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Abstract

OBJECTIVES: The aim of this study was to know the treatment effect of video-assisted thoracic
surgery (VATS) on 90-day mortality after anatomical lung resection based on a nationwide
cohort.

METHODS: This is a multicentre prospective cohort of 2721 anatomical resections for lung
cancer from December 2016 to March 2018. Treatment and intention-to-treat (ITT) analyses
were performed after inverse probability score weighting and different propensity score
matching algorithms. Covariate balance was assessed by standardized mean differences. The
estimators reported were the average treatment effect, the average treatment effect on the
treated and odds ratios after conditional logistic models with 95% confidence intervals. The
unconfoundedness assumption was evaluated by sensitivity analysis for average treatment
effect (c-dependence) and average treatment effect on the treated ().

RESULTS: VATS was the initial approach in 1911 patients (70.2%), though 273 cases (14.3%) had
to be converted to thoracotomy. Ninety-day mortality rates were: treatment analysis (VATS
1.16% vs open 3.9%, P < 0.001), ITT analysis (VATS 1.78% vs open 3.36%, P = 0.012). After
inverse probability score weighting and propensity score matching, in the treatment analysis,
VATS meant absolute risk reductions between 2.25% and 2.96% and relative risk reductions
between 65% and 70% (OR = 0.34, 95% confidence interval 0.15-0.79, all P-values <0.004).
However, all the estimators turned out to be non-significant in the ITT analyses. A high
sensitivity to unobservable confounders was proved (c-dependence 0.135, I = 1.5).

CONCLUSIONS: VATS can reduce the risk of 90-day mortality after anatomical lung resection.
However, the implications of conversion to thoracotomy, comparing ITT versus treatment
analysis, and the potential impact of hidden bias should deserve further attention in the future.

Keywords: Video-assisted thoracic surgery, 90-Day mortality, Intention-to-treat analysis,
Thoracic surgery, Anatomical lung resection, Lung cancer
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ATE - Average treatment effect

ATT - Average treatment effect on the treated

Cls - Confidence intervals

GEVATS - Spanish Group of Video-assisted Thoracic Surgery
ITT - Intention-to-treat

IPSW - Inverse probability score weighting

PSM - Propensity score matching



SMD - Standardized mean differences
VATS - Video-assisted thoracic surgery

Introduction

Although there are multiple retrospective series that have shown a lower rate of complications
and postoperative stay in patients operated on by video-assisted thoracic surgery (VATS), there
are more discrepancies on the impact that the surgical approach could have on postoperative
mortality. In this regard, a recent randomized clinical trial, designed to evaluate short-term and
oncologic efficacy of VATS, failed to demonstrate differences in postoperative mortality
between VATS and thoracotomy [1].

Regarding postoperative mortality, recent series have shown that 90-day mortality could
double 30-day or in-hospital mortality after lung resection [2—4]. Although most series
comparing VATS with thoracotomy do not mention 90-day mortality, some important studies
have not shown significant differences in either in-hospital, 30-day or 90-day mortality [5-7]. A
recent publication from the ESTS database did show significant differences in mortality at
discharge (VATS 1% vs thoracotomy 1.9%, P = 0.020), not mentioning mortality at 90 days [8].

Few studies have performed an intention-to-treat (ITT) analysis comparing VATS and
thoracotomy for lung resection, and even less have compared the results obtained depending
on the strategy of analysis performed [9, 10]. However, since a non-negligible proportion of
patients undergoing VATS must be finally converted to thoracotomy, ITT analysis seems to be
the most appropriate strategy to evaluate treatment effects related to VATS in a real scenario
[11].

In view of the conflicting results and the underreported ITT analysis in the literature, the
objective of our study was to determine the impact of the surgical approach on 90-day
mortality, comparing treatment and ITT analysis in patients who underwent and anatomical
lung resection for lung cancer in the national cohort by the Spanish Group of Video-assisted
Thoracic Surgery (GEVATS) [12].

Materials and Methods
Ethical statement

This project was approved by all the local ethics committees and informed consent was
obtained from the recruited patients to use their clinical data for scientific purposes (Approval
by Ethics Committee of Aragon Health Research Institute on 20 May 2015 PI115/0072).

