaike Information Criterion (AIC). The time-
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dependent effects of surgical treatment were parameterized as interaction terms between
surgical treatment and baseline hazard, with statistical significance assessed using the
likelihood ratio test. Two-sided p values were deemed statistically significant when below
0.05, and confidence intervals were computed at the 95% level. All analyses were con-
ducted using the R software application (version 3.2.2; R Foundation, Vienna, Austria)
[35,36].

3. Results
3.1. Systematic Review

The selection process flowchart, depicted in Figure 1, illustrates the study selection.
Initially, 1975 publications were screened following the removal of duplicates, resulting
in 123 articles undergoing full-text review. Following thorough evaluation, eleven obser-
vational papers satisfied both the inclusion and exclusion criteria and were subsequently
included in the quantitative analysis. The quality of the included studies is listed in Sup-
plementary Table S1.

() Records identified through PubMed,
= MEDLINE, EMBASE, Scopus, Web of
2 Science, Cochrane Central library,
] Google scholar, and ClinicalTrials.gov
E database and article references
E (n =1975)
—
. Excluded
Duplicate studies
@=9)
* Excluded
E Title screened Studies not concerning the topic or not
§ (n=1956) reporting the predefined outcomes,
5 reviews and meta-analyses,
2 - 5 commentaries, editorials, letters,
v congress abstracts
(n=1833)
Full-text articles
assessed for eligibility
— (n=123)
Excluded
) . No comparison, same group/research
* center, same dataset
= Studies included in the (n=113)
= systematic review
3 (n=10)
£
—

Figure 1. The PRISMA (Preferred Reporting Items for Systematic Reviews checklist (File S1) dia-
gram.

Overall, 2181 patients undergoing esophagectomy for cancer were incorporated for
quantitative synthesis (Table 1). SPCs were reported in 651 (29.8%) patients. The patients’
age ranged from 32 to 86, the majority were males (83.5%), preoperative BMI ranged from
18 to 38, and 14% of subjects were ASA score > 3. Squamous cell carcinoma (51.8%) and
adenocarcinoma (46.3%) were the most frequently reported tumor histology. Tumor loca-
tion was reported in seven studies (1493 patients) and distributed in the distal esopha-
gus/esophagogastric junction (68.9%), thoracic (25.1%), and cervical (6%) esophagus
[16,17,19,20,22-24]. Neoadjuvant chemoradiation treatment was performed in 75% of pa-
tients with different protocols and regimens. Minimally invasive, hybrid, and open Ivor
Lewis or McKeown esophagectomy were reported. Two-field and three-field lymphade-
nectomy were described, whereas anastomotic techniques were heterogeneous among the
included studies, mainly depending on operating surgeon preferences. Pathological tu-
mor stage, as classified by the sixth, seventh, and eighth editions of the American Joint
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Committee on Cancer, was reported in five studies encompassing 1129 patients. The distri-
bution of tumor stages was as follows: stage 0-I accounted for 25%, stage II for 29%, stage
III for 41%, and stage IV for 5% of the patients [16,20,21,23,26].



Cancers 2024, 16, 1468

7 of 16

Table 1. Summary of the demographic, clinical, and operative data for patients undergoing curative esophagectomy for cancer: Ret: retrospective; yrs: years; SCC:
squamous cell carcinoma; ADK: adenocarcinoma; U: upper esophagus; M: medium esophagus; L: lower esophagus; pStage: pathologic tumor stage, reported
according to the 6th, 7th, and 8th editions of the American Joint Committee on Cancer (AJCC); Hyb: hybrid esophagectomy; MIE: minimally invasive esophagectomy;
nr: not reported The data are presented as numbers, mean + standard deviation, and median (range).

Study No. Sex Age Tumor Histology Location Neoadjuvant pStage pStage

Author, Year Country Design Pts M (yrs) (SCC-ADK-Other) (U-M-I) Treatment pStage 0-1 pStage II I v Surgical Approach
D’annoville et al., 2012 [17] France Ret 341 286 60.1 +10 127-214-0 14-77-250 179 nr nr nr nr Open
Xia et al., 2013 [20] USA Ret 237 195 62 (32-86) 36-201-0 5-17-215 155 90 84 52 11 Open/MIE
Lucetal.,, 2015 [22] France Ret 116 106 64.6 (40-79) 0-106-0 0-0-116 106 nr nr nr nr Open
Yamashita et al., 2016 [26] Japan  Ret 255 220 65 (35-85) 255-0-0 nr 255 49 76 120 10 Open/Hybrid
Aahlin et al., 2016 [25] Norway Ret 331 nr nr nr nr nr nr nr nr nr nr
Li et al., 2017 [19] China  Ret 214 170 60.2+8.1 214-0-0 41-152-21 nr nr nr nr nr Hybrid/MIE
Kiyozumietal., 2018 [24] Japan Ret 50 46 nr 50-0-0 8-40-2 50 nr nr nr nr Open
Bundred et al., 2020 [16] UK Ret 430 342 649+94 70-337-23 0-24-368 nr 89 95 232 9  Open/Hybrid /MIE
Yamamoto et al., 2020 [21] Japan  Ret 102 92 nr 102-0-0 nr 42 28 30 31 13 Open/Hybrid

Kurokawa et al., 2020 [23]

Japan Ret 105 88 63.6+7.8 105-0-0 20-52-33 105 20 39 27 5 Open/Hybrid
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3.2. Meta-Analysis — Overall Survival (OS)

The RMSTD clinical appraisal was estimated from six studies with a 5-year minimum
follow-up [16,20,22-25]. Table 2 and the graphical representation (Figure 2) display the
restricted mean survival time difference (RMSTD) and time horizons for overall survival
(OS). The multivariate meta-analysis revealed an RMSTD estimate of —-1.4 months at 12
months (95% Cls -2.4, -0.4), indicating that patients experiencing SPCs live 1.4 months
less than those not experiencing SPCs. At 24-month follow-up (t2), the combined effect
from the RMSTD estimate is -3.4 months (95% ClIs —4.6, -2.1). At 36-month follow-up (t3),
the combined effect from the multivariate meta-analysis with analytically derived covari-
ance indicates an RMSTD of -5.8 months (95% Cls —7.7, -3.9). Similarly, at 48-month fol-
low-up (t4), the combined effect is 7.4 months (95% Cls -10.1, -4.7), and at 60-month
follow-up (t5), the combined effect is =8.6 months (95% Cls -12.5, -4.7). Figure 3 illustrates
the estimated pooled overall survival (OS) for patients with and without SPCs.

Table 2. The restricted mean survival time difference (RMSTD) for overall survival at different time
horizons for SPCs vs. no SPCs. SE—standard error; 95% Cis— confidence intervals; mos—months.

Time Horizon No. Trials RMSTD (mos) SE 95% Cls p Value
12-month 6 -14 0.5 -2.4,-04 0.008
24-month 6 -3.4 0.6 -4.6,-2.1 <0.001
36-month 5 -5.8 0.9 -7.7,-3.9 <0.001
48-month 5 -7.4 14 -10.1, -4.7 <0.001
60-month 3 -8.6 1.9 -12.5,-4.7 <0.001

triall
trial2
trial3
trial4
trials
trialé

—— Muttivariate, analytic covariance

—a Multivariate, bootstrap covariance

—a— Univariate, flexible parametric model estimates
—— Univariate, available data

LU Ly

T T T T T
12 24 36 48 60

Time (mos)

Figure 2. Restricted mean survival time difference (RMSTD) for OS. Each color represents a single
study. The pooled RMSTD with relative 95% CIs using different statistical methods estimation is
represented by black points (triangle, circle). Figure legend: X-axis represents the time in months
(mos); Y-axis represents the RMSTD analysis for each included study.
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Figure 3. Estimated pooled OS (Y-axis) for SPC (red line) and no-SPC (black line) patients. Time (X-
axis) is expressed in months.

