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Background: Cholecystectomy, hepatectomy, and lymphadenectomy are recommended as the curative treatment for resectable
gallbladder cancer (GBC). Textbook outcomes in liver surgery (TOLS) is a novel composite measure that has been defined by expert
consensus to represent the optimal postoperative course after hepatectomy. This study aimed to determine the incidence of TOLS
and the independent predictors associated with TOLS after curative-intent resection in GBC patients.
Methods: All consecutive GBC patients who underwent curative-intent resection between 2014 and 2020 were enrolled from a
multicenter database from 11 hospitals as the training and the internal testing cohorts, and Southwest Hospital as the external testing
cohort. TOLS was defined as no intraoperative grade greater than or equal to 2 incidents, no grade B/C postoperative bile leaks, no
postoperative grade B/C liver failure, no 90-day postoperative major morbidity, no 90-day readmission, no 90-day mortality after
hospital discharge, and R0 resection. Independent predictors of TOLS were identified using logistic regression and were used to
construct the nomogram. The predictive performance was assessed using the area under the curve and calibration curves.
Results: TOLS was achieved in 168 patients (54.4%) and 74 patients (57.8%) from the training and internal testing cohorts, and the
external testing cohort, respectively. On multivariate analyses, age less than or equal to 70 years, absence of preoperative jaundice
(total bilirubin≤3 mg/dl), T1 stage, N0 stage, wedge hepatectomy, and no neoadjuvant therapy were independently associated with
TOLS. The nomogram that incorporated these predictors demonstrated excellent calibration and good performance in both the
training and external testing cohorts (area under the curve: 0.741 and 0.726).
Conclusions: TOLS was only achieved in approximately half of GBC patients treated with curative-intent resection, and the
constructed nomogram predicted TOLS accurately.
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Introduction

Gallbladder cancer (GBC), accounting for ~80% of all biliary
tract tumors, is common[1]. In 2018, there were more than
200 000 new cases of GBCworldwide[2]. Curative resection is the
only treatment that can cure this disease. In 2021, the National
Comprehensive Cancer Network (NCCN) updated the surgical
treatment to include cholecystectomy, hepatectomy, and lym-
phadenectomy for all patients with resectable GBC[3]. This
operation can provide long-term survival outcomes, but the
complexity of surgery can result in perioperative morbidity and
mortality rates which range from 16.2 to 25.0%, and from 0.7 to
1.6%, respectively[4]. Previous reported studies on short-term
outcomes for GBC patients after surgery focuced on single out-
comes of morbidity and mortality, which do not reflect the actual
assssment of the quality of the surgical procedure from the
patient’s perspective[5,6].

For any patient undergoing a complex surgery, a compre-
hensive and accurate assessment of the short-term outcomes is
very important, and is conducive to the improvement of sur-
gical strategies and decision-making[7]. Although a single
outcome can still be used to improve in certain specific ways,
there are many disadvantages of using a single outcome in an
individual patient[5,6]. In addition, the use of an individual
outcome to compare hospital performance across institutions
is not comprehensive. Therefore, using a composite outcome
to assess the short-term outcomes of surgery is better[8,9].
Textbook outcome (TO) is a novel, patient-centered compo-
site outcome that aggregates all the desirable short-term
outcomes[10]. If a patient achieves all these desirable out-
comes, then the patient has achieved the most desirable or
TO. In addition, TO not only can be used to assess the short-
term prognosis of an individual, but it can also be used to
compare the performance of different institutions[11].
However, TO in the past was usually defined by a single
expert or a small group of surgeons, making it less author-
itative and limited its general acceptance. Görgec et al. con-
ducted an international single-round survey among all
members of the European-African and International Hepato-
Pancreato-Biliary Associations to propose the first interna-
tional definition of TO in Liver Surgery (TOLS)[12], which
provides a standardized criteria to evaluate patients under-
going liver surgery worldwide.

With the change in the recommended method of curative
resection for GBC, the number of patients who undergo hepa-
tectomy in addition to cholecystectomy and lymphadenectomy
for curative resection will increase significantly. However, TOLS
has not been applied to assess the short-term outcomes for GBC
patients. To our knowledge, this is the first study to use TOLS to
assess the surgical quality in GBC patients treated with curative-
intent resection. Specifically, this study determined the incidence
of TOLS and the independent predictors associated with TOLS by
using a multicenter database maintained prospectively by 11
professional hepatobiliary centers on GBC patients treated with
curative-intent resection. In addition, this study constructed and
tested a nomogram in predicting the probability of achieving
TOLS in GBC patients treated with curative-intent resection.