Data source

The GEVATS of the Spanish Society of Thoracic Surgery is a prospective voluntary multicentre
observational study with a total of 33 Thoracic Surgery Department participating. The Centres
were not selected based on their experience in VATS or any other criterion. The cohort
included patients who underwent an anatomical lung resection from 20 December 2016 to 20
March 2018. The GEVATS objectives were to know the impact of surgical approach on short-
and long-term outcomes. The method of the GEVATS, including sample size justification and
the audit process performed, was recently published [12].



Patient allocation into VATS or thoracotomy depended on clinical practice, experience and
beliefs of each of the participating surgeons and departments.

In this prospective observational cohort study, we tried to specifically elucidate the impact of
the surgical approach on 90-day mortality after anatomical lung resection for lung cancer. For
this purpose, those patients with a diagnosis other than lung carcinoma and those who
underwent pneumonectomy or extended lung resection were excluded. Extended resection
was considered in case of chest wall, diaphragm or sleeve resection. Our manuscript is
reported according to the STROBE recommendations and ESTS Statistical Primer for propensity
score analysis.

Statistical analysis

A double type of analysis was carried out, treatment and ITT, depending on the need of
conversion from VATS to open throughout the procedure. The association of the surgical
approach (open versus VATS) as the treatment variable, with baseline oncologic and surgical
variables that could influence on the outcome variable (90-day mortality) and the approach to
be chosen, was analysed by two-tailed statistical hypothesis testing, using Mann—Whitney and
Chi-square tests and standardized mean differences (SMD). Those variables with a P-value of
less than 0.2 and/or standardized differences greater than 0.1 were the covariates used to
build the propensity score to correct for selection bias.

Missing data were dealt by casewise deletion analysis when less than 5% of patients had
incomplete registries.

The propensity score was estimated by a logit model and the overlap assumption was assessed
on density plots for treatment and ITT analysis. The treatment effects were evaluated based on
the inverse probability score weighting (IPSW) and the propensity score matching (PSM)
through the nearest-neighbor method with and without replacement, using different calliper
widths (0.035, 0.05 and 0.1) and matching ratios (1:1, 1:2 and 1:3).

Covariate balanced was assessed by SMD, before and after weighting or matching. SMD less
than 0.1 or 0.05 were considered good or excellent, respectively, to exclude residual imbalance
[14]. Balance of covariates was displayed on dot plots for IPSW and PSM, separately.

The treatment effects were estimated by weighted mean and matching outcome models
reporting the average treatment effect (ATE), based on the difference in potential outcome
means, and the average treatment effect on the treated (ATT). ATE and ATT were reported as
absolute risk reductions (IPSW and PSM) and relative risk reductions (IPSW). In addition, in
case of PSM 1:1 without replacement and calliper 0.035, a conditional logistic fixed-effects
regression model was conducted. In this case, treatment effects were reported as odds ratios.
The impact of surgeon experience in VATS procedures (<50 versus >50 cases), surgeon seniority
(resident versus faculty <10 years versus faculty 10-20 years versus faculty >20 years), surgical
volume and VATS rate by department (discrete variables) were used to adjust the odds ratios
reported by the conditional logistic models previously described. To compute surgical volume
and VATS rate by institution throughout the 15-month recruitment period, we considered the
reports submitted by the Heads of the Administrative Departments from each Institution.
These reports were used in the audit process we previously published [12]. 95% confidence
intervals (Cls) were calculated from robust standard errors and P-values less than 0.05 were
considered statistically significant.



The conditional partial dependence method proposed by Masten et al. was used to evaluate
the sensitivity of conclusions about the ATE. Bounds on the ATE given a set of c-dependence
values (between 0 and 1) and the breakdown point (maximum value of the c-dependence
parameter under which the conclusion still holds) were reported. In addition, the impact of
hidden bias on the ATT estimator after PSM (1:1, calliper 0.035, no replacement) was assessed
with the bounding approach proposed by Rosenbaum. The I parameter and corresponding P-
values were used to measure the sensitivity of ATT to unobservable confounders.