3.3. Secondary Outcomes—CSS/DFS

The clinical DFS and CSS evaluation of the RMSTD was based on six and three stud-
ies, respectively [16,17,19,21-24,26]. The estimation of cancer-specific survival (CSS) at dif-
ferent time horizons is detailed in Table 3. At 5 = 60-month, the multivariate meta-analysis
yields a combined estimate of —6.8 months (95% Cls from -11.9 to 1.7), suggesting that
SPCs do not appear to have a significant effect on long-term CSS. Similarly, the estimation
of disease-free survival (DFS) at different time horizons is detailed in Table 4. At t5 = 60-
month, the multivariate meta-analysis provides a combined estimate of 4.6 months (95%
CIs from —11.9 to 1.9), indicating that SPCs also do not seem to have a substantial effect on
long-term DFS. The estimated pooled CSS and DFS curves for patients with no SPCs and
SPCs are depicted in Supplementary Figures S1 and S2. Using the GRADE tool, the cer-
tainty of the evidence for the assessed outcomes was rated between very low and low due

to concerns regarding confounding bias, inconsistency, and imprecision (Supplementary
Table S2).

Table 3. The restricted mean survival time difference (RMSTD) for cancer-specific survival at differ-
ent time horizons for SPCs vs. no SPCs. SE —standard error; 95% Cis—confidence intervals; mos—
months.

Time Horizon No. Trials RMSTD (mos) SE 95% Cls p Value
12-month 3 -0.7 0.3 -1.2,-0.2 0.009
24-month 3 -1.9 1.1 -4.0,0.3 0.09
36-month 3 -3.3 1.9 -7.0,0.4 0.08
48-month 3 -3.9 3.1 -10.1,2.3 0.22
60-month 2 —6.8 2.6 -11.9,1.7 0.21




Cancers 2024, 16, 1468

10 of 16

Table 4. The restricted mean survival time difference (RMSTD) for disease-free survival at different
time horizons for SPCs vs. no SPCs. SE—standard error; 95% Cis—confidence intervals; mos—
months.

Time Horizon No. Trials RMSTD (mos) SE 95% Cls p Value
12-month 6 -0.6 0.4 -1.4,0.2 0.13
24-month 6 2.3 0.9 -4.2,-0.5 0.01
36-month 6 -3.7 1.6 -6.8, -0.5 0.02
48-month 6 4.4 24 -9.2,0.3 0.06
60-month 3 —4.6 3.3 -11.1,1.9 0.16

4. Discussion

This study shows that 5-year OS was reduced by 8.6 months on average in patients
experiencing SPCs after esophagectomy, whereas a clinical trend toward worse CSS and
DFS was noticed.

Complications following esophageal cancer surgery remain a major concern, with
over 50% of patients experiencing them [37]. The most commonly reported complications
include leakages at the anastomosis, heart rhythm anomalies, pneumonia/aspiration, chy-
lothorax, and recurrent nerve damage [15,38]. Various factors contribute to these compli-
cations, including age, health conditions, nutritional status, prior chemoradiation therapy,
surgical technique, and extent of lymph node dissection [39]. Timely identification and
treatment of these complications are crucial for improving patient outcomes and their
quality of life [40,41]. Managing these complications typically involves a collaborative ef-
fort among surgeons, gastroenterologists, oncologists, nutritionists, and physical thera-
pists [42]. Close monitoring after surgery, including clinical assessments, lab tests (i.e., C-
reactive protein), and imaging, aids in early detection and intervention [14]. These com-
plications significantly impact recovery and quality of life, leading to physical symptoms
like pain, swallowing difficulties, and fatigue, as well as psychological challenges such as
anxiety and depression [43]. Further, they may prolong hospital stays, necessitate further
treatments, and increase healthcare expenses, putting a strain on both patients and
healthcare systems [44,45]. In these patients, adequate postoperative nutritional support
is crucial for promoting wound healing, immune function, and overall recovery. This
might involve supplements, feeding tubes, or dietary guidance to address malnutrition
and support healing. Physical therapy and rehabilitation are integral for restoring func-
tion and quality of life post-esophagectomy. Finally, rehabilitation programs focusing on
respiratory exercises and mobility aid in avoiding muscle wasting, thus regaining strength
and independence [46]. We categorized postoperative complications according to the Cla-
vien-Dindo classification, defining SPCs as those with a grade >3. Consistent with previ-
ous findings, our study estimated an incidence of SPCs at 29%. SPCs are associated with
even worse short-term outcomes, longer hospital stays, increased costs, higher reopera-
tion rates, and diminished quality of life [47].

The survival percentages after esophagectomy for cancer can vary depending on sev-
eral factors, including age, general comorbidities, the stage of cancer at the time of sur-
gery, smoke status, active alcohol consumption, histological type, tumor grading, tumor
length >2 cm at the time of diagnosis, extent of lymphadenectomy, poor pathological re-
sponse, intraoperative R1, postoperative transfusion requirements, hospital volumes, and
experience of the operating surgeon [48-56]. Previously, the 5-year survival rate following
esophagectomy has typically been reported to be between 15% and 25% [57]. However, in
the last three decades, survival rates have progressively improved because enhanced of
screening programs with early cancer detection, advancements in surgical techniques (i.e.,
minimally invasive approaches), the implementation of prehabilitation and enhanced re-
covery after surgery pathways, neoadjuvant and/or adjuvant chemoradiation treatments
in patients with locally advanced disease, treatments focused on human epidermal
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growth factor 2 (HER-2) protein overexpression, gene amplification, and adjuvant immu-
notherapy protocols in PD-L1-positive patients [58-65].

The impact of postoperative complications and, in particular, of SPCs on long-term
oncological outcomes has been discussed for a long time, but this impact still remains
debated [7-9,66]. In a retrospective analysis conducted in 2004 at Memorial Sloan Ketter-
ing Cancer Center, involving 510 patients who underwent esophageal resection, those
without technical complications showed better overall survival compared to those with
such complications [67]. Similarly, a 2009 study at Leuven University Hospital found a
significant correlation between complication severity and time to tumor recurrence among
150 patients who underwent transthoracic esophagectomy [18]. Another retrospective
analysis in 2008 by Lagarde et al. concluded that postoperative complications inde-
pendently correlate with a shorter interval to death from recurrence among 191 patients
who succumbed to tumor recurrence [68]. Conversely, a 2006 study involving 522 patients
undergoing thoracic esophagus and GE carcinoma resection suggested that long-term
prognosis primarily hinges on tumor characteristics and is unaffected by surgical compli-
cations [69]. Similarly, a retrospective 2006 analysis performed at the University of Hong
Kong Medical Centre involving 434 patients undergoing esophagectomy for squamous
cell carcinoma reported no impact on long-term survival among patients with surgical
complications [70]. Further, a retrospective 2020 review from the UK including 1100 pa-
tients undergoing esophagectomy or gastrectomy concluded that SPCs reduce median OS
and DFS [71]. Another prospective Swedish database study of 567 patients demonstrated
that the adjusted hazard ratio of mortality was modestly increased in patients who had a
surgical complication, and therefore may be an independent predictor of long-term sur-
vival [72]. Finally, Fransen et al. showed in a 915-patient retrospective multicenter study
that overall complications after minimally invasive esophagectomy seem to not be associ-
ated with a detrimental impact on overall long-term survival [47].