Methods

Patient selection

The data of this study came from a prospectively maintained
multicenter database and from Southwest Hospital, which
were used as the training and internal testing cohorts, and the
external testing cohort, respectively. The database of the
training and internal testing cohorts came from 11 tertiary
hospitals in China, including Capital Medical University
Affiliated Beijing Friendship Hospital, The First Affiliated
Hospital of USTC, Lanzhou University First Affiliated
Hospital, The Affiliated Hospital of Guizhou Medical
University, Jiujiang First People’s Hospital, Xijing Hospital,
Zhejiang University School of Medicine Second Affiliated
Hospital, First Affiliated Hospital of Anhui Medical
University, Henan Provincial Tumor Hospital, Xi’an Jiaotong
University Medical College First Affiliated Hospital, Sun Yat-
sen University First Affiliated Hospital. The external testing
cohort came from Southwest Hospital.

The same inclusion and exclusion criteria were used in all
these cohorts. All the consecutive patients were treated with
curative-intent resection for a newly diagnosed GBC from
January 2014 to January 2020. The diagnosis of GBC was
confirmed by postoperative pathological examinations. The
cohorts excluded patients who a) did not undergo hepa-
tectomy; b) underwent pancreaticoduodenectomy; c) lacked
perioperative essential variables; d) were lost to follow-up
within 90 days after hospital discharge; and e) underwent
laparoscopic/robotic surgery. Approval for this study was
obtained from the Ethics Committees of all the hospitals. All
patients provided written informed consent, Supplemental
Digital Content 2, http://links.lww.com/JS9/A591 prior to
receiving treatment. This retrospective study was registered
with ResearchRegistry.com (Unique Identification Number:
researchregistry8541). Data has been reported in line with
STROCSS 2021 criteria[13], Supplemental Digital Content 1,
http://links.lww.com/JS9/A590.

HIGHLIGHTS

• Textbook Outcomes in Liver Surgery (TOLS) is a novel
composite measure that has been defined by expert con-
sensus to represent the optimal postoperative course after
hepatectomy.

• TOLS was only achieved in approximately half of gall-
bladder cancer (GBC) patients treated with curative-intent
resection, which consisted of cholecystectomy, liver resec-
tion, and lymphadenectomy.

• Age less than or equal to 70 years, absence of preoperative
jaundice (total bilirubin≤3 mg/dl), T1 stage, N0 stage,
wedge hepatectomy, and no neoadjuvant therapy were
independently associated with TOLS in GBC patients
treated with curative-intent resection.

• A nomogramwas constructed in predicting TOLS for GBC
patients treated with curative-intent resection.
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Surgical procedure

Based on the NCCN recommendations, curative-intent resection
included at least cholecystectomy, hepatectomy, and lymph node
dissection[3]. There were three types of hepatectomy, namely right
hemihepatectomy, segment 4B +5 resection, and wedge hepa-
tectomy. Right hemihepatectomy was defined as resection of
Couinaud’s liver segments 5–8, based on the H5678 definition of
the ‘New world’ hepatectomy terminology[14]. Segment 4B + 5
resection was defined as anatomic resection of Couinaud’s liver
segments 4B + 5[15]. Wedge hepatectomy was defined as hepa-
tectomy of the gallbladder fossa with a 3~4 cm margin in the
liver[15]. Additional procedures, such as vascular reconstruction,
common bile duct resection, hepaticopancreaticoduodenectomy,
and choledochojejunostomy were based on the discretion of the
surgical team according to the extent of tumor invasion. Each
operating surgeon had the experience of more than 100 hepa-
tectomies per year.