The Treatment Effects Suite in Stata/MP 16.0 and the Stata packages Stddiff, Psmatch2,
Calipmatch, Tesensitivity and Mhbounds were used for the statistical analysis. Tablau Desktop
2020.3.1 was used for plot representation of the covariate balance.

Results

A total of 3533 patients were recruited, including 1917 VATS cases (54.3%). After exclusion of
patients with a diagnosis different to lung cancer (448 patients, 12.7%), pneumonectomy (236
patients, 6.7%) and extended resection (165, 4.7%), 2721 patients (77% of the entire GEVATS
cohort) met the inclusion criteria. The types of resections included were: 2444 lobectomies
(90%), 111 bilobectomies (4%) and 166 anatomical segmentectomies (6%).

VATS was the initial approach in 1911 patients (70.2%), representing the treatment group in
the ITT analysis. However, 273 cases (14.3%) had to be converted to thoracotomy and,
therefore, the VATS arm in the treatment analysis consisted of 1638 patients (60.2%). The
unadjusted analysis showed an important association between in-hospital mortality and 90-day
mortality with the surgical approach performed (Table 1). The outcome variable (90-day
mortality) was missing in 11 cases (0.4%) that were not considered in the analysis of treatment
effects. The percentages of missing values were negligible for all the confounders except for
DLCO. The main analysis excluded DLCO as confounder, so 14 variables were used to build the
propensity score in a complete-case analysis since only 1.8% of the patients had missing values
in some of the covariates included (Table 2). The propensity score distribution to prove the
overlap assumption is shown in a density plot (Figure 1). Only 9 patients in the VATS group
(0.6%) had a propensity score higher than the maximum propensity score value in the open
group, while only 2 patients in the open group (0.2%) had a propensity score lower than the
minimum value in the VATS group.

After IPSW, the ratios of VATS to thoracotomy were 1339:1324 patients in the treatment
analysis and 1347:1317 patients in the ITT analysis. Covariate balance was proved (Figure 2).

PSM 1:1 without replacement and a calliper width of 0.035 yielded 872 matched pairs in the
treatment analysis and 705 matched pairs in the ITT analysis. Most of the covariates reached
an excellent balance after matching (Table 3). The proportions of cases matched to 1 control
were 54.2% (treatment analysis) and 37.6% (ITT analysis).

After PSM with replacement, 2664 patients (1608 VATS and 1056 open) in the treatment
analysis and 2663 patients (1877 VATS and 786 open) in the ITT analysis were matched to 1, 2
or 3 counterparts. Independently of the matching ratios and calliper widths, most of the
covariates reached an excellent balance (Figure 3).

Based on the treatment analysis, VATS was consistently associated to a lower 90-day mortality
rate according to the ATE and ATT estimators, whatever the propensity score technique or



algorithm used. However, in the case of ITT analysis, the still lower mortality after VATS was
associated to non-significant ATE and ATT, in terms of absolute and relative risk reductions, in
all the cases (Table 4).

In the conditional logistic model after PSM 1:1 (no replacement and calliper width 0.035), the
results obtained after treatment analysis (OR = 0.38; 95% Cl 0.20-0.73; P = 0.004) and ITT
analysis (OR =0.71; 95% Cl 0.38-1.33; P = 0.283) were consistent with the ATE and ATT
estimators. After adjusting the fixed-effect models by surgeon experience (humber of VATS
procedures and seniority) and department experience (surgical volume and VATS rate) the odds
ratios were similar to those in the non-adjusted matched treatment analysis (OR = 0.34; 95% ClI
0.15-0.79; P = 0.012) and lower, though still non-significant, in the ITT analysis (OR = 0.41; 95%
C10.13-1.25; P =0.117).

In the sensitivity analysis, the close to zero c-dependence values under which the conclusions
still held (treatment analysis 0.135 and ITT analysis 0.09) meant a high sensitivity of the ATE
estimator to hidden bias (Figure 4). In addition, the maximum I value at which significant P-
values were obtained (I = 1.5) showed that the ATT estimation of this study is sensitive to bias
(unobserved variables) able to increase the odds of receiving VATS in more than 50%.

