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Simple Summary: The textbook outcome (TBO), a multidimensional indicator that reflects an
optimal perioperative course, has emerged as a significant prognostic variable in surgical oncology.
Our study aimed to assess the occurrence and determinants of TBO following minimally invasive
esophagectomy (MIE) for cancer. Within a cohort of 945 patients who underwent MIE at two high-
volume centers, TBO was realized in 46.6% of cases, correlating with markedly better overall and
disease-free survival. Upon conducting a multivariable analysis, we found that the use of RE (odds
ratio (OR) = 1.527; 95% confidence interval (CI) = 1.149-2.028) was associated with a higher likelihood
of achieving TBO, whereas a Charlson Comorbidity Index (CCI) of 2 or higher showed an opposite
association (CCI2: OR = 0.687, 95% CI = 0.483-0.977; CCI > 3: OR = 0.604, 95% CI = 0.399-0.915).
The advantage of RE in attaining a higher rate of TBO, compared to VATE, remained statistically
significant after applying inverse probability of treatment weighting, with rates of 53.3% for RE and
42.2% for VATE (p < 0.001).

Abstract: Purpose: The textbook outcome (TBO), a multidimensional indicator that reflects an
optimal perioperative course, has emerged as a significant prognostic variable in surgical oncology.
Our study aimed to assess the occurrence and determinants of TBO following minimally invasive
esophagectomy (MIE) for cancer. Methods: A total of 945 patients who had undergone MIE at two
high-volume centers between 2008 and 2022 were analyzed. Multivariable logistic regression analysis
was applied to identify the independent predictors of TBO. The potential selection bias associated
with choosing between different MIE techniques—namely, robotic esophagectomy (RE) and video-
assisted thoracoscopic esophagectomy (VATE)—was addressed by applying inverse probability of
treatment weighting (IPTW). Results: TBO was realized in 46.6% of cases (1 = 440), correlating with
markedly better overall and disease-free survival. Multivariable analysis showed that treatment
with RE (odds ratio (OR) = 1.527; 95% confidence interval (CI) = 1.149-2.028) was associated with
a higher likelihood of achieving TBO, whereas a Charlson Comorbidity Index (CCI) of 2 or higher
showed an opposite association (CCI2: OR = 0.687, 95% CI = 0.483-0.977; CCI > 3: OR = 0.604,
95% CI = 0.399-0.915). The advantage of RE in attaining a higher rate of TBO, compared to VATE,
remained statistically significant after applying IPTW, with rates of 53.3% for RE and 42.2% for VATE.
Notably, RE contributed to a greater probability of thorough lymph node dissection, resection with
negative margins, and the avoidance of major complications. Conclusion: TBO was realized in 46.6%
of the patients who underwent MIE for cancer. Patients with a lower CCI and those who received RE
were more likely to achieve TBO.
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1. Introduction

In recent years, the treatment landscape for resectable esophageal cancer (EC) has
continued to evolve from upfront surgery to the use neoadjuvant therapy [1,2]. Although
the optimal strategy is still a matter of debate, the delivery of high-quality surgery is an
essential component in the neoadjuvant setting. Several individual metrics—including the
rates of RO resection, the number of dissected lymph nodes, the rates of procedure-related
complications, the number of unplanned readmissions, and short-term (30-day or 90-day)
mortality rates—have been traditionally used to track surgical quality [3-5]. However,
there is increasing evidence that combined outcome indicators may outperform single
parameters for the clinical auditing of surgical quality.

The concept of textbook outcome (TBO)—which was originally proposed in 2013 in
the field of colorectal surgery [6]—has gained popularity as a multidimensional compos-
ite indicator reflecting an optimal perioperative course, including variables associated
with radical resection, and an uneventful postoperative course. In different complex
surgical procedures, including esophagectomy, an association between achieving TBO
and more favorable survival outcomes has been described [7-10]. Unfortunately, TBO is
generally realized by less than 40% of patients who have undergone esophagectomy for
cancer [7,11,12].