Data collection

The data in the multicenter databases was collected prospectively,
and maintained dynamically. The data was analyzed retro-
spectively for the training and internal testing cohorts to include
age, sex, American Society of Anesthesiologists score, comorbid-
ity, preoperative jaundice, tumor discovery time, total bilirubin
(TB), albumin, alanine aminotransferase (ALT), international
normalized ratio (INR), carcinoembryonic antigen, carbohydrate
antigen 19-9, adenocarcinoma tumor size, peripheral nerve
invasion, tumor differentiation, intraoperative blood loss, type of
hepatectomy, bile duct procedure, adjuvant therapy, neoadjuvant
therapy, and 8th American Joint Committee on Cancer (AJCC)
staging[16]. The upper or lower limit of normal values was used to
divide patients into the normal and high/low groups, including
35 g/l for albumin, 40 U/l for ALT, 1.15 for INR, 5 ug/ml for
carcinoembryonic antigen, and 37 U/l for carbohydrate ant-
igen 19-9. Preoperative jaundice was defined as preoperative
TB>54 µmol/l (3 mg/dl)[17].

Definition of TOLS

The definition of TOLS was based on the International Expert
Delphi Consensus in Liver Surgery, to include: no intraoperative
grade greater than or equal to 2 incidents (as defined by the Oslo
classification)[18], no postoperative grade B/C bile leak (as defined
by the International Study Group of Liver Surgery)[19], no post-
operativegrade B/C liver failure (as defined by the International
Study Group of Liver Surgery)[20], no postoperative major mor-
bidity (Clavien–Dindo grade III–IV) within 90 days[21], no
readmission within 90 days due to surgery-related major mor-
bidity (Clavien–Dindo grade ≥ III), no mortality within 90 days
after hospital discharge, and R0 resection[12]. R0 resection was
defined as a histological tumor-free margin ≥ 1 mm. Only when
all the seven predetermined outcomes were achieved was the
patient considered to have achieved TOLS. The sources of all
clinical history could be divided into two parts: during hospita-
lization, all clinical history was sourced from the medical com-
ments and nursing comments; from discharge to 90 days after
discharge, all clinical history was sourced from outpatient
records, consultation, and phone call.

Statistical analysis

Continuous values were expressed as mean± SD or median
(quartile), The student t test or Mann–Whitney U test was used as
appropriate. Categorical variables were expressed as numbers and
percentages, and the χ2 test or Fisher’s exact test was used as
appropriate. In the training and testing cohorts, all patients were
divided into the TOLS and non TOLS groups, and baseline data
between groupswere compared. A line graphwas used to reflect the
distribution and probability of achieving TOLS in the training
cohort. The probability of achieving TO is calculated separately for
patients treated with wedge hepatectomy, segment IVB + V
resection, and right hemi hepatectomy in the training cohort.
Univariate and multivariate analyses were performed using logistic
regression with forward stepwise variable selection to identify
independent predictors associated with TOLS. In the multivariate
logistic regression analyses, only variables with a
P value<0.10 in the univariate analyses were included.
To choose the nomogram factors, variables independently asso-
ciated with TOLS and were clinically accessible to construct the
nomogram were selected. The predictive performance in the
training and testing cohorts was assessed using discrimination and
calibration. The area under the receiver operating characteristic
(ROC) curve was used to calculate the area under curve (AUC) to
measure the discrimination. The calibration plot was assessed using
the Hosmer–Lemeshow test. The predictive performance of the
nomogram was compared with the 8th AJCC stage using ROC
curves and decision curve analysis (DCA) in the training and testing
cohorts. DCA displayed the true- and false-positive fractions as
functions of the risk threshold, which compensated for the defi-
ciency of the ROC curves. SPSS 26.0 (SPSS) and R software (ver-
sion 3.5.2. http://www.r-project.org/) were used for statistical
analysis in this study. An online nomogram was constructed for
better clinical application and promotion. A P value<0.05 with a
two-tailed test was considered to indicate a significant difference.

Results

Patients selection

The study process and patient selection are shown in Figure 1.
There were 309 patients in the training and internal testing
cohorts and 128 patients in the external testing cohort. In the
training cohort, 120 patients were males (38.8%) with the
mean ± SD age of 63.0 ± 10.5 years, 76 patients had pre-
operative jaundice (24.6%), the median tumor size was 26.0
(15.0, 40.0) mm, 33 patients had T3/T4 stage GBC (10.7%),
43 patients had N2 stage GBC (13.9%), 213 patients under-
went wedge hepatectomy (68.9%), 57 patients underwent
segment 4B + 5 resection (18.4%), and 139 patients underwent
right hemihepatectomy (12.6%).