In the main analysis, we did not consider DLCO because of the high rate of missing values
(15.2%). However, in a secondary analysis including DLCO as a covariate to build the propensity
score, the ATE and ATT estimators after IPSW were equivalent to those obtained in the main
analysis. Moreover, the sensitivity analysis showed an even higher potential impact of
unmeasured or unobservable confounders (I' = 1.15).

Discussion

Our main finding was that VATS can reduce 90-day mortality after an anatomical lung resection
for lung cancer. However, this beneficial effect decreased and turned out to be non-significant
when an ITT analysis was performed. Noteworthy, these findings were consistent along all the
propensity score algorithms carried out. Finally, the high sensitivity of our analysis to hidden
bias highlights that the potential impact of unmeasured and unobservable confounders in
observational studies comparing VATS and open surgery could be determinant.

The results of the few studies comparing the impact of the surgical approach on 90-day
mortality lead to contradictory conclusions. Limited statistical power secondary to small
sample sizes and surprisingly low mortality rates could partly explain non-conclusive findings
[1, 6, 7]. However, when analysing the results obtained by large institutional cohorts, significant
statistical differences could only correspond to clinically trivial treatment effect [15].

In the thoracic surgery literature, useful recommendations have been made to improve
reporting based on the propensity score analysis, since this analytic approach is not as
straightforward as regression analysis [16]. Considering the recommendations by the European
Society of Thoracic Surgeons in its statistical primer report, we carried out the 2 advised
methods, IPSW and PSM with calliper [13]. In addition, to assess the consistency of our results,
we put into practice different matching algorithms (treated to control ratios, calliper widths
and replacement versus no replacement matching).

The use of 2 propensity scores techniques comparing outcomes after VATS or open lung
resection is an exception [10]. Pages et al. published the results by a French nationwide study



evaluating the impact of surgical approach on short- and long-term outcomes after lobectomy
for lung cancer. In this large cohort (n = 24,811) recruited throughout an 8-year period, only
4.9% of the cases were operated on by VATS. It is noteworthy that the significance level
obtained in a few outcomes differed between the propensity score strategies used (IPSW
versus PSM). However, regarding 30-day mortality, both IPSW and PSM failed to demonstrate a
significant reduction after VATS (PSM OR = 0.89, 95% Cl 0.45-1.81; IPSW OR =0.74, 95% ClI
0.37-1.45).

The importance of an ITT strategy when evaluating the impact of the surgical approach was
highlighted in one of the first meta-analyses published comparing VATS and thoracotomy [17].
However, the information about conversion from VATS to open surgery is not always registered,
even in case of national and international registries [6, 8, 10, 18, 19]. Consequently, ITT analysis
is not a wide practice in the thoracic surgery literature and, therefore, the benefit conferred to
VATS when evaluating treatment effects could be misleading. In fact, the higher the rate of
conversion from VATS to open the higher the potential discrepancy between treatment and ITT
analyses. In this regard, despite a higher rate of VATS in our cohort (60.2%) than the one
reported by many nationwide and multicentre registries, the proportion of conversion we are
reporting (14.3%) is notably superior compared to some recognized series ranging from 2% to
9% [11, 20, 21]. Risk of conversion in a recent metanalysis was 9.6% (95% Cl: 6.6—13.9%) [22].
We cannot conclude about the reasons for our higher conversion rate. However, nationwide
representativeness, data audit that involved all the participating centres, or just a matter of
disposition of surgeons, more prone to starting the procedure by VATS in our country, could be
some of the hypotheses. In addition, although anyone could expect that higher VATS rates are
parallel to lower conversion rates because of experience acquisition, this reasoning could be
conflicting depending on the scenario and the type of cohort in question, for example single
centre versus multicentre. In this regard, our relatively high conversion rate could simply
represent a consequence of our directly proportional high VATS rate.

Although some studies argue that conversion from VATS to open does not entail a surgical
failure, other series have associated conversion to worse outcomes in terms of postoperative
morbidity [20, 23]. Our study would support a detrimental effect associated to conversion.
However, more detailed and specific analyses comparing converted VATS to straight
thoracotomy could generate insightful knowledge about the implications of conversion itself
and the most appropriate disposition towards starting the procedure by VATS.