In the pursuit of enhancing surgical outcomes, the minimally invasive approach to EC
has been gaining traction [13,14]. Notably, an increasing body of evidence suggests that
minimally invasive esophagectomy (MIE) may not only decrease perioperative morbidity,
but also offer oncological outcomes that are at least on par with those of traditional open
surgery for EC [15-19]. In addition, recent studies have highlighted promising TBO rates
among patients with EC who have been treated with MIE [20]. However, the factors
influencing TBO achievement in patients with EC undergoing MIE have remained elusive.

To bridge this knowledge gap, we conducted a retrospective analysis utilizing data
from two high-volume MIE centers. The primary objective of the current study was to
determine the rate of TBO among patients undergoing MIE. The secondary aims were
to identify the predictors of TBO, with a specific focus on comparing the established
video-assisted thoracoscopic esophagectomy (VATE) technique and the emerging robotic
esophagectomy (RE) approach.

2. Materials and Methods
2.1. Study Population and Inclusion/Exclusion Criteria

This study retrospectively analyzed prospectively gathered data from two high-
volume tertiary referral centers: the Chang Gung Memorial Hospital-Linkou in Taiwan
(referred to as Center B) and the University Medical Center Mainz in Germany (referred to
as Center A). Patients with EC who underwent transthoracic esophagectomy were consecu-
tively selected. The patient cohort from Taiwan was enrolled over a 14-year period between
2008 and 2022, whereas the German patient cohort was recruited over a 7-year period
between 2015 and 2022. We excluded patients who underwent palliative surgery, required
an open thoracotomy, or received complex esophageal resections such as esophagectomy
combined with laryngectomy. Additionally, patients who underwent reconstruction meth-
ods other than gastric tube reconstruction were not eligible. The final analysis incorporated
data from a total of 945 patients. Figure 1 provides a detailed study flowchart.
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Figure 1. Study flowchart.

2.2. Neoadjuvant Therapy Protocol and Indication for Surgical Resection

In both centers, neoadjuvant chemoradiation (CRT) or chemotherapy (CT) followed
by surgery were offered to patients with locally advanced esophageal malignancies located
outside of the cervical area (i.e., cI2-4aNany or TIN+ when patients were deemed medically
fit for surgery). The chemotherapy regimens administered for neoadjuvant CRT consisted
of cisplatin plus 5-fluorouracil or carboplatin plus paclitaxel, both given concurrently
with radiation therapy at doses ranging from 41.4 to 45 Gy. For neoadjuvant CT, the
standard regimen was FLOT, which involves four preoperative and four postoperative
two-week cycles of docetaxel (50 mg/m?), intravenous oxaliplatin (85 mg/m?), intravenous
leucovorin (200 mg/ m?), and fluorouracil (2600 mg/ m?) administered over a 24 h period
of continuous intravenous infusion.

The standard surgical approach for esophageal malignancies located in the lower
third consisted of a right transthoracic esophagectomy with intrathoracic gastric tube
reconstruction (i.e., Ivor Lewis procedure). Neck anastomosis (i.e., McKeown procedure)
was used for tumors of the cervical area or originating in upper two-thirds of the esophagus.
In terms of the MIE technique, both RE and VATE were implemented across the two centers.
The decision to proceed with RE or VATE in Center A was contingent upon the availability
of a robotic system on the scheduled surgery date. Conversely, in Center B, all patients
were offered RE as the primary option. However, if patients declined the partially insured
robotic-assisted procedure, they were provided the alternative of undergoing VATE, which
was fully covered by health insurance.

2.3. Definition of Variables

Comorbidities were defined using the Charlson comorbidity index (CCI) [21]. The
criteria outlined by the Esophagectomy Complications Consensus Group (ECCG) were used
to assess the occurrence of perioperative complications [22]. Complications were weighted
according to severity based on the Clavien-Dindo classification (MCDC), with grades
II-1V being considered as severe [23]. Circumferential resection margins were considered
positive according to the criteria set forth by the College of American Pathologists (CAP).