In our study, we observed that SPCs seem to be associated with a reduced 5-year life-
expectancy of 8 months compared to patients not experiencing SPCs. This is similar to
what has been previously reported by Luc et al., who defined reduced 5-year OS in pa-
tients suffering from SPCs after esophagectomy (p = 0.006) [22]. Similarly, Kiyozumi et al.
and Bundred et al. observed significantly reduced long-term OS rates in patients experi-
encing SPCs [16,24]. In contrast, Yamamoto et al. reported no statistically significant sur-
vival difference in the long-term (50% vs. 49%) [21]. Different hypotheses could possibly
explain this finding. Complications may lead to physiological stress, the activation of pa-
tients” immune system, and systemic inflammation with the production of proinflamma-
tory cytokines such as interleukin (IL)-6 and IL-8. This mechanism has been theorized to
reduce the immune system’s capacity to suppress tumor recurrence. Additionally, inflam-
matory pathways have been shown to facilitate micro-metastases tumor growth with in-
creased risk for local and distant metastases [73-79]. These mechanisms may be further
amplified by transient immunodepression induced by additional invasive procedure
sometimes required to treat SPCs [80-83]. Second, the decline in overall patient health
caused by SPCs may lead to delays or reduced tolerance to adjuvant treatments. Interest-
ingly, a recently published study reported that less than 30% of patients eligible for adju-
vant treatment that experienced SPCs effectively received it [84]. Third, the onset of SPCs
in patients with comorbidities may increase the risk of postoperative non-cancer-related
mortality [85]. Notably, no statistically significant differences were detected in DFS and
CSS up to 60-month follow-up. This is similar to Li et al., who did not show a significant
effect of SPCs on 5-year CSS survival (43.2% vs. 43.5%) after minimally invasive esoph-
agectomy [19]. Similarly, D’annoville et al. (p = 0.354) did not report significant long-term
DEFS differences [17]. In contrast, Luc et al. and Yamashita et al. described significantly
reduced 5-year DFES (p = 0.045) and CCS (p = 0.016) in patients experiencing SPCs, respec-
tively [22,26]. Despite the lack of statistical significance, a clinical trend toward reduced
CSS (-6.8 months) and DFS (—4.6 months) was noticed in patients experiencing SPCs. The
lack of statistical significance may be the effect of a statistical incongruity or may be
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correlated to the small number of studies analyzing data for DFS and CSS. Therefore, since
the exclusive interpretation of OS data may be misleading because of the inclusion of non-
cancer deaths, future studies should predominantly explore the effect of SPCs on CSS and
DES.

The GRADE certainty of this evidence ranged from low to very low; therefore, some
concerns should be pondered while inferring our results. First, the variability in the re-
porting postoperative complications according to the Clavien-Dindo classification was
high. Therefore, reporting bias and interstudy heterogeneity should be considered. The
utilization of a generalized postoperative complication grading system, such as the Cla-
vien-Dindo, may dilute the real impact of specific complications such as anastomotic leak
and pulmonary complication. Therefore, focusing on definite complications rather than a
generalized classification system could provide more useful insights. Notably, two recent
meta-analyses defined the negative impact of both anastomotic leak and pulmonary com-
plications after esophagectomy [10,13]. Specifically, Aiolfi et al. suggest a clinical impact
of AL on long-term OS after esophagectomy, with significantly reduced 60-month OS in
patients experiencing postoperative anastomotic leak (4.2 months; p < 0.001). Similarly,
Manara et al. analyzed the effect of postoperative pulmonary complications and showed
that patients not experiencing PC live for an average of 8.5 (95% ClIs 6.2-10.8; p < 0.001)
months longer compared with those with PC at 60-month follow-up. Also, patients not
experiencing postoperative PC seem to have significantly longer CSS (8 months; p <0.001)
and DEFS (5.4 months; p = 0.005). Second, all studies were from tertiary-level centers; the
management of postoperative complications in high-volume centers with multidiscipli-
nary facilities has been shown to be more effective through early recognition/treatment
and consequent reduction in “failure to rescue” rates. Therefore, timely and effective post-
operative complication management could mitigate the effects of SPCs on survival
[41,86,87]. Third, the level of immune system compromise with micro-metastasis, neutro-
phils traps, and disease recurrence facilitation might also depend on the cumulative effect
of multiple complications and duration with the persistent activation of the septic/inflam-
matory status [79]. Fourth, neoadjuvant and adjuvant therapies changed over the study
period; therefore, this potential additional bias should be measured [60,88].

The principal strength of the present IPD analysis is the appraisal of long-term sur-
vival using the RMSTD methodology. RMSTD is gaining increasing consensus in clinical
oncology as it is a robust and interpretable tool for assessing survival benefit, thus allow-
ing, in the present analysis, for an estimation of the SPCs effect during follow-up. It
matches the area under the Kaplan-Meier survival curves and is easier to understand
compared to RR and HR, which may be misinterpreted because both suppose a constant
risk during follow-up. We acknowledge that our study does have some limitations related
to baseline heterogeneity (i.e., patient demographics, comorbidities, etc.) the and non-uni-
form reporting of oncologic data (i.e., histology, staging, grading, adjuvant treatments
compliance, heterogeneous multidisciplinary perioperative care teams, or enhanced re-
covery after surgery programs). Our results should not be generalized because the sample
was principally from Eastern centers, with a possible impact of tumor epidemiology and
genomic characterization [89]. The different surgical approaches (i.e., open, hybrid, totally
minimally invasive esophagectomy) and operating surgeon expertise/learning curve may
have an effect on the incidence of SPCs [90,91]. Unfortunately, all the included studies
graded postoperative complications based on the Clavien-Dindo classification, which is
not the current standard for assessing esophagectomy-related morbidity and mortality.
The contemporary benchmark, introduced in 2015 by the Esophageal Complications Con-
sensus Group (ECCG), is now mostly accepted [15,92].

5. Conclusions

Our study suggests a statistically significant impact of SPCs on OS in patients under-
going curative esophagectomy for cancer. Also, a clinical trend toward reduced CSS and
DFS was perceived. Since the existing evidence is not conclusive, robust and well-
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designed prospective studies are needed to further explore the effect of SPCs on CSS and
DFS.

Supplementary Materials: The following supporting information can be downloaded at:
https://www.mdpi.com/article/10.3390/cancers16081468/s1, Figure S1. Estimated pooled CSS (Y-
axis) for SPC (red line) and no-SPC (black line) patients. Time (X-axis) is expressed in months. Figure
52. Estimated pooled DFS (Y-axis) for SPC (red line) and no-SPC (black line) patients. Time (X-axis)
is expressed in months. Table S1. Quality assessment of the included studies (ROBINS-I tool). Each
domain is evaluated with one of the following: low, moderate, serious, and critical. The categories
of judgement for each study are low, moderate, serious, and critical risk of bias. Table S2. The
GRADE certainty of evidence. File S1: Systematic Reviews checklist.

Author Contributions: A.A., M.M., G.G,, F.L. and M.C. performed the literature search. A.A., D.B,,
A.B., G.C. and L.B. formed the study design. Data collection was performed by A.A.,, M.M., G.B,,
and J.G.; P.G.B. A.A,, L.B. and D.B. analyzed the data. A.A., L.B. and D.B. interpreted the data. A.A.,
D.B. and L.B. wrote the manuscript. All authors have read and agreed to the published version of
the manuscript.

Funding: This research received no external funding.

Data Availability Statement: Data generated at a central, large-scale facility are available upon re-
quest from the corresponding author.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1.

10.

11.

12.

Sung, H.; Ferlay, J.; Siegel, R.L.; Laversanne, M.; Soerjomataram, I.; Jemal, A.; Bray, F. Global Cancer Statistics 2020: GLOBOCAN
Estimates of Incidence and Mortality Worldwide for 36 Cancers in 185 Countries. CA Cancer ]. Clin. 2021, 71, 209-2409.
https://doi.org/10.3322/CAAC.21660.