ITT analysis is claimed as the gold standard in randomized control trials to reflect a pragmatic
clinical scenario, to maintain prognostic balance generated from the original randomization and
to give an unbiased estimate of treatment effect. However, we considered important at this
stage when most of the studies dealing with VATS are still reporting their results based on a
treatment analysis, to include this less conservative strategy of analysis so that we could still
compare our findings with the coetaneous literature. To our knowledge, this is the first
manuscript that evaluate the impact of the surgical approach on short-term mortality after
lung resection, comparing a treatment and ITT analysis.

Limitations

The main drawback in multicentre voluntary registries is related to selection bias and data
quality. Although the details of our audit were previously reported, we cannot reject residual
bias at this stage [12].



As previously published, to calculate our sample size, we considered 2% absolute risk
difference in 90-day mortality as relevant in practice (4% vs 2%), and an expected 25% of cases
by VATS [12]. Because of the underestimated 90-day mortality rate difference between VATS
and Open (1.16% vs 3.9%) and the higher-than-expected VATS rate (60%), the statistical power
of our 'positive' conclusion in the treatment analysis (99%) is higher than the conventional
80%. However, in the ITT analysis, the lower difference in mortality between both approaches
(1.78% vs 3.36%) and the lower proportion of control patients (29%) could be the reasons for a
limited power (69%) of our 'negative' results.

Missing values are another cornerstone in observational studies. Although DLCO was the only
covariate with a missing rate of higher than 2% (415/2721 patients 15%), this respiratory
parameter has been proved as one of the most determinant risk factors after lung resection,
even in our own cohort [24-26]. Despite equivalent results in a post hoc analysis based on the
subgroup of patients with this value present, confounding bias cannot be excluded.

Despite the national representativeness of the GEVATS cohort, since it would have included
50% of the anatomical lung resections performed in Spain over the 15-month recruitment
period, the high audited rate of VATS registered (60%) could compromise the exportation of
our results to other national or local scenarios with an important discrepancy in VATS
implementation [12]. However, the equipoise in our study in terms of the proportion of
patients in each group compared to other series makes it less likely that either our open group
represents a strongly selected collection of challenging cases or our VATS group a strongly
selected collection of favourable cases [6, 10, 27].

PSM is considered to jeopardize the generalization of its conclusions when matched sample
size is lower than 50% of the original sample. In our study by carrying out PSM 1:1 without
replacement and calliper width 0.035, the proportion of matched sample was 64% and 52%
after treatment and ITT analysis, respectively. Nevertheless, the results obtained after such
PSM algorithms were equivalent to those reached after making use of all the sample with
other propensity score techniques, which seems to preserve our conclusion at a more general
setting.

Finally, hidden bias is a ubiquitous problem in every observational study, even in case of a
rigorous propensity score analysis, and sensitivity test tries to get a better understanding of this
obstacle to obtain reliable estimators. However, this type of analysis is exceptional in thoracic
surgery [10]. The study published by Pagés et al. from the Epithor database reported a high
sensitivity to unobservable confounders when estimating postoperative death (I' = 1.6). Our
results were very similar (I = 1.5), even after including DLCO as a covariate in the propensity
score analysis (I = 1.2, the closer to 1 the more sensitive our estimations to hidden bias).
Consequently, the reliability of our estimations should be cautiously admitted until more

robust evidence.

Conclusion

Having in mind the exclusion criteria previously referred (pneumonectomy and extended
resection), VATS was consistently shown to reduce 90-day mortality by 65—70% after an
anatomical lung resection for lung cancer in the GEVATS cohort. However, drawn on the ITT
analysis including patients converted to open surgery into the VATS group, this benefit
decreased to the extent of obtaining statistically non-significant, though potentially



underpowered, differences. Until upcoming evidence comparing converted VATS to straight
thoracotomy, an effort should be made to optimize the beneficial effect of VATS on short-term
mortality after an anatomical resection for lung cancer. In the analysis of hidden bias, we
demonstrated that the treatment effect estimators were highly sensitive to unobservable
confounders, which could only be overcome in a sufficiently large multicentre randomized trial.
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Tables and Figures