2.4. Study Endpoints

The primary endpoint was the achievement of TBO—which was considered realized
when the following criteria were simultaneously met: (1) no intraoperative complications
(defined as any deviation from the ideal intraoperative course, such as the need for intraop-
erative transfusion, unintentional injury or resection of adjacent organs, and the necessity
to switch to open surgery from a minimally invasive approach), (2) margin-negative resec-
tions, (3) lymph node yield > 15, (4) no severe postoperative complications, (5) no need for
re-intervention, (6) no readmissions to an intensive care unit (ICU), (7) length of hospital
stay < 21 days, (8) no 90-day postoperative mortality, and (9) no readmissions within the
first 30 days from discharge. Overall survival (OS) was defined as the time from the date of
surgery to the last follow-up visit or death from any cause. Disease-free survival (DFS) was
measured from the date of surgery to the date of second cancer, locoregional recurrence,



Cancers 2024, 16, 1109

40f13

distant metastases, or death from any cause, whichever occurred first. Follow-up was
terminated on 30 November 2022.

2.5. Statistical Analysis

Normally distributed continuous variables are here expressed as means + standard de-
viations (SDs). Continuous variables with a skewed distribution are presented as medians
and interquartile ranges (IQRs), whereas categorical data are given as counts and frequen-
cies. The Student’s t-test and the Mann—Whitney U test were used to compare normally
distributed and skewed continuous data, respectively. Categorical variables were analyzed
with the chi-squared test. Univariate and multivariable logistic regression analyses were
applied to assess the associations of clinicopathologic parameters with TBO. Variables en-
tered in the univariate logistic regression analysis included previously described predictors
of TBO, known risk factors for postoperative morbidity, and the main predictor of interest
(i.e., the technique used for MIE). A multivariable backward selection procedure was im-
plemented, with a threshold p < 0.1 for inclusion and p < 0.05 being defined as statistically
significant in the final model. For each variable, the odds ratio (OR) and the associated 95%
confidence intervals (CIs) were computed. To mitigate potential selection bias between
RE and VATE, inverse probability of treatment weighting (IPTW) was employed. The
propensity score (PS), derived from a logistic regression model, quantified the likelihood
of patients undergoing either RE or VATE based on their observed baseline characteris-
tics [24,25]. This model incorporated variables such as age, sex, body mass index (BMI),
smoking history, CCI, type of tumor histology, clinical stage, utilization of preoperative
therapy, type of resection (McKeown or Ivor Lewis), abdominal procedure type, and the
center providing treatment. Inverse probability weights, calculated from the PS, facilitated
the creation of a pseudopopulation. Specifically, for the RE group, weights were assigned
inversely proportional to the PS, whereas for the VATE group, weights were inversely
proportional to 1 minus the PS. This approach, utilizing IPTW, ensured the generation of
stabilized weights, thereby preserving the integrity of the matched sample. The balance
of covariates was evaluated using the standardized mean difference (SMD) both before
and after the application of IPTW, with an SMD below 0.1 indicating an acceptable level
of balance. Survival outcomes, including overall survival (OS) and disease-free survival
(DFS), were visualized using Kaplan-Meier curves, with statistical differences assessed via
the log-rank test. Data were analyzed using SPSS, version 25.0 (IBM Corp., Armonk, NY,
USA), and R version 4.3.1 (R Foundation for Statistical Computing, Vienna, Austria). All
statistical tests were two-sided, and a p value < 0.05 was considered statistically significant.

3. Results
3.1. Study Patients

The study included 945 patients, with 426 from Center A and 519 from Center B.
Among them, 440 (46.6%) achieved TBO, while 505 (53.4%) did not. The general charac-
teristics of the two groups are summarized in Table 1. The TBO group had (1) a higher
BM], (2) a lower CCI, and (3) a higher prevalence of adenocarcinoma than the no-TBO
group. Conversely, patients who did not achieve TBO showed a higher frequency of the
following variables: (1) preoperative radiotherapy, (2) use of VATE for the thoracic phase,
(3) use of open laparotomy for the abdominal phase, and (4) use of the McKeown procedure.
Significant differences with respect to TBO rates were observed between the two study
centers (p = 0.001).
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Table 1. General characteristics of patients with esophageal cancer who achieved textbook outcomes

versus those who did not.