Liu, C.Q.; Ma, Y.L,; Qin, Q.; Wang, P.H.; Luo, Y.; Xu, P.F.; Cui, Y. Epidemiology of Esophageal Cancer in 2020 and Projections
to 2030 and 2040. Thorac. Cancer 2023, 14, 3. https://doi.org/10.1111/1759-7714.14745.

Siegel, R.L.; Miller, K.D.; Fuchs, H.E. Jemal, A. Cancer Statistics, 2022. CA Cancer ]. Clin. 2022, 72, 7-33.
https://doi.org/10.3322/CAAC.21708.

Donlon, N.E.; Moran, B.; Kamilli, A.; Davern, M.; Sheppard, A.; King, S.; Donohoe, C.L.; Lowery, M.; Cunningham, M.; Ravi,
N.; et al. Cross versus Flot Regimens in Esophageal and Esophagogastric Junction Adenocarcinoma a Propensity-Matched Com-
parison. Ann. Surg. 2022, 276, 792-798. https://doi.org/10.1097/SLA.0000000000005617.

Lordick, F.; Mariette, C.; Haustermans, K.; Obermannova, R.; Arnold, D.; on behalf of the ESMO Guidelines Committee, clini-
calguidelines@esmo org. Oesophageal Cancer: ESMO Clinical Practice Guidelines for Diagnosis, Treatment and Follow-Up.
Ann. Oncol. 2016, 27, v50-v57. https://doi.org/10.1093/annonc/mdw329.

Bonavina, L.; Asti, E.; Sironi, A.; Bernardi, D.; Aiolfi, A. Hybrid and Total Minimally Invasive Esophagectomy: How I Do It. J.
Thorac. Dis. 2017, 9, S761-S772.

van der Wilk, B.J.; Hagens, E.R.C.; Eyck, B.M.; Gisbertz, S.S.; van Hillegersberg, R.; Nafteux, P.; Schroder, W.; Nilsson, M.;
Wijnhoven, B.P.L.; Lagarde, S.M.; et al. Outcomes after Totally Minimally Invasive versus Hybrid and Open Ivor Lewis Oe-
sophagectomy: Results from the International Esodata Study Group. Br. J. Surg. 2022, 109, 283-290.
https://doi.org/10.1093/BJS/ZN AB432.

Viklund, P.; Lindblad, M.; Lu, M.; Ye, W.; Johansson, J.; Lagergren, J. Risk Factors for Complications After Esophageal Cancer
Resection: A Prospective = Population-Based  Study in  Sweden.  Ann. Surg. 2006, 243,  204.
https://doi.org/10.1097/01.SLA.0000197698.17794.EB.

Markar, S.R.; Zaninotto, G.; Castoro, C.; Johar, A.; Lagergren, P.; Elliott, ].A.; Gisbertz, S.S.; Mariette, C.; Alfieri, R.; Huddy, J.; et
al. Lasting Symptoms After Esophageal Resection (LASER): European Multicenter Cross-Sectional Study. Ann. Surg. 2022, 275,
E392-E400. https://doi.org/10.1097/SLA.0000000000003917.

Aiolfi, A.; Griffiths, E.A.; Sozzi, A.; Manara, M.; Bonitta, G.; Bonavina, L.; Bona, D. Effect of Anastomotic Leak on Long-Term
Survival After Esophagectomy: Multivariate Meta-Analysis and Restricted Mean Survival Times Examination. Ann. Surg. Oncol.
2023, 30, 5564-5572. https://doi.org/10.1245/510434-023-13670-6.

Booka, E.; Takeuchi, H.; Suda, K.; Fukuda, K.; Nakamura, R.; Wada, N.; Kawakubo, H.; Kitagawa, Y. Meta-Analysis of the Impact
of Postoperative Complications on Survival after Oesophagectomy for Cancer. BJS Open 2018, 2, 276-284.
https://doi.org/10.1002/BJS5.64.

Nuytens, F.; Dabakuyo-Yonli, T.S.; Meunier, B.; Gagniére, J.; Collet, D.; D’Journo, X.B.; Brigand, C.; Perniceni, T.; Carrére, N.;
Mabrut, J.Y.; et al. Five-Year Survival Outcomes of Hybrid Minimally Invasive Esophagectomy in Esophageal Cancer: Results
of the MIRO Randomized Clinical Trial. JAMA Surg. 2021, 156, 323. https://doi.org/10.1001/JAMASURG.2020.7081.



Cancers 2024, 16, 1468 14 of 16

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Manara, M.; Bona, D.; Bonavina, L.; Aiolfi, A. Impact of Pulmonary Complications Following Esophagectomy on Long-Term
Survival: Multivariate Meta-Analysis and Restricted Mean Survival Time Assessment. Updates Surg. 2024, Online ahead of print.
https://doi.org/10.1007/S13304-024-01761-2.

Aiolfi, A.; Asti, E.; Rausa, E.; Bonavina, G.; Bonitta, G.; Bonavina, L. Use of C-Reactive Protein for the Early Prediction of Anas-
tomotic Leak after Esophagectomy: Systematic Review and Bayesian Meta-Analysis. PLoS ONE 2018, 13, e0209272.
https://doi.org/10.1371/journal.pone.0209272.

Low, D.E.; Kuppusamy, M.K,; Alderson, D.; Cecconello, I.; Chang, A.C; Darling, G.; Davies, A.; D’Journo, X.B.; Gisbertz, S.S.;
Griffin, S.M.; et al. Benchmarking Complications Associated with Esophagectomy. Ann. Surg. 2019, 269, 291-298.
https://doi.org/10.1097/SLA.0000000000002611.

Bundred, ].R.; Hollis, A.C.; Evans, R.; Hodson, J.; Whiting, J.L.; Griffiths, E.A. Impact of Postoperative Complications on Survival
after Oesophagectomy for Oesophageal Cancer. BJS Open 2020, 4, 405. https://doi.org/10.1002/B]S5.50264.

D’Annoville, T.; D’Journo, X.B.; Trousse, D.; Brioude, G.; Dahan, L.; Seitz, J.F.; Doddoli, C.; Thomas, P.A. Respiratory Compli-
cations after Oesophagectomy for Cancer Do Not Affect Disease-Free Survival. Eur. ]. Cardiothorac. Surg. 2012, 41, e66—e73.
https://doi.org/10.1093/EJCTS/EZS080.

Lerut, T.; Moons, J.; Coosemans, W.; Van Raemdonck, D.; De Leyn, P.; Decaluwé, H.; Decker, G.; Nafteux, P. Postoperative
Complications after Transthoracic Esophagectomy for Cancer of the Esophagus and Gastroesophageal Junction Are Correlated
with Early Cancer Recurrence: Role of Systematic Grading of Complications Using the Modified Clavien Classification. Ann.
Surg. 2009, 250, 798-806. https://doi.org/10.1097/SLA.0B013E3181BDD5AS.

Li, KK,; Wang, Y.J.; Liu, X.H.; Tan, Q.Y,; Jiang, Y.G.; Guo, W. The Effect of Postoperative Complications on Survival of Patients
after Minimally Invasive Esophagectomy for Esophageal Cancer. Surg. Endosc. 2017, 31, 3475-3482.
https://doi.org/10.1007/500464-016-5372-1/FIGURES/2.

Xia, B.T.; Rosato, E.L.; Chojnacki, K.A.; Crawford, A.G.; Weksler, B.; Berger, A.C. Major Perioperative Morbidity Does Not Affect
Long-Term Survival in Patients Undergoing Esophagectomy for Cancer of the Esophagus or Gastroesophageal Junction. World
J. Surg. 2013, 37, 408—415. https://doi.org/10.1007/500268-012-1823-6.