Table 1: Unadjusted analysis of in-hospital mortality and 90-day mortality related to the
surgical approach performed, drawn on treatment and intention-to-treat analysis

Treatment Intention-to-treat
analysis analysis
Open, n/N  P- Open, n/N P-
VATS, n/N (% VATS, n/N (%
n/N (%) (%) Value /N (%) (%) Value
In-h ital 18/1083 12/810
n-hospita 11/1638 (0.67) %/ 0019 17/1911 (0.89) / 0.169

mortality (1.66) (1.48)



Treatment Intention-to-treat
analysis analysis

90-Day 42/1077 27/804
. 19/1633 (1.16) <0.001 34/1906 (1.78) 0.012
Mortality (3.9) (3.36)

Note: Ninety-day mortality rate in case of VATS converted to thoracotomy was 5.49% (15/273
patients) compared to 3.36% in case of straight thoracotomy (27/804 patients).

VATS: video-assisted thoracic surgery.

Table 2: Univariate analysis showing the association between baseline, oncologic and surgical
variables with the surgical approach

Variable VATS, n = Open, n= Standardized P- Missing
1638 1083 differences Value (%)
Baseline variables
Male 1103 (67.3) 782(72.3) -0.107 0.006 0.04
Age 67 (60-73) 66(59-73) 0.079 0.195 0
BMI ig:g)(zw— ig:;(23-8- -0.013 079 2.02
Smoking history 1393 (86.2) 931(87.6) -0.042 0.284 1.51
High blood pressure 768 (47) 482 (44.5) 0.049 0.207 0.11
Ischaemic heart disease 153 (9.3) 104 (9.6) -0.008 0819 0
Arrhythmia 132 (8.1) 96 (8.9) -0.029 0.453 0.04
Cerebrovascular accident 88 (5.4) 60 (5.6) -0.007 0.846 0.04
Diabetes 301(18.4) 214(19.8) -0.035 0.361 0.04
Creatinine >2 mg/dl 52(3.2) 26 (2.4) 0.047 0.235 0.04
SHLIIT‘;Z?;Of thoracic 64(3.9)  69(6.4)  -0.111 0.004 0
MRC dyspnoea >1 564 (34.4) 439 (40.6) -0.127 0.001 0.04
FEV1 90 (76-104) 85(73-97) 0.259 <0.001 0.96
DLCO 82 (69-98) 80(67-92) 0.147 <0.001 15.25

ASA 3-4 879 (53.7) 642(59.5) -0.115 0.003 0.26



VATS, n = Open, n= Standardized P- Missing

Variable 1638 1083 differences Value (%)
Oncologic/surgical

variables

Tumour size 21(15-32) 30(16-45) -0.434 <0.001 0.44
Central tumour 410(25.1) 523(48.3) -0.497 <0.001 0.11
cN2-3 (CT scan) 107 (6.5) 144 (13.3) -0.227 <0.001 0.15
cN2-3 (PET scan) 161 (9.9) 205 (19) -0.261 <0.001 0.15
Neoadjuvancy 70 (4.3) 123 (11.4) 0.266 <0.001 0
Right haemithorax 1007 (61.5) 636(58.7) 0.056 0.151 O
Bilobectomy 21 (1.3) 90 (8.3) -0.333 <0.001 0
Segments 3 (3-5) 4 (3-5) -0.112 0.003 0.04
Notes:

e History of thoracic surgery: thoracic surgery performed previously under general
anaesthesia.

e Modified MRC dyspnoea scale.

e Central tumours were considered when located in the inner one-third of the
hemithorax.

e Functioning segments resected were evaluated by CT scan.

e Bold: variables with a P-value of <0.2 and/or standardized differences >0.1 were
included in a logit model to calculate the propensity scores.

BMI: body mass index; MRC: Medical Research Council; VATS: video-assisted thoracic surgery.