Entire

Variable Cohort TBO(-) TBO(+) p
Number of patients (%) 945 (100) 505 (53.4) 440 (46.6)
Age, years (mean (SD)) 59.8 (10.49) 59.36 (10.36) 60.30 (10.61) 0.169
Sex 0.414
Female 104 (15.2) 60 (11.9) 44 (10.0)
Male 841 (84.8) 445 (88.1) 396 (90.0)
2
él\ég') kg/m? (mean 24.30 (8.36) 23.75 (4.43) 24.93 (11.24) 0.031
Charlson comorbidity 0.043
index
0-1 647 (68.5) 328 (65) 319 (72.5)
2 177 (18.7) 104 (20.6) 73 (16.6)
>3 121 (12.8) 73(14.4) 48 (10.9)
Smoking 0.674
Never 387 (41) 201 (39.8) 186 (42.3)
Quit > 30 days 127 (13.4) 67 (13.3) 60 (13.6)
Active 431 (45.6) 237 (46.9) 194 (44.1)
Tumor location 0.04
Upper third 117 (12.4) 72 (14.3) 45 (10.2)
Middle third 265 (28) 157 (31.1) 108 (24.5)
Lower third 563 (59.6) 276 (54.7) 287 (25.2)
Histology <0.001
Adenocarcinoma 351 (37.1) 161 (31.9) 190 (43.2)
Squamous cell 594 (62.9) 344 (68.1) 250 (56.8)
carcinoma
cT-stage 0.232
cT1 102 (10.8) 57 (11.3) 45 (10.2)
cI2-3 769 (81.4) 402 (79.6) 367 (83.4)
cT4 74 (7.8) 46 (9.1) 28 (6.4)
cN-stage 0.046
cN— 245 (25.9) 117 (23.2) 128 (29.1)
cN+ 700 (74.1) 388 (76.8) 312 (70.9)
Preoperative
radiotherapy 0.001
No 385 (40.7) 180 (35.6) 205 (46.6)
Yes 560 (59.3) 325 (64.4) 235 (53.4)
Preoperative
chemotherapy 0-568
No 189 (20) 97 (19.2) 92 (20.9)
Yes 756 (80) 408 (80.8) 348 (79.1)
Medical center 0.001
Center A 426 (45.1) 201 (39.8) 225 (51.1)
Center B 519 (54.9) 304 (60.2) 215 (48.9)
Operative procedure <0.001
Ivor Lewis 412 (43.6) 193 (38.2) 219 (49.8)
McKeown 533 (56.4) 312 (61.8) 221 (60.2)
Technique used for MIE <0.001
VATE 537 (56.8) 319 (63.2) 218 (49.5)
RE 408 (43.2) 186 (36.8) 222 (50.5)
Abdominal part 0.01
Open surgery 122 (12.9) 79 (15.6) 43 (9.8)
Minimally invasive 823 (87.1) 426 (84.4) 397 (90.2)

surgery

Abbreviations: TBO, textbook outcome; SD, standard deviation; BMI, body mass index; MIE, minimally invasive
esophagectomy; VATE, video-assisted thoracoscopic esophagectomy; RE, robotic esophagectomy.
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3.1.1. Survival Outcomes in Relation to the Achievement of TBO

The median OS was significantly longer in the TBO group at 109 months compared to
the no-TBO group, which was 21 months (Figure 2a). This indicates an OS advantage of
88 months for the TBO group (p < 0.001). In addition, disease recurrences tended to be less
frequent in the former group compared with the latter (42.7% versus 48.3%, respectively;
p = 0.088). The median DFS was significantly longer in the TBO group at 87 months
compared to the no-TBO group, which was 13 months (Figure 2b). This indicates a DFS
advantage of 74 months for the TBO group (p < 0.001).