Yamamoto, M.; Shimokawa, M.; Yoshida, D.; Yamaguchi, S.; Ohta, M.; Egashira, A.; Ikebe, M.; Morita, M.; Toh, Y. The Survival
Impact of Postoperative Complications after Curative Resection in Patients with Esophageal Squamous Cell Carcinoma: Pro-
pensity Score-Matching Analysis. |. Cancer Res. Clin. Oncol. 2020, 146, 1351-1360. https://doi.org/10.1007/500432-020-03173-2/TA-
BLES/5.

Luc, G.; Durand, M.; Chiche, L.; Collet, D. Major Post-Operative Complications Predict Long-Term Survival after Esophagec-
tomy in Patients with Adenocarcinoma of the Esophagus. World ]. Surg. 2015, 39, 216-222. https://doi.org/10.1007/500268-014-
2754-1/TABLES/4.

Kurokawa, T.; Hamai, Y.; Emi, M.; Ibuki, Y.; Yoshikawa, T.; Ohsawa, M.; Hirohata, R.; Okada, M. Risk Factors for Recurrence in
Esophageal Squamous Cell Carcinoma Without Pathological Complete Response After Trimodal Therapy. Anticancer Res. 2020,
40, 4387-4394. https://doi.org/10.21873/ANTICANRES.14442.

Kiyozumi, Y.; Yoshida, N.; Ishimoto, T.; Yagi, T.; Koga, Y.; Uchihara, T.; Sawayama, H.; Hiyoshi, Y.; Iwatsuki, M.; Baba, Y.; et al.
Prognostic Factors of Salvage Esophagectomy for Residual or Recurrent Esophageal Squamous Cell Carcinoma After Definitive
Chemoradiotherapy. World ]. Surg. 2018, 42, 2887-2893. https://doi.org/10.1007/500268-018-4536-7/TABLES/2.

Aahlin, E.K,; Olsen, F.; Uleberg, B.; Jacobsen, B.K.; Lassen, K. Major Postoperative Complications Are Associated with Impaired
Long-Term Survival after Gastro-Esophageal and Pancreatic Cancer Surgery: A Complete National Cohort Study. BMC Surg.
2016, 16, 32. https://doi.org/10.1186/S12893-016-0149-Y.

Yamashita, K.; Makino, T.; Miyata, H.; Miyazaki, Y.; Takahashi, T.; Kurokawa, Y.; Yamasaki, M.; Nakajima, K.; Takiguchi, S.;
Mori, M; et al. Postoperative Infectious Complications Are Associated with Adverse Oncologic Outcomes in Esophageal Cancer
Patients Undergoing Preoperative Chemotherapy. Ann. Surg. Oncol. 2016, 23, 2106-2114. https://doi.org/10.1245/510434-015-
5045-7.

Page, M.].; McKenzie, ].E.; Bossuyt, P.M.; Boutron, I.; Hoffmann, T.C.; Mulrow, C.D.; Shamseer, L.; Tetzlaff, ] M.; Akl, E.A,;
Brennan, S.E.; et al. The PRISMA 2020 Statement: An Updated Guideline for Reporting Systematic Reviews. BM] 2021, 372, n71.
https://doi.org/10.1136/BM].N71.

Goossen, K.; Tenckhoff, S.; Probst, P.; Grummich, K.; Mihaljevic, A.L.; Biichler, M.W.; Diener, M.K. Optimal Literature Search
for Systematic Reviews in Surgery. Langenbecks Arch. Surg. 2018, 403, 119-129. https://doi.org/10.1007/500423-017-1646-X/MET-
RICS.

Dindo, D.; Demartines, N.; Clavien, P.A. Classification of Surgical Complications: A New Proposal with Evaluation in a Cohort
of 6336 Patients and Results of a Survey. Ann. Surg. 2004, 240, 205. https://doi.org/10.1097/01.SLA.0000133083.54934.AE.
Sterne, J.A.; Hernan, M.A ; Reeves, B.C.; Savovi¢, J.; Berkman, N.D.; Viswanathan, M.; Henry, D.; Altman, D.G.; Ansari, M.T.;
Boutron, I.; et al. ROBINS-I: A Tool for Assessing Risk of Bias in Non-Randomised Studies of Interventions. BMJ 2016, 355,
i4919. https://doi.org/10.1136/BM].14919.

Royston, P.; Parmar, M.K.B. Restricted Mean Survival Time: An Alternative to the Hazard Ratio for the Design and Analysis of
Randomized Trials with a Time-to-Event Outcome. BMC Med. Res. Methodol. 2013, 13, 152. https://doi.org/10.1186/1471-2288-13-
152.



Cancers 2024, 16, 1468 15 of 16

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

Wei, Y.; Royston, P.; Tierney, ].F.; Parmar, M.K.B. Meta-Analysis of Time-to-Event Outcomes from Randomized Trials Using
Restricted Mean Survival Time: Application to Individual Participant Data. Stat. Med. 2015, 34, 2881-2898.
https://doi.org/10.1002/SIM.6556.

Jackson, D.; White, LR.; Riley, R.D. A Matrix-Based Method of Moments for Fitting the Multivariate Random Effects Model for
Meta-Analysis and Meta-Regression. Biom. |. 2013, 55, 231-245. https://doi.org/10.1002/BIM].201200152.

Guyot, P.; Ades, A.E.; Ouwens, M.J.N.M.; Welton, N.J. Enhanced Secondary Analysis of Survival Data: Reconstructing the Data
from Published Kaplan-Meier Survival Curves. BMC Med. Res. Methodol. 2012, 12, 9. https://doi.org/10.1186/1471-2288-12-9.

R: A Language and Environment for Statistical Computing. Available online: https://www.gbif.org/tool/81287/r-a-language-
and-environment-for-statistical-computing (accessed on 2 March 2023).

Charvat, H.; Belot, A. Mexhaz: An R Package for Fitting Flexible Hazard-Based Regression Models for Overall and Excess Mor-
tality with a Random Effect. . Stat. Softw. 2021, 98, 1-36. https://doi.org/10.18637/]SS5.V098.114.

Schuring, N.; Jezerskyte, E.; van Berge Henegouwen, M.I; Sprangers, M.A.G.; Lagergren, P.; Johar, A.; Markar, S.R.; Gisbertz,
S.S.; Markar, S.R.; Zaninotto, G.; et al. Influence of Postoperative Complications Following Esophagectomy for Cancer on Qual-
ity of Life: A European Multicenter Study. Eur. ]. Surg. Oncol. 2023, 49, 97-105. https://doi.org/10.1016/J.E]SO.2022.07.020.
Kalata, S.; Singh, B.; Graham, N.; Fan, Z.; Chang, A.C; Lynch, W.R,; Lagisetty, K.H.; Lin, J.; Yeung, J.; Reddy, R.M.; et al. Epide-
miology of Postoperative Complications After Esophagectomy: Implications for Management. Ann. Thorac. Surg. 2023, 116,
1168-1175. https://doi.org/10.1016/]. ATHORACSUR.2023.09.004.

Bailey, S.H.; Bull, D.A; Harpole, D.H.; Rentz, J.J.; Neumayer, L.A.; Pappas, T.N.; Daley, J.; Henderson, W.G.; Krasnicka, B.;
Khuri, S.F.; et al. Outcomes after Esophagectomy: A Ten-Year Prospective Cohort. Ann. Thorac. Surg. 2003, 75, 217-222.
https://doi.org/10.1016/S0003-4975(02)04368-0.