Distribution of TOLS

In both the training and external testing cohorts, the percentage
achieved for each short-term outcome was calculated, as shown
in Supplemental Table 1, Supplemental Digital Content 3, http://
links.lww.com/JS9/A593. TOLS was achieved in 168 patients
(54.4%) in the training cohort and in 74 patients (57.8%) in the
external testing cohort. There were no postoperative major
morbidities within 90 days in 74.4% of patients, no post-
operative grade B or C liver failure in 96.8%, no readmission
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within 90 days after hospital discharge due to major morbidities
in 94.5%, and no intraoperative grade greater than or equal to 2
incidents in 95.5% (Fig. 2). In addition, the probabilities of
achieving TO were 59.2 (126/213), 49.1 (28/57), and 35.9
(14/39), respectively, for patients treated with wedge hepa-
tectomy, segment IVB + V resection, and right hemi hepatectomy
in the training cohort.

Predictors associated with TOLS

The baseline characteristics between the TOLS and non TOLS
groups in the training cohort are shown in Table 1. Fewer TOLS

patients had preoperative jaundice, lower levels of TB, ALT, and
INR, higher levels of albumin, earlier T, N, and AJCC tumor
stages, a larger extent of hepatectomy, and fewer patients with
neoadjuvant therapy. The baseline characteristics between the
TOLS and non TOLS groups in the external testing cohort are
shown in Supplemental Table 2, Supplemental Digital Content 4,
http://links.lww.com/JS9/A594. The results of univariate and
multivariate logistic regression analyses for TOLS in the training
cohort are shown in Table 2. On multivariate logistic regression
analyses, age less than or equal to 70 years, absence of pre-
operative jaundice (TB≤3 mg/dl), T1 stage disease, N0 stage
disease, wedge hepatectomy, and no neoadjuvant therapy were

Figure 1. Patient selection for GBC. GBC, gallbladder cancer; TOLS, Textbook outcomes in Liver Surgery.

Figure 2. Distribution of TOLS for GBC from the training cohort.
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independently associated with TOLS in GBC patients treated
with curative-intent resection.

Development and validation of the nomogram for TOLS

Using the independent variables derived from the multivariate
analysis, a nomogram to predict the probability that a patient
would experience TOLS after curative-intent resection of GBC
was constructed (Fig. 3). Each variable in the nomogram was
assigned a score, and the total score of the nomogram was
obtained by adding the scores obtained for each of these
variables. A vertical line was then drawn downward to obtain
a total score, which represented the probability of a patient in
achieving TOLS. The score for each factor and the calculation
formula are shown in Supplemental Table 3, Supplemental
Digital Content 5, http://links.lww.com/JS9/A604. For better
promotion in clinical practice, the nomogram is available
online at the following free website: https://liupredictionmodel.

shinyapps.io/GBC_TOLS/. In both the training and external
testing cohorts, the nomogram demonstrated good calibration
for risk estimation, (Figs. 4A and 4B) and good accuracy in
assessing the probability of TOLS, with an AUC of 0.741
(95% CI: 0.689–0.789) in the training cohort and 0.726 (95%
CI: 0.640–0.801) in the external testing cohort (Figs. 4C and
4D). The optimal nomogram cutoff value was 288, with the
corresponding probability of TOLS being 58.4%. The sensi-
tivity and specificity for the nomogram in predicting TOLS
were 79.2 and 58.2%, respectively, in the training cohort, and
70.3 and 68.5%, respectively, in the external testing cohort.

Comparison of predictive ability of different models

The AUC of the nomogram was significantly higher than the AUC
of the eighth AJCC staging in both the training (0.741 versus 0.628,
P<0.001) and the external testing (0.726 versus 0.621, P<0.001)
cohorts (Figs. 5A and 5B). The DCA curve revealed that the range

Table 1
Baseline characteristics for GBC between TOLS and Non TOLS group in training cohort.