Textbook outcome
No Textbook outcome

Survival probability
[=} [=]
B 3

p < 0.0001

0.00

Time

Number at risk

.g no 505 422 298 225 177 155 128 108 93 77 69 59 47 41 35 25
»n yes 440 418 344 276 227 205 180 151 125 70 54 40 30 25 14
0 6 12 18 24 30 36 42 48 54 60 66 72 78 84 90
Time
(a)
1.00 Textbook outcome

No Textbook outcome

o
N
o

Survival probability
g

p < 0.0001

0.00
0 6 12 18 24 30 3% 42 48 54 60 66 72 78 84 90
Time
Number at risk
% no 505 346 233 180 149 126 105 91 80 71 65 57 44 39 33 24
o yes{ 440 373 306 245 203 184 161 134 112 83 64 51 38 28 23 13

0 6 12 18 24 30 36 42 48 54 60 66 72 78 84 90
Time

(b)

Figure 2. (a) Kaplan-Meier plots of overall survival (expressed in months) for patients who achieved
textbook outcomes versus those who did not. (b) Kaplan—-Meier plots of disease-free survival
(expressed in months) for patients who achieved textbook outcomes versus those who did not.
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3.1.2. Univariate and Multivariable Predictors of TBO

In univariate analysis, nine factors were significantly associated with an increased
likelihood of TBO, including a higher BMI, a lower CCI score, non-upper-third tumor
location, adenocarcinoma histology, absence of preoperative radiotherapy, treatment at
medical center A, undergoing an Ivor Lewis procedure, MIE with RE, and a minimally
invasive abdominal approach (Table 2). However, after adjusting for potential confounders
in multivariable analysis, only treatment with RE (OR = 1.527; 95% CI = 1.149-2.028) and
the CCI score remained significant predictors. Specifically, a CCI score of 2 was associated
with a lower likelihood of TBO (OR = 0.687, 95% CI = 0.483-0.977), as was a CCI score of 3
or higher (OR = 0.604, 95% CI = 0.399-0.915). Notably, the influence of the treatment center
was no longer observed in the multivariable model.

Table 2. Univariate and multivariable logistic regression analyses: predictors of textbook outcome.

Univariate Analysis Multivariable Analysis
Variable OR (95% CI) p OR (95% CI) 4
Age 1.009 (0.996-1.021) 0.169
Sex
Female Reference 0.357
Male 1.213 (0.804-1.832)
BMI 1.036 (1.006-1.066) 0.019 1.016 (0.990-1.044) 0.235
Charlson comorbidity
index
0-1 Reference 0.044 Reference 0.015
2 0.722 (0.515-1.011) 0.058 0.687 (0.483-0.977) 0.037
>3 0.676 (0.455-1.004) 0.052 0.604 (0.399-0.915) 0.017
Tumor location
Upper third Reference 0.004 Reference 0.660
Middle third 1.101 (0.705-1.719) 0.673 0.989 (0.626-1.561) 0.962
Lower third 1.664 (1.107-2.501) 0.014 1.168 (0.720-1.894) 0.530
Histology
Squz';lmous cell Reference <0.001 Reference 0.917
carcinoma
Adenocarcinoma 1.624 (1.245-2.118) 0.977 (0.625-1.525)
Preoperative
radiotherapy
No Reference 0.001 Reference 0.053
Yes 0.635 (0.489-0.824) 0.729 (0.530-1.004)
Preoperative
chemotherapy
No Reference 0.514
Yes 0.899 (0.654-1.237)
Medical center
Center A Reference <0.001 Reference 0.878
Center B 0.632 (0.488-0.818) 1.090 (0.361-3.293)
Operative procedure
Ivor Lewis Reference <0.001 Reference 0.780
McKeown 0.624 (0.482-0.809) 0.851 (0.274-2.641)
Technique used for MIE
VATE Reference <0.001 Reference 0.004
RE 1.747 (1.347-2.265) 1.527 (1.149-2.028)
Abdominal part
Open surgery Reference 0.008 Reference 0.357
Minimally invasive 1.712 (1.153-2.544) 1.227 (0.794-1.897)

surgery

Abbreviations: OR, odds ratio; CI, confidence interval; BMI, body mass index; MIE, minimally invasive esophagec-
tomy; VATE, video-assisted thoracoscopic esophagectomy; RE, robotic esophagectomy.
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3.1.3. Associations of TBO with Different MIE Techniques (RE versus VATE)