Liou, D.Z.; Serna-Gallegos, D.; Mirocha, J.; Bairamian, V.; Alban, R.F.; Soukiasian, H.J. Predictors of Failure to Rescue after
Esophagectomy. Ann. Thorac. Surg. 2018, 105, 871-878.

Abdelsattar, Z.M.; Habermann, E.; Borah, B.].; Moriarty, ].P.; Rojas, R.L.; Blackmon, S.H. Understanding Failure to Rescue After
Esophagectomy in the United States. Ann. Thorac. Surg. 2020, 109, 865-871. https://doi.org/10.1016/j.athoracsur.

Fabbi, M.; Hagens, E.R.C.; Van Berge Henegouwen, M.I; Gisbertz, S.S. Anastomotic Leakage after Esophagectomy for Esopha-
geal Cancer: Definitions, Diagnostics, and Treatment. Dis. Esophagus 2021, 34, doaa039. https://doi.org/10.1093/dote/doaa039.
Jezerskyte, E.; van Berge Henegouwen, M.I;; van Laarhoven, HW.M.; van Kleef, ].J.; Eshuis, W.].; Heisterkamp, ].; Hartgrink,
H.H.; Rosman, C.; van Hillegersberg, R.; Hulshof, M.C.C.M.; et al. Postoperative Complications and Long-Term Quality of Life
After Multimodality Treatment for Esophageal Cancer: An Analysis of the Prospective Observational Cohort Study of Esopha-
geal-Gastric Cancer Patients (POCOP). Ann. Surg. Oncol. 2021, 28, 7259-7276. https://doi.org/10.1245/510434-021-10144-5.
Geller, A.D.; Zheng, H.; Gaissert, H.; Mathisen, D.; Muniappan, A.; Wright, C.; Lanuti, M. Relative Incremental Cost of Postop-
erative Complications of Esophagectomy. Semin. Thorac. Cardiovasc. Surg. 2019, 31, 290-299. https://doi.org/10.1053/].SEM-
TCVS.2018.10.010.

Lofgren, A,; Akesson, O.; Johansson, J.; Persson, J. Hospital Costs and Health-Related Quality of Life from Complications after
Esophagectomy. Eur. J. Surg. Oncol. 2021, 47, 1042-1047. https://doi.org/10.1016/].E]SO.2020.09.032.

Fumagalli Romario, U.; de Pascale, S.; Manara, M.; Colombo, S.; Attanasio, A.; Sabbatini, A.; Sandrin, F. Esophagectomy-Pre-
vention of Complications-Tips and Tricks for the Preoperative, Intraoperative and Postoperative Stage. Updates Surg. 2023, 75,
343-355. https://doi.org/10.1007/513304-022-01332-3.

Fransen, L.F.C; Berkelmans, G.H.K.; Asti, E.; van Berge Henegouwen, M.L; Berlth, F.; Bonavina, L.; Brown, A.; Bruns, C.; van
Daele, E.; Gisbertz, S.S.; et al. The Effect of Postoperative Complications after Minimally Invasive Esophagectomy on Long-Term
Survival an International Multicenter Cohort Study. Ann. Surg. 2021, 274, E1129-E1137.
https://doi.org/10.1097/SLA.0000000000003772.

Gaur, P.; Sepesi, B.; Hofstetter, W.L.; Correa, A.M.; Bhutani, M.S.; Watson, T.J.; Swisher, 5.G.; Ajani, ]J.A.; Erasmus, J.; Komaki,
R.; et al. Endoscopic Esophageal Tumor Length: A Prognostic Factor for Patients with Esophageal Cancer. Cancer 2011, 117, 63—
69. https://doi.org/10.1002/CNCR.25373.

McCain, R.S.; McManus, D.T.; McQuaid, S.; James, J.A.; Salto-Tellez, M.; Reid, N.B.; Craig, S.; Chisambo, C.; Bingham, V.; McCar-
ron, E.; et al. Alcohol Intake, Tobacco Smoking, and Esophageal Adenocarcinoma Survival: A Molecular Pathology Epidemiol-
ogy Cohort Study. Cancer Causes Control 2020, 31, 1-11. https://doi.org/10.1007/S10552-019-01247-2.

Abou Chaar, M.K,; Godin, A.; Harmsen, W.S.; Wzientek, C.; Saddoughi, S.A.; Hallemeier, C.L.; Cassivi, S.D.; Nichols, F.C,;
Reisenauer, J.S.; Shen, K.R; et al. Determinants of Long-Term Survival Decades After Esophagectomy for Esophageal Cancer.
Ann. Thorac. Surg. 2023, 116, 1036-1044. https://doi.org/10.1016/]. ATHORACSUR.2023.05.033.

Boshier, P.R; Ziff, C.; Adam, M.E.; Fehervari, M.; Markar, S.R.; Hanna, G.B. Effect of Perioperative Blood Transfusion on the
Long-Term Survival of Patients Undergoing Esophagectomy for Esophageal Cancer: A Systematic Review and Meta-Analysis.
Dis. Esophagus 2018, 31, dox134. https://doi.org/10.1093/DOTE/DOX134.

Petrelli, F.; Ghidini, M.; Ghidini, A.; Sgroi, G.; Vavassori, I; Petro, D.; Cabiddu, M.; Aiolfi, A.; Bonitta, G.; Zaniboni, A.; et al. Red
Blood Cell Transfusions and the Survival in Patients with Cancer Undergoing Curative Surgery: A Systematic Review and Meta-
Analysis. Surg. Today 2021, 51, 1535-1557. https://doi.org/10.1007/S00595-020-02192-3.

Markar, S.; Gronnier, C.; Duhamel, A.; Bigourdan, J.M.; Badic, B.; du Rieu, M.C,; Lefevre, ].H.; Turner, K.; Luc, G.; Mariette, C.
Pattern of Postoperative Mortality After Esophageal Cancer Resection According to Center Volume: Results from a Large Eu-
ropean Multicenter Study. Ann. Surg. Oncol. 2015, 22, 2615-2623. https://doi.org/10.1245/510434-014-4310-5.



Cancers 2024, 16, 1468 16 of 16

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.
74.

Bona, D.; Lombardo, F.; Matsushima, K.; Cavalli, M.; Lastraioli, C.; Bonitta, G.; Cirri, S.; Danelli, P.; Aiolfi, A. Three-Field versus
Two-Field Lymphadenectomy for Esophageal Squamous Cell Carcinoma: A Long-Term Survival Meta-Analysis. Surgery 2022,
171, 940-947.

Markar, S.R.; Lagergren, ]. Surgical and Surgeon-Related Factors Related to Long-Term Survival in Esophageal Cancer: A Re-
view. Ann. Surg. Oncol. 2020, 27, 718-723. https://doi.org/10.1245/510434-019-07966-9.

Khoushhal, Z.; Canner, J.; Schneider, E.; Stem, M.; Haut, E.; Mungo, B.; Lidor, A.; Molena, D. Influence of Specialty Training
and Trainee Involvement on Perioperative Outcomes of Esophagectomy. Ann. Thorac. Surg. 2016, 102, 1829-1836.
https://doi.org/10.1016/]. ATHORACSUR.2016.06.025.

Lagergren, J.; Smyth, E., Cunningham, D.; Lagergren, P. Oesophageal Cancer. Lancet 2017, 390, 2383-2396.
https://doi.org/10.1016/50140-6736(17)31462-9.

Dubecz, A.; Gall, L; Solymosi, N.; Schweigert, M.; Peters, ]. H.; Feith, M.; Stein, H.]. Temporal Trends in Long-Term Survival and
Cure Rates in Esophageal Cancer: A SEER Database Analysis. ]. Thorac. Oncol. 2012, 7, 443-447.
https://doi.org/10.1097/JTO.0B013E3182397751.