Variables Total (N= 309) TOLS (N= 168) Non TOLS (N= 141) P

Age, yearsa 61.4± 10.5 61.1± 10.4 61.8± 10.7 0.580
Male 120 (38.8) 71 (42.3) 49 (34.8) 0.177
ASA score> II grade 20 (6.5) 7 (4.2) 13 (9.2) 0.072
Comorbidity 99 (32.0) 52 (31.0) 47 (33.3) 0.655
Preoperative jaundice 76 (24.6) 28 (16.7) 48 (34.0) < 0.001
Preoperative PTCD 23 (7.4) 14 (8.3) 9 (6.4) 0.515
Incidentally discovered 31 (10.0) 13 (7.7) 18 (12.8) 0.143
TB, umol/mla 15.3 (10.8, 41.3) 14.7 (10.9, 22.5) 17.6 (10.7, 76.7) 0.049
Albumin, g/la 39.6± 5.8 40.3± 6.0 38.7± 5.4 0.012
ALT, U/la 35.0 (17.8, 88.5) 28.0 (17.1, 64.3) 41.3 (18.0, 113.5) 0.012
INRa 0.99± 0.17 0.98± 0.90 1.01± 0.23 0.071
CEA, ug/mla 2.8 (1.7, 5.4) 2.7 (1.6, 4.6) 2.9 (1.9, 6.0) 0.130
CA 19-9, U/la 29.9 (9.3, 194.6) 22.2 (9.7, 131.6) 43.2 (8.3, 300.2) 0.109
Tumor size, mma 26.0 (15.0, 40.0) 24.5 (16.0, 40.0) 27.0 (15.0, 40.0) 0.482
Poor differentiation 104 (33.7) 53 (31.5) 51 (36.2) 0.392
Adenocarcinoma 258 (83.5) 142 (84.5) 116 (82.3) 0.595
8th AJCC T stage < 0.001
T1 93 (30.1) 57 (33.9) 36 (25.5)
T2 183 (59.2) 104 (61.9) 79 (56.0)
T3/T4 33 (10.7) 7 (4.2) 26 (18.4)

8th AJCC N stage < 0.001
N0 174 (56.3) 113 (67.3) 61 (43.3)
N1 92 (29.8) 41 (24.4) 51 (36.2)
N2 43 (13.9) 14 (8.3) 29 (20.6)

8th AJCC staging system < 0.001
I stage 56 (18.1) 41 (24.4) 15 (10.6)
II stage 103 (33.3) 60 (35.7) 43 (30.5)
III stage 106 (34.3) 52 (31.0) 54 (38.3)
IV stage 44 (14.2) 15 (8.9) 29 (20.6)

Type of hepatectomy 0.019
Wedge hepatectomy 213 (68.9) 126 (75.0) 87 (61.7)
Segment IVB + V resection 57 (18.4) 28 (16.7) 29 (20.6)
Right hemi hepatectomy 39 (12.6) 14 (8.3) 25 (17.7)

Intraoperative blood loss, mla 300 (200, 500) 300 (200, 400) 300 (200, 600) 0.451
Bile duct procedureb 142 (46.0) 73 (43.5) 69 (48.9) 0.335
Adjuvant therapy 92 (29.8) 52 (31.0) 40 (28.4) 0.621
Neoadjuvant therapy 47 (15.2) 15 (8.9) 32 (22.7) 0.001

aNote: Continuous values are expressed as the mean± SD or median (quartile).
bThe bile duct procedure included common bile duct resection and cholangiojejunostomy.
AJCC, American Joint Committee on Cancer; ALT, alanine aminotransferase; ASA, American Society of Anesthesiologists; CA 19-9, carbohydrate antigen 19-9; CEA, carcinoembryonic antigen; INR, international
normalized ratio; TB, total bilirubin.
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of the probability thresholds of the nomogramwas higher than that
of the eighth AJCC stage. Thus, the nomogramwasmore beneficial
than the eighth AJCC stage in predicting the probability of TOLS
for GBC (Figs. 5C and 5D). The detailed comparison of the pre-
dictive abilities for TOLS between the nomogram and the eighth
AJCC stage is shown in Supplement Table 4, Supplemental Digital
Content 6, http://links.lww.com/JS9/A606.

