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IMPORTANCE Composite measures may be superior to individual measures for the analysis
of hospital performance and quality of surgical care.

OBJECTIVE To determine the incidence of a so-called textbook outcome, a composite
measure of the quality of surgical care, among patients undergoing curative-intent resection
of intrahepatic cholangiocarcinoma.

DESIGN, SETTING, AND PARTICIPANTS This cohort study involved an analysis of a
multinational, multi-institutional cohort of patient from 15 major hepatobiliary centers in
North America, Europe, Australia, and Asia who underwent curative-intent resection of
intrahepatic cholangiocarcinoma between 1993 and 2015. Data analysis was conducted from
April 2018 to May 2018.

MAIN OUTCOMES AND MEASURES Hospital variation in the composite end point of textbook
outcome, defined as negative margins, no perioperative transfusion, no postoperative
surgical complications, no prolonged length of stay, no 30-day readmissions, and no 30-day
mortality. Secondary end points were factors associated with achieving textbook outcomes.

RESULTS Among 687 patients (of whom 370 [53.9%] were men; median patient age, 61
[range, 18-86] years) undergoing curative-intent resection of intrahepatic cholangiocar-
cinoma, a textbook outcome was achieved in 175 patients (25.5%). Being 60 years or younger
(odds ratio [OR], 1.61 [95% CI, 1.04-2.49]; P = .03), absence of preoperative jaundice (OR,
4.40 [95% CI, 1.28-15.15]; P = .02), no neoadjuvant chemotherapy (OR, 2.57 [95% CI,
1.05-6.29]; P = .04), T1a/T1b-stage disease (OR, 1.58 [95% CI, 1.01-2.49]; P = .049), N0 status
(OR, 3.89 [95% CI, 1.77-8.54]; P = .001), and no bile duct resection (OR, 2.46 [95% CI,
1.25-4.84]; P = .009) were independently associated with achieving a textbook outcome
after resection. A prolonged length of stay had the greatest negative association with a
textbook outcome. A nomogram to assess the probability of textbook outcome was
developed and had good accuracy in both the training data set (area under the curve, 0.755)
and validation data set (area under the curve, 0.763).

CONCLUSIONS AND RELEVANCE In this study, while hepatic resection for intrahepatic
cholangiocarcinoma was performed with less than 5% mortality in specialized centers, a
textbook outcome was achieved in only approximately 26% of patients. A textbook outcome
may be useful for the reporting of patient-level hospital performance and hospital variation,
leading to quality improvement efforts after resection of intrahepatic cholangiocarcinoma.
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B ecause surgical outcomes can vary widely among hos-
pitals and surgeons, the quality of surgical care is an in-
creasing area of interest. Specifically, there is a need for

better hospital quality indicators associated with surgery, es-
pecially among patients undergoing complex operative
procedures.1 Although the analysis of individual outcome mea-
sures, such as mortality, morbidity, length of stay (LOS), and
readmission, has advantages, composite benchmarks of sur-
gical quality may be more relevant and helpful.2-8 In particu-
lar, data on a single indicator do not reflect the whole surgical
process and may not reliably measure overall hospital
quality.9-12 Composite measures combine information from
multiple domains into a single summary measure and there-
fore may be superior to individual measures for the analysis
of hospital performance.9,13,14

One composite measure is the textbook outcome (TO),
which provides a comprehensive summary of hospital
performance.15 Specifically, TO includes multiple desirable post-
operative outcomes that, when achieved, represent the ideal (so-
called textbook) hospitalization. In this manner, TO reflects over-
all quality across all domains of performance. In addition, TO
may be easier for both patients and clinicians to interpret when
analyzing quality trends, rather than trying to interpret differ-
ent individual performance indicators.1,16 As a result, TO may
be a more patient-centered benchmark to determine the ideal
hospitalization from the patient perspective.

Although TO has been examined for elective aneurysm re-
pair and colorectal and esophagogastric cancer, the use of TO
to define quality among patients diagnosed with intrahepatic
cholangiocarcinoma (ICC) has not been evaluated.15,17-19 To that
end, the aim of the current study was to define and assess TO
among patients undergoing curative-intent resection of ICC.
Specifically, using a multi-institutional database composed of
high-volume specialized hepatobiliary centers, we assessed
hospital variation associated with the TO composite mea-
sure. In addition, we developed and validated a nomogram to
identify the chance that a patient would experience a TO af-
ter curative-intent resection of ICC.

Methods
Data Sources and Study Population
A multi-institutional database representing 15 major tertiary
hepatobiliary centers in the United States, Canada, Europe,
Australia, and Asia was used to identify patients who under-
went resection of ICC between 1993 and 2015. Patients with
ICC who underwent hepatectomy with curative intent and for
whom information was available on the type of surgery, sur-
gical margins, perioperative transfusion, postoperative com-
plications, LOS, 30-day readmission, and 30-day mortality were
included. The study was approved by the institutional re-
view board of each participating institution and was consid-
ered exempt from informed consent procedures.

Textbook Outcome
The TO for this analysis was defined based on a selection of
6 relevant outcome parameters representing the optimal pa-

tient outcome after surgery: negative margins, no periopera-
tive transfusion, no postoperative surgical complications, no
prolonged LOS (an LOS ≤50th percentile of the total cohort),
no readmissions within 30 days after discharge, and no post-
operative mortality within 30 days after surgery. Tumor mar-
gin was categorized as microscopically negative (R0) or mi-
croscopically positive (R1); a positive resection margin (R1) was
defined as either a margin width less than 1 mm or involved
margins. No patient in the study had macroscopically posi-
tive margins (R2). A perioperative transfusion was defined as
the occurrence of an intraoperative or postoperative transfu-
sion. Readmission was defined as admission to any hospital
within 30 days after discharge. Mortality was defined as death
within 30 days of the index operation. When all 6 desired out-
comes were achieved, the patient was categorized as having
experienced a TO.

Statistical Analysis
Categorical variables were presented as frequencies, and con-
tinuous variables were presented as median and interquar-
tile ranges (IQR) or means and SDs. Patient, tumor, and treat-
ment characteristics were compared among patients who did
or did not have a TO via the Pearson χ2 test for categorical vari-
ables and the Kruskal-Wallis test for continuous variables. Mul-
tivariable logistic regression was used to investigate possible
associations between patient, tumor, treatment characteris-
tics, and TO. Variables in the models were selected based on
factors established in the literature as well as on the basis of
the lowest Akaike information criterion value. A sensitivity
analysis was performed to examine the outcome that changes
in preoperative jaundice, neoadjuvant chemotherapy, nodal
metastasis, and bile duct resection had on the results of the
multivariable analysis. The final multivariable model was used
to develop a nomogram; a validation data set was con-
structed using the bootstrap method, and internal validation
of the predictive model was performed by the bootstrap re-
sampling method. Bootstrap validation is a method of ran-
domly resampling with replacement from an original data set
for conducting statistical inference.20 Model performance was
assessed using receiver operating characteristic curves and the
area under the curve (AUC).

Key Points
Question To determine the incidence of so-called textbook
outcomes, a composite measure of the quality of surgical care,
among patients undergoing curative-intent resection of
intrahepatic cholangiocarcinoma.

Findings In this cohort study of 687 patients undergoing the
reference procedure, a textbook outcome was