Griffin, S.M.; Jones, R.; Kamarajah, S.K.; Navidi, M.; Wahed, S.; Immanuel, A.; Hayes, N.; Phillips, A.W. Evolution of Esoph-
agectomy for Cancer Over 30 Years: Changes in Presentation, Management and Outcomes. Ann. Surg. Oncol. 2021, 28, 3011-
3022. https://doi.org/10.1245/510434-020-09200-3.

Van Hagen, P.; Hulshof, M.C.C.M.; Van Lanschot, ]J.].B.; Steyerberg, E.W.; Van Berge Henegouwen, M.I.; Wijnhoven, B.P.L.;
Richel, D.J.; Nieuwenhuijzen, G.A.P.; Hospers, G.A.P.; Bonenkamp, J.J.; et al. Preoperative Chemoradiotherapy for Esophageal
or Junctional Cancer. N. Engl. ]. Med. 2012, 366, 2074-2084.

Shapiro, J.; van Lanschot, ].J.B.; Hulshof, M.C.C.M.; van Hagen, P.; van Berge Henegouwen, M.I.; Wijnhoven, B.P.L.; van Laar-
hoven, H.W.M.; Nieuwenhuijzen, G.A.P.; Hospers, G.A.P.; Bonenkamp, J.J.; et al. Neoadjuvant Chemoradiotherapy plus Sur-
gery versus Surgery Alone for Oesophageal or Junctional Cancer (CROSS): Long-Term Results of a Randomised Controlled
Trial. Lancet Oncol. 2015, 16, 1090-1098. https://doi.org/10.1016/51470-2045(15)00040-6.

Steber, C.; Hughes, R.T.; McTyre, E.R.; Soike, M.; Farris, M.; Levine, B.].; Pasche, B.; Levine, E.; Blackstock, A.W. Cisplatin/5-
Fluorouracil (5-FU) Versus Carboplatin/Paclitaxel Chemoradiotherapy as Definitive or Pre-Operative Treatment of Esophageal
Cancer. Cureus 2021, 13, €12574. https://doi.org/10.7759/CUREUS.12574.

Prins, M.].D.; Ruurda, ].P.; van Diest, P.J.; van Hillegersberg, R.; ten Kate, F.].W. The Significance of the HER-2 Status in Esoph-
ageal Adenocarcinoma for Survival: An Immunohistochemical and an in Situ Hybridization Study. Ann. Oncol. 2013, 24, 1290—
1297. https://doi.org/10.1093/ ANNONC/MDS640.

Doki, Y.; Ajani, J.A.; Kato, K;; Xu, J.,; Wyrwicz, L.; Motoyama, S.; Ogata, T.; Kawakami, H.; Hsu, C.-H.; Adenis, A.; et al.
Nivolumab Combination Therapy in Advanced Esophageal Squamous-Cell Carcinoma. N. Engl. J. Med. 2022, 386, 449-462.
https://doi.org/10.1056/NEJMOA2111380.

van Putten, M.; de Vos-Geelen, ].; Nieuwenhuijzen, G.A.P.; Siersema, P.D.; Lemmens, V.E.P.P.; Rosman, C.; van der Sangen,
M.]J.C.; Verhoeven, R H.A. Long-Term Survival Improvement in Oesophageal Cancer in the Netherlands. Eur. ]. Cancer 2018, 94,
138-147. https://doi.org/10.1016/].EJCA.2018.02.025.

Broadbent, A.; Rahman, S.; Grace, B.; Walker, R.; Noble, F; Kelly, J.; Byrne, J.; Underwood, T. The Effect of Surgical Complica-
tions on Long-Term Prognosis Following Oesophagectomy. Eur. J. Surg. Oncol. 2023. https://doi.org/10.1016/.ejs0.2023.05.005.
Rizk, N.P.; Bach, P.B.; Schrag, D.; Bains, M.S.; Turnbull, A.D.; Karpeh, M.; Brennan, M.F.; Rusch, V.W. The Impact of Complica-
tions on Outcomes after Resection for Esophageal and Gastroesophageal Junction Carcinoma. J. Am. Coll. Surg. 2004, 198, 42—
50. https://doi.org/10.1016/]. JAMCOLLSURG.2003.08.007.

Lagarde, S.M.; Reitsma, J.B.; Maris, A.K.D.; van Berge Henegouwen, M.L; Busch, O.R.C.; Obertop, H.; Zwinderman, A.H.; van
Lanschot, J.].B. Preoperative Prediction of the Occurrence and Severity of Complications after Esophagectomy for Cancer with
Use of a Nomogram. Ann. Thorac. Surg. 2008, 85, 1938-1945. https://doi.org/10.1016/]. ATHORACSUR.2008.03.014.

Ancona, E.; Cagol, M.; Epifani, M.; Cavallin, F.; Zaninotto, G.; Castoro, C.; Alfieri, R.; Ruol, A. Surgical Complications Do Not
Affect Longterm Survival after Esophagectomy for Carcinoma of the Thoracic Esophagus and Cardia. J. Am. Coll. Surg. 2006,
203, 661-669. https://doi.org/10.1016/].JAMCOLLSURG.2006.07.017.

Ferri, L.E.; Law, S.; Wong, K.H.; Kwok, K.F.; Wong, J. The Influence of Technical Complications on Postoperative Outcome and
Survival after Esophagectomy. Ann. Surg. Oncol. 2006, 13, 557-564. https://doi.org/10.1245/ASO.2006.04.040.

Saunders, ].H.; Yanni, F.; Dorrington, M.S.; Bowman, C.R.; Vohra, R.S; Parsons, S.L. Impact of Postoperative Complications on
Disease Recurrence and Long-Term Survival Following Oesophagogastric Cancer Resection. Br. J. Surg. 2020, 107, 103-112.
https://doi.org/10.1002/BJS.11318.

Rutegard, M.; Lagergren, P.; Rouvelas, I.; Mason, R.; Lagergren, J. Surgical Complications and Long-Term Survival after Esoph-
agectomy for Cancer in a Nationwide Swedish Cohort Study. Eur. ]. Surg. Omncol. 2012, 38, 555-561.
https://doi.org/10.1016/].E]JSO.2012.02.177.

Mantovani, A.; Allavena, P.; Sica, A.; Balkwill, F. Cancer-Related Inflammation. Nature 2008, 454, 436-444.

Okamura, A.; Takeuchi, H.; Matsuda, S.; Ogura, M.; Miyasho, T.; Nakamura, R.; Takahashi, T.; Wada, N.; Kawakubo, H.;
Saikawa, Y.; et al. Factors Affecting Cytokine Change After Esophagectomy for Esophageal Cancer. Ann. Surg. Oncol. 2015, 22,
3130-3135. https://doi.org/10.1245/510434-014-4348-4/TABLES/3.



Cancers 2024, 16, 1468 17 of 16

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

Goldfarb, Y.; Sorski, L.; Benish, M.; Levi, B.; Melamed, R.; Ben-Eliyahu, S. Improving Postoperative Immune Status and Re-
sistance to Cancer Metastasis: A Combined Perioperative Approach of Inmunostimulation and Prevention of Excessive Surgical
Stress Responses. Ann. Surg. 2011, 253, 798-810. https://doi.org/10.1097/SLA.0B013E318211D7B5.

Han, L.; Song, Q.; Jia, Y.; Chen, X.; Wang, C.; Chen, P.; Min, R.; Cheng, Y. The Clinical Significance of Systemic Inflammation
Score in Esophageal Squamous Cell Carcinoma. Tumor Biol. 2016, 37, 3081-3090. https://doi.org/10.1007/513277-015-4152-
1/METRICS.