Discussion

The NCCN recommends since 2021 that all resectable GBC
patients be treated with cholecystectomy, hepatectomy, and
lymphadenectomy for curative resection[3]. As this recommen-
dation increases the number of patients to undergo hepatectomy
for GBC, surgeons need a better measure to assess the short-term
outcomes of this operation. TOLS, a new composite measure has
been defined by the International Expert Delphi Consensus to
represent the most ideal short-term outcome for patients under-
going hepatectomy[12]. To our knowledge, this is the first study to
use TOLS as a composite measure to assess the short-term out-
comes in GBC patients after curative-intent resection. Our study
showed the contribution of each of the outcome measures in
achieving TOLS can vary greatly: while most patients could
achieve no intraoperative grade greater than or equal to 2 inci-
dents, no postoperative liver failure grade B or C, and no read-
mission within 90 days, it was not common to achieve no
postoperative major morbidities within 90 days. In our study,
42% of patients in the training cohort and 45% of patients in the
external testing cohort failed to achieve TOLS, indicating that
further research to improve the short-term outcomes of this sur-
gery is required. To predict the probability of achieving TOLS in
GBC patients treated with curative-intent resection, a nomogram
was constructed using clinically relevant factors based on a
multicenter database and tested externally in a single center

Table 2
Univariate and multivariate logistic regression analyses for TOLS in the training cohort.

Univariate analyses Multivariable analysesa

Variables Comparison OR (95% CI) P OR (95% CI) P

Age ≤ 70 vs.> 70 (years) 2.215 (1.218–3.831) 0.004 2.365 (1.275–4.387) 0.006
Sex Female vs. Male 0.728 (0.458–1.155) 0.178
ASA score ≤ II vs.> II (grade) 2.336 (0.905–6.026) 0.079 2.457 (0.855–7.061) 0.095
Comorbidity No vs. Yes 1.115 (0.691–1.801) 0.655
Preoperative jaundice No vs. Yes 2.321 (1.362–3.955) 0.002 2.004 (1.085–3.701) 0.026
Preoperative PTCD Yes vs. No 1.333 (0.559–3.180) 0.516
Incidentally discovered No vs. Yes 1.745 (0.823–3.700) 0.147
Albumin ≥ 35 vs.< 35 (g/L) 2.302 (1.240–4.276) 0.008 1.497 (0.710–3.155) 0.289
ALT ≤ 40 vs.> 40 (U/L) 1.779 (1.128–2.807) 0.013 1.093 (0.601–1.990) 0.770
INR ≤ 1.15 vs.> 1.15 2.489 (0.830–7.460) 0.104
CEA ≤ 5 vs.> 5 (ug/ml) 1.552 (0.934–2.578) 0.090 0.961 (0.509–1.812) 0.901
CA 19-9 ≤ 37 vs.> 37 (U/L) 1.701 (1.081–2.677) 0.022 0.994 (0.536–1.665) 0.843
Tumor size ≤ 30 vs.> 30 (mm) 1.049 (0.664–1.657) 0.838
Tumor differentiation Well/Moderate vs. Poor 1.230 (0.766–1.974) 0.392
Adenocarcinoma Yes vs. No 1.177 (0.645–2.148) 0.595
8th AJCC T stage T2a/T2b vs. T3/T4 1.203 (0.723–2.002) 0.478 1.767 (0.864–3.613) 0.119

T1 vs. T3/T4 5.881 (2.313–14.951) < 0.001 6.747 (2.245–20.276) 0.001
8th AJCC N stage N1 vs. N2 1.529 (0.918–2.547) 0.103 1.734 (0.961–3.129) 0.068

N0 vs. N2 3.308 (1.631–6.710) 0.001 5.245 (2.128–12.925) < 0.001
Type of hepatectomy Segment IVB+ V resection vs. Right hemi hepatectomy 1.500 (0.834–2.697) 0.176 1.788 (0.935–3.418) 0.079

Wedge hepatectomy vs. Right hemi hepatectomy 2.586 (1.273–5.255) 0.009 2.559 (1.119–5.848) 0.026
Intraoperative blood loss ≤ 300 vs.> 300 (ml) 1.413 (0.893–2.234) 0.140
Bile duct procedureb No vs. Yes 1.247 (0.796–1.955) 0.336
Adjuvant therapy No vs. Yes 0.883 (0.541–1.444) 0.621
Neoadjuvant therapy No vs. Yes 2.994 (1.547–5.796) 0.001 2.745 (1.325–5.689) 0.007

aNote: The variables found to be significant at P< 0.10 in univariate analyses were entered into multivariate Cox regression analyses.
bThe bile duct procedure included common bile duct resection and cholangiojejunostomy.
AJCC, American Joint Committee on Cancer; ALT, alanine aminotransferase; ASA, American Society of Anesthesiologists; CA 19-9, carbohydrate antigen 19-9; CEA, carcinoembryonic antigen; INR, international
normalized ratio; OR, odds ratio; TB, total bilirubin.