Table 3: Number of matched patients and covariate balance after propensity score matching
1:1 without replacement and calliper width 0.035

Treatment analysis Intention-to-treat
Variable matched 872 analysis matched 705
VATS:872 open VATS:705 open
Open VATS SMD Open VATS SMD
n (%) / n (%) /
n(%)/ mean (SD) mean n (%) / mean (SD) mean

(SD) (SD)



Variable

Male

Age

History of thoracic
surgery

MRC dyspnoea =1

FEV1

ASA 3-4

Size tumour

Central tumour

N2-3 (CT scan)

N2-3 (PET scan)

Neoadjuvancy

Right haemithorax

Bilobectomy

Functioning
segments
resected

Notes:

e History of thoracic surgery: thoracic surgery performed previously under general

Treatment analysis
matched 872
VATS:872 open

623 (71.4)

65.5 (10.4)

53 (6.1)

347 (39.8)

86.8 (18.6)

506 (58)

29.5 (19.6)

357 (40.9)

84 (9.6)

131 (15)

65 (7.5)

503 (57.7)

22 (2.5)

3.65 (1.31)

anaesthesia.

Intention-to-treat
analysis matched 705
VATS:705 open

618

501 (70.9
(70.9)  0.012 (70.9)
66.1
0.055 65 (10.4)
(9.43)
48 (5.5 47 (6.6
(5:5) 9,024 47 (6:6)
351 288 (40.7)
(40.3)  0.009 '
87.4
0.031 84.9 (19)
(20.5)
530
413 (58.4
(60.8) 0.056 (58.4)
27.9
32.3(21.3)
(17.5) 0.079
335
341 (48.2
(38.4) 0.051 (48.2)
85 (9.7 91 (12.9
(-7) 5 003 91 (129)
122 (14) 129 (18.2)
0.029
59 (6.8 76 (10.7
(6:8) 026 76 (107)
511
417 (59)
(58.6) 0.018
21(2.4) 42 (5.9
(2:4) 5 007 4232
3.67
0.014 3.67 (1.36
(1.22) (1.36)

502 (71)

65.4
(9.7)

46 (6.5)

289
(40.9)

85.9
(19.5)

0.003

0.043

0.006

0.003

0.053

438 (62)

30.6
(20.1)

333
(47.1)

90
(12.7)

125
(17.7)

66 (9.3)

0.072

0.082

0.022

0.004

0.014

0.047

431 (61)

38 (5.4)

3.7
(1.32)

0.040
0.024

0.017



e Modified MRC dyspnoea scale.

e Central tumours were considered when located in the inner one-third of the
hemithorax.

MRC: Medical Research Council; SD: Standard deviation; SMD: standardized mean differences;
VATS: video-assisted thoracic surgery.

Table 4: Treatment effect of video-assisted thoracic surgery on 90-day mortality after inverse
probability score weighting in the treatment and intention-to-treat analyses

P
Omeans ATT
(95% Cl)
Absolute risk  Relative risk Absolute risk  Relative risk
reduction (95% reduction (95% reduction (95% reduction (95%
cl) cl) cl) cl)
Treatment
analysis
Open 3.65%
P (2.48-4.82)
VATS 1.11% (0.6— 2.54% (1.27 to 69.6% (52.7to 2.25% (0.88to 65.6% (45.7 to
1.61) 3.81) 86.5) 3.62) 85.5)
P-Values <0.001 <0.001 0.001 <0.001
Intention-to-
treat analysis
Open 2.87%
P (1.70-4.05)
VATS 2.16% 0.72% (-0.74 to 24.9% (-0.68 to 0.83% (-0.53 to 31.3% (-7.6 to
(1.29-3.03) 2.17) 18.1) 2.18) 70.2)
P-Value 0.337 0.257 0.232 0.115

ATE: average treatment effect; ATT: average treatment effect on the treated; Cl: confidence
interval; POmeans: potential outcome means; VATS: video-assisted thoracic surgery.

Figure Legends

Figure 1: Distribution of the propensity scores in the (a) treatment and (b) intention-to-treat
analyses.

Figure 2: Balance plot of covariates after inverse probability score weighting (treatment and
intention-to-treat analysis).



Figure 3: Balance plot of covariates after propensity score matching (intention-to-treat
analysis).

Figure 4: Average Treatment Effect bounds based on incremental c-dependence parameter
values. (Vertical dot-dashed lines indicate the breakdown points.)
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