Ogura, M.; Takeuchi, H.; Kawakubo, H.; Nishi, T.; Fukuda, K.; Nakamura, R.; Takahashi, T.; Wada, N.; Saikawa, Y.; Omori, T.;
et al. Clinical Significance of CXCL-8/CXCR-2 Network in Esophageal Squamous Cell Carcinoma. Surgery 2013, 154, 512-520.
https://doi.org/10.1016/].SURG.2013.06.013.

Spicer, ].D.; McDonald, B.; Cools-Lartigue, ]J.J.; Chow, S.C.; Giannias, B.; Kubes, P.; Ferri, L.E. Neutrophils Promote Liver Me-
tastasis via Mac-1-Mediated Interactions with Circulating Tumor Cells. Cancer Res. 2012, 72, 3919-3927.
https://doi.org/10.1158/0008-5472.CAN-11-2393.

Cools-Lartigue, J.; Spicer, J.; McDonald, B.; Gowing, S.; Chow, S.; Giannias, B.; Bourdeau, F.; Kubes, P.; Ferri, L. Neutrophil
Extracellular Traps Sequester Circulating Tumor Cells and Promote Metastasis. J. Clin. Investig. 2013, 123, 3446-3458.
https://doi.org/10.1172/]C167484.

Kinugasa, S.; Tachibana, M.; Yoshimura, H.; Ueda, S.; Fujii, T.; Dhar, D.K.; Nakamoto, T.; Nagasue, N. Postoperative Pulmonary
Complications Are Associated with Worse Short- and Long-Term Outcomes after Extended Esophagectomy. J. Surg. Oncol.
2004, 88, 71-77. https://doi.org/10.1002/]SO.20137.

Booka, E.; Takeuchi, H.; Nishi, T.; Matsuda, S.; Kaburagi, T.; Fukuda, K.; Nakamura, R.; Takahashi, T.; Wada, N.; Kawakubo, H.;
et al. The Impact of Postoperative Complications on Survivals After Esophagectomy for Esophageal Cancer. Medicine 2015, 94,
€1369. https://doi.org/10.1097/MD.0000000000001369.

Baba, Y.; Yoshida, N.; Shigaki, H.; Iwatsuki, M.; Miyamoto, Y.; Sakamoto, Y.; Watanabe, M.; Baba, H. Prognostic Impact of Post-
operative Complications in 502 Patients with Surgically Resected Esophageal Squamous Cell Carcinoma: A Retrospective Sin-
gle-Institution Study. Ann. Surg. 2016, 264, 305-311. https://doi.org/10.1097/SLA.0000000000001510.

Kataoka, K.; Takeuchi, H.; Mizusawa, J.; Igaki, H.; Ozawa, S.; Abe, T.; Nakamura, K.; Kato, K.; Ando, N.; Kitagawa, Y. Prognostic
Impact of Postoperative Morbidity After Esophagectomy for Esophageal Cancer: Exploratory Analysis of JCOG9907. Ann. Surg.
2017, 265, 1152-1157. https://doi.org/10.1097/SLA.0000000000001828.

Nevins, E.J.; Chmelo, ].; Prasad, P.; Brown, J.; Phillips, A.W. Long-Term Survival Is Not Affected by Severity of Complications
Following Esophagectomy. Eur. ]. Surg. Oncol. 2024, 50, 108232. https://doi.org/10.1016/].E]JSO.2024.108232.

Jin, S.B.; Tian, Z.B.; Ding, X.L.; Guo, Y.J.; Mao, T,; Yu, Y.N.; Wang, K.X,; Jing, X. The Impact of Preoperative Sarcopenia on
Survival Prognosis in Patients Receiving Neoadjuvant Therapy for Esophageal Cancer: A Systematic Review and Meta-Analy-
sis. Front. Oncol. 2021, 11, 619592. https://doi.org/10.3389/FONC.2021.619592.

Coupland, V.H.; Lagergren, J.; Liichtenborg, M.; Jack, R.H.; Allum, W.; Holmberg, L.; Hanna, G.B.; Pearce, N.; Moller, H. Hos-
pital Volume, Proportion Resected and Mortality from Oesophageal and Gastric Cancer: A Population-Based Study in England,
2004-2008. Gut 2013, 62, 961-966. https://doi.org/10.1136/GUTJNL-2012-303008.

Patel, D.C; Jeffrey Yang, C.F.; He, H.; Liou, D.Z.; Backhus, L.M.; Lui, N.S.; Shrager, ].B.; Berry, M.F. Influence of Facility Volume
on Long-Term Survival of Patients Undergoing Esophagectomy for Esophageal Cancer. J. Thorac. Cardiovasc. Surg. 2022, 163,
1536-1546.e3. https://doi.org/10.1016/].JTCVS.2021.05.048.

Al-Batran, S.E.; Homann, N.; Pauligk, C.; Goetze, T.O.; Meiler, |.; Kasper, S.; Kopp, H.G.; Mayer, F.; Haag, G.M.; Luley, K,; et al.
Perioperative Chemotherapy with Fluorouracil plus Leucovorin, Oxaliplatin, and Docetaxel versus Fluorouracil or Capecita-
bine plus Cisplatin and Epirubicin for Locally Advanced, Resectable Gastric or Gastro-Oesophageal Junction Adenocarcinoma
(FLOT4): A Randomised, Phase 2/3 Trial. Lancet 2019, 393, 1948-1957. https://doi.org/10.1016/S0140-6736(18)32557-1.

Kim, J.; Bowlby, R.; Mungall, A.].; Robertson, A.G.; Odze, R.D.; Cherniack, A.D.; Shih, J.; Pedamallu, C.S.; Cibulskis, C.; Dunford,
A.; et al. Integrated Genomic Characterization of Oesophageal Carcinoma. Nature 2017, 541, 169. https://doi.org/10.1038/NA-
TURE20805.

Aiolfi, A.; Sozzi, A.; Bonitta, G.; Lombardo, F.; Cavalli, M.; Cirri, S.; Campanelli, G.; Danelli, P.; Bona, D. Linear- versus Circular-
Stapled Esophagogastric Anastomosis during Esophagectomy: Systematic Review and Meta-Analysis. Langenbecks Arch. Surg.
2022, 407, 3297-3309. https://doi.org/10.1007/S00423-022-02706-2/FIGURES/4.

Szako, L.; Németh, D.; Farkas, N.; Kiss, S.; Domotor, R.Z.; Engh, M.A_; Hegyi, P.; Eross, B.; Papp, A. Network Meta-Analysis of
Randomized Controlled Trials on Esophagectomies in Esophageal Cancer: The Superiority of Minimally Invasive Surgery.
World ]. Gastroenterol. 2022, 28, 4019-4234. https://doi.org/10.3748/WJG.V28.130.4201.

Low, D.E.; Alderson, D.; Cecconello, I.; Chang, A.C.; Darling, G.E.; D’Journo, X.B.; Griffin, S.M.; Holscher, A.H.; Hofstetter,
W.L.; Jobe, B.A,; et al. International Consensus on Standardization of Data Collection for Complications Associated with Esoph-
agectomy: Esophagectomy Complications Consensus Group (ECCG). Ann. Surg. 2015, 262, 286-294.
https://doi.org/10.1097/SLA.0000000000001098.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual au-
thor(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.



	1. Introduction
	2. Materials and Methods
	2.1. Eligibility Criteria
	2.2. Selection Process
	2.3. Data Extraction
	2.4. Outcomes and Definitions
	2.5. Quality Assessment and Assessment of Certainty of Evidence
	2.6. Statistical Analysis

	3. Results
	3.1. Systematic Review
	3.2. Meta-Analysis—Overall Survival (OS)
	3.3. Secondary Outcomes—CSS/DFS

	4. Discussion
	5. Conclusions
	References