Figure 3. Nomogram for predicting TOLS in GBC treated with curative-intent
resection patients. TB, total bilirubin; TOLS, Textbook outcome in liver surgery.

Liu et al. International Journal of Surgery (2023) International Journal of Surgery

2756

http://links.lww.com/JS9/A606


database. The nomogram showed good fit and prediction
performance in both the training and external testing cohorts.

In traditional surgical oncology, postoperative short-term
outcomes have usually been reported as a single outcome to
include one of the following: morbidity, mortality, margin
status, and length of hospital stay[5,22,23]. Although, such
single outcomes can allow surgeons to make clinical decisions
to enhance certain specific single outcomes, it inevitably is
unable to include all significant and important single out-
comes. In addition, from the perspective of patients, surgical
performance should be judged on whether the outcomes are
‘meeting their ideal or not meeting their ideal’ based on ‘all or

nothing’. The Institute of Medicine in 2001 stated that the
ideal medical process should be safe, effective, patient-cen-
tered, timely, efficient, and equitable[24]. In this context, TO
has been proposed and applied as a comprehensive, patient-
centered measure to assess short-term outcomes in ICC[25] and
HCC[26] patients undergoing liver surgery. However, previous
reported studies on TO were based on the definition of TO by
a small group of surgeons or even by a single surgeon, leading
to these definations not universally accepted.

Recently, an international group of experts proposed the difi-
nitions of TOLS, which can be applied to patients undergoing
hepatectomy as part of the surgical operation[12]. Such a

Figure 4.Applicability verified using calibration and ROC curve of themodel in the training (A andC) and test (B and D) cohorts. AJCC, American Joint Committee on
Cancer; AUC, area under the curve.
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definition of TOLS covers both the perspectives of patients and
operating surgeons. From the perspective of patients, some
important surgical outcomes such as resection margin status can
be overlooked because of their lack of clinical background[27]. In
fact, achieving R0 resection is a very important factor affecting
the long-term outcomes of GBC patients after surgery[28,29].
From the perspective of surgeons, TOLS represents the success of
surgery as TOLS covers both the safety and effectiveness of the
operation. From the perspective of hospitals, TOLS can be used
to compare the quality of surgery among different surgeons and
different hospitals. Hepatobiliary surgeons and institutions that
can achieve high rates of TOLS can share their surgical and
management experiences in promoting the quality of surgery.
When compared with the previous definitions used for TO, TOLS
has the following advantages: First, in the previous definitions of
TO, perioperative transfusion has been considered as an impor-
tant adverse short-term outcome[25,26]. However, there is only
one retrospective study which confirmed perioperative blood
transfusion to be a negative factor affecting survival and recur-
rence in GBC patients after surgery[30], with the resultant lack of
concrete and credible evidence on the effect of perioperative

blood transfusion on survival and recurrence in GBC patients
after surgery. As perioperative blood transfusion is commonly
used in complex hepatectomies, especially in hemodynamically
unstable patients, it should be freely used if needed to these
patients[31]. Second, length of hospital stay has been used as an
important outcome in previous definitions of TO[32,33]. However,
length of hospital stay relates not only on functional recovery, but
it often depends on cultural differences and the organization of
healthcare systems among different countries and regions.

In our study, several factors were found to be independently
associated with TOLS, including age less than or equal to
70 years, absence of preoperative jaundice (TB≤3 mg/dl), T1
stage disease, N0 stage disease, wedge hepatectomy, and no
neoadjuvant therapy. Some of these factors are particularly
important to surgeons because they can be improved to increase
the probability of achieving TOLS in the preoperative period.

Preoperative jaundice has also been shown to be associated
with a higher incidence of postoperative morbidities by a pre-
vious study[34]. Surgeons are able to improve obstructive jaundice
with preoperative biliary drainage. Although the timing of

Figure 5.Model applicability compared with the 8th AJCC stage using receiver operating characteristic ROC curve and decision curve analysis in the training (A and
C) and test (B and D) cohorts. AJCC, American Joint Committee on Cancer; AUC, area under the curve.
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preoperative drainage is still controversial as prolonged biliary
drainage can lead to the progression of tumors.