Table 3 presents the baseline characteristics of the two patient groups, both prior to
and following the application of IPTW. In the original cohort, patients who had undergone
RE were characterized by a higher mean age and BMI, as well as a lower incidence of
active smoking, in comparison to those who had received VATE. Significant differences
were also evident with respect to several other variables, such as the distribution of clinical
stages, the frequency of preoperative radiotherapy, and the treatment center. Regarding
the surgical technique, a larger number of VATE patients underwent laparotomies and
a higher proportion were subjected to the Ivor Lewis procedure. The implementation of
IPTW resulted in achieving a satisfactory balance of covariates, as evidenced by all SMD
values being below 0.1.

Table 3. General characteristics of the two study groups before and after the application of inverse
probability of treatment weighting.

Characteristic Original Cohort IPTW Cohort
RE VATE
(1 = 408) (1 = 537) SMD RE VATE SMD

Men, 1 (%) 360 (88.2%) 481 (89.6%) 0.043 90.0% 89.2% 0.028
Age, years 61.76 + 10.835 58.31 + 9.968 0.331 59.26 + 11.02 59.93 + 10.46 0.063
Eg%lﬁnass index, 2515+ 11.686  23.66 + 4.297 0.169 24.30 +9.97 24.27 + 452 0.004
Smoking, 1 (%) 0.506 0.079

No 222 (54.41%) 165 (30.73%) 39.63% 41.36%

Quit > 30 days 50 (12.25%) 77 (14.34%) 11.28% 13.12%

Active smoker 136 (33.34) 295 (54.93%) 49.09% 45.52%
CCI 0.110 0.101

0-1 280 (68.63%) 367 (68.34%) 63.31% 68.12%

2 69 (16.91%) 108 (20.11%) 21.74% 18.86%

3 59 (14.46%) 62 (11.55%) 14.95% 13.02%
Histology

Squamous cell 194 (47.55%) 400 (74.49%) 0.575 62.07% 62.20% 0.003
carcinoma

Adenocarcinoma 214 (52.45) 137 (25.51%) 37.93% 37.80%
Clinical AJCC stage 0.198 0.080

I 38 (9.31%) 54 (10.06%) 11.34% 10.04%

II 120 (29.41%) 118 (21.97%) 26.02% 25.62%

I 191 (46.81%) 259 (48.23%) 48.15% 47.18%

Y 59 (14.47%) 106 (19.74) 14.49% 17.16%
Preop Radiotherapy 214 (52.45%) 346 (64.43%) 0.245 58.05% 57.60% 0.009
Preop Chemotherapy 328 (80.39%) 428 (79.70%) 0.017 78.17% 78.35% 0.004
Center

A 263 (64.46%) 163 (30.35%) 0.727 44.44% 45.21% 0.015

B 145 (35.54%) 374 (69.65%) 55.56% 54.79%
Abdommal surgical 0.631 0.034
technique

Laparoscopy 400 (98.04%) 423 (78.77%) 85.92% 87.08%

Laparotomy 8 (1.96%) 114 (21.23%) 14.08% 12.92%
Type of resection 0.698 0.016

Ivor Lewis 254 (62.25%) 158 (29.42%) 42.97% 43.76%

McKeown 154 (37.75%) 379 (70.58%) 57.03% 56.24%

Data are expressed as means and standard deviations or counts and percentages, as appropriate. Abbreviations:
IPTW, inverse probability of treatment weighting; RE, robotic esophagectomy; VATE, video-assisted thoracoscopic
esophagectomy; SMD, standardized mean difference; CCI, Charlson comorbidity index; AJCC, American Joint
Committee on Cancer.