With recent advances in drug research, neoadjuvant therapy
has been used to downstage a variety of malignant tumors. At
present, no study has clearly demonstrated the benefit of neoad-
juvant therapy for resectable GBC, although the NCCN guide-
lines still recommend a course of neoadjuvant therapy for GBC
patients with preoperative jaundice[3]. Our study did not support
the routine use of neoadjuvant therapy for patients with
resectable GBC.

Curative resection for GBC patients requires a very compre-
hensive preoperative surgical evaluation[35,36]. The NCCN
guidelines clearly state that cholecystectomy, hepatectomy, and
lymphadenectomy are required for resectable GBC[3]. Empirical
major hepatectomy (right hemi-hepatectomy) does not improve
the long-term survival of GBC patients but it increases the risk of
postoperative morbidities[37,38]. Therefore, extended hepa-
tectomy beyond segment 4B +5 resection is not recommended
except for patients with special indications to achieve R0 resec-
tion. Our study showed wedge hepatectomy to achieve better
TOLS than segment 4B + 5 resection. However, a recent study
showed that for T2 GBC patients, segment 4B +5 resection
reduced the risk of recurrence compared with wedge resection[39].
The combined 4B +5 segment resection and neoadjuvant therapy
reduces the probability of achieving TOLS, but it potentially
produce better long-term survival outcomes. Thus, to determine
the type of hepatectomy andwhether to give neoadjuvant therapy
for GBC patients, surgeons need further studies by conducting a
comprehensive preoperative assessment to include the extent of
tumor invasion, physiological status, and liver function of
patients to identify patients with a high-risk of recurrence by
using the GBC survival prediction model. For these patients, it is
worthwhile to sacrifice their probability of achieving TOLS in
exchange for better long-term survival outcomes of these
patients.

Recently, nomograms as predictive tools have been used, based
on some specific variables to predict the risk of achieving a spe-
cific outcome for individuals with a certain disease[25,40]. In our
study, an online nomogram was developed and validated in
predicting the probability of achieving TOLS in GBC patients
treated with curative-intent resection. This nomogram demon-
strated good predictive performance in both the training and the
external testing cohorts in identifying patients before surgery who
are at an increased risk for an adverse postoperative outcome,
thus helping surgeons in improving their surgical decision-
making.

This study has limitations. First, this is a retrospective study
with its inherent biases. The baseline differences between the
training and the external testing cohorts were apparent.
However, this heterogeneity may also be a strength as our results
tend to be closer to a real-world study, which may be more
generalizable. Second, the study lacked data from Western
populations. The applicability of our nomogram to Western
populations has not been confirmed. We have tried to use the
SEER data, but the key perioperative short-term outcomes were
not available in that database. Further studies on Western
populations need to be carried out to validate our nomogram and
results. Third, patients undergoing laparoscopic and robotic
surgery were excluded from this study. There was a lack of good
clinical data on laparoscopic and robotic surgery for GBC
patients, although studies comparing open hepatectomy with

laparoscopic hepatectomy for other liver tumors have been
reported to show laparoscopic hepatectomy to be associated with
fewer postoperative complications and shorter hospital
stays[41,42]. Therefore, separate studies on patients receiving open
or laparoscopic surgery on GBC need to be carried out. Forth,
recently, there have been some new approaches to measuring
morbidity, such as the complication severity score and the com-
prehensive complication index. These methods are able to con-
sider all factors related to morbidity and generate a composite
score, making outcomes easier to compare[43,44]. If the TOLS
definition requires updating in the future, comprehensive com-
plication index or complication severity score could be viable
options formeasuringmorbidity. In addition, we should note that
the Clavien–Dindo classification was considered valid only up to
30 days when it was initially used, but in 2018, it was validated
from a clinical standpoint for up to 90 days[45], and in 2019 from
an economic standpoint[46].

Conclusions

More than half of the GBC patients treated with curative-intent
resection in this study achieved TOLS. Our nomogram well
predicted the probability of achieving TOLS before surgery,
which can help surgeons to make better clinical decisions in
managing and selecting their patients for surgery.
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