Table 4 provides a comprehensive summary of the impacts that the use of RE ver-
sus VATE had on each criterion defining TBO, both prior to and following the appli-
cation of IPTW. The post-IPTW results indicate that patients who underwent RE expe-
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rienced more favorable outcomes compared to those who received VATE in terms of
the following specific parameters: (1) a higher percentage of patients achieved a lymph
node yield of >15 (95.8% for RE versus 90.4% for VATE; p = 0.001); (2) a greater propor-
tion of margin-negative resections was observed (94.2% for RE versus 88.6% for VATE;
p = 0.005), and (3) a reduced incidence of major complications was noted (29.4% for RE
versus 38.9% for VATE; p = 0.024). Additionally, the TBO rate post-IPTW was significantly
higher for patients who received RE (53.3%) compared to those who underwent VATE
(42.2%; p = 0.008)).

Table 4. Overall incidence and severity of complications before and after the application of inverse
probability of treatment weighting.

Before IPTW p After IPTW p

n (o/o)

RE VATE RE VATE

TBO items
(1) No intraop
complication
(2) Lymph node
yield > 15
(8) LOS < 21 days
(4) No need of
reintervention
(5) Margin-negative
resection
(6) No readmission
to an ICU
(7) No
readmissions
within 30 days
from discharge
(8) NO major
complications
(9) No 90-day
postoperative
mortality
Overall TBO rates
Non-TBO items
(1) Number of
harvested nodes
(mean (SD))
(2) LOS, days
(mean (SD))
(3) Blood loss, mL.
(mean (SD))
(4) Total operation
time, min (mean
(SD))
Thoracic
Abdomen

98.5% 96.5% 0.05 98.7% 96.8% 0.071

388 (95.1%)
81.9%
78.2%

93.9%

92.2%

87.5%

73.3%

97.1%

54.4%

32.73 £13.343

17.06 £ 13.381

132.43 £ 94.556

189.63 £ 54.02
139.42 + 42.43

475 (88.5%)
75%
65%

87.2%

90.9%

84.9%

60%
95.5%
40.6%

28.80 £ 13.086
21.47 +£19.037

170.82 +
187.386

226.32 £ 727.29

133.58 £ 53.95

<0.001
0.012
<0.001

0.001

0.493

0.256

<0.001

0.224

<0.001

<0.001

<0.001

<0.001

0.312
0.177

95.8%
78.0%
74.2%

94.2%

91.0%

88.6%

70.6%

97.6%

53.3%

33.33 = 14.07

17.77 £13.11

120.92 £ 89.49

176.35 £ 51.31
145.34 + 44.41

90.4%
76.6%
67.0%

88.6%

91.9%

84.7%

61.1%

95.2%

42.2%

29.62 £12.78

20.87 £ 19.57

169.31 + 170.16

218.96 & 637.59
126.59 + 49.44

0.001
0.729
0.086

0.005

0.692

0.098

0.024

0.056

0.008

0.001

0.017

<0.001

0.147
<0.001

Abbreviations: IPTW, inverse probability of treatment weighting; RE, robotic esophagectomy; VATE, video-
assisted thoracoscopic esophagectomy; TBO, textbook outcome; LOS, length of stay.

4. Discussion

This is, to our knowledge, the first study to present detailed results about the achieve-
ment and prognostic significance of TBO in patients with EC who had undergone MIE. By
adhering to the established definition of TBO and utilizing data from prominent surgical
institutions, we were able to achieve a TBO rate of 43.2%, aligning with the highest stan-
dards reported in the literature (Table 5). Consistent with prior findings, the achievement
of TBO was significantly associated with more favorable survival outcomes. Our findings
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are also significant as they demonstrate, for the first time, that within a cohort consisting
entirely of MIE cases, the application of RE had the potential to enhance the total number
of TBO. Moreover, the advantage of RE in improving TBO rates appeared robust, even
after addressing potential selection bias through the implementation of IPTW. Given this
evidence, we suggest that RE should be regarded as the surgical technique of choice for
MIE procedures.

Table 5. Summary of published studies focusing on the achievement of textbook outcomes following

esophagectomy.
Minimally .
Authox:s (Y.ear Study Design Sample Size Invasive RE, 1 (%) TBO Rate Survival
of Publication) o Impact
Surgery, n (%)
Busweiler et al. Nationwide o o
(2017) [11] stady 2748 1347 (49%) N/A 29.7% N/A
Van der Werf Nationwide o o
etal. (2019) [12] study 4414 2595 (58.8%) N/A 33% Yes
Bolger et al. Single-center o o
(2021) [20] study 269 130 (48.3%) N/A 32.3% Yes
Kalff et al. Two-center o o
(2021) [7] study 1065 676 (63.5%) N/A 30.7% Yes
Current study Tws‘ifg‘y‘ter 945 945 (100%) 408 (43.2%) 46.6% Yes

Abbreviations: RE, robotic esophagectomy; TBO, textbook outcome; N/A, not available.

While VATE remains the most common technique for MIE, the adoption of robotic
platforms has recently gained momentum [26,27]. RE offers numerous advantages, includ-
ing a magnified, high-definition 3D visual field that ensures a stable, surgeon-controlled
perspective, alongside improved ergonomics that enhance manual dexterity. These features
are particularly advantageous for meticulous dissection within the narrow confines of
the mediastinum. Recent meta-analyses have highlighted that RE is linked to reduced
pulmonary complications and a greater yield of lymph nodes compared to VATE [28,29].
Upon examining the impacts of these surgical techniques on the criteria defining TBO,
it was observed that patients undergoing RE experienced fewer major complications
than those treated with VATE. More critically, RE was associated with a higher likeli-
hood of achieving margin-negative resections and an increased count of harvested lymph
nodes—two factors that are known to correlate with a more favorable prognosis [30-33].
Taken together, these findings suggest that RE not only potentially eases postoperative
recovery, but also contributes to superior oncological outcomes.

Notwithstanding the advantages over VATE in terms of TBO realization, a cost-
effectiveness analysis of RE is imperative prior to its eventual assimilation into everyday
surgical practice. Robotic surgery is indeed limited by high costs of acquisition and main-
tenance [34]. While market competition and the increasing adoption of robotic platforms
could potentially reduce their costs in the future, effective training and accreditation are
essential components. There is an urgent need to establish systematic training programs
with the goal of shortening surgery proficiency gain curves. In this scenario, interna-
tional robotic surgery societies—including the Upper GI International Robotic Association
(UGIRA)—are expected to implement formal training programs for new generations of
surgeons. Additionally, scientific societies should encourage the shared use of data among
private and public stakeholders with the goal of evaluating the relative safety and efficacy
of robotic operations in comparison to traditional procedures [35].

Although the potential benefits of RE observed in our investigation are encouraging,
they must be weighed against the study’s inherent limitations. While multicenter study
designs are recognized for their strengths, including the generalizability of findings and
larger sample sizes, they can also introduce significant variability and error. Notably, the
distinct characteristics of patients with EC between the West (with a higher prevalence of
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adenocarcinoma) and the East (where squamous cell carcinomas is predominant) led to
major differences in the MIE approach. Center A favored the Ivor Lewis esophagectomy,
whereas Center B preferred the McKeown procedure. Despite our efforts to account for
these variables using IPTW, we must acknowledge the potential presence of unmeasured
and residual confounding variables that could have influenced our findings. Notably, the
decision to utilize RE in Center B was contingent upon a patient’s consent to undergo a
partially insured robot-assisted procedure. This requirement could introduce a selection
bias linked to the participants’ financial status. Secondly, it is important to note that RE
was implemented after the introduction of VATE. This sequence of events leaves room
for the possibility that the less favorable outcomes observed in the VATE group could be
attributed to the initial learning curve associated with the introduction of this technique.
Similarly, the superior results in the RE group might be influenced by the prior experience
with VATE. Given these considerations, our results must be approached with caution and
validated through future prospective randomized studies.

5. Conclusions

TBO was realized in 46.6% of the patients who underwent MIE for cancer. Patients
with a lower CCI and those who received RE were more likely to achieve TBO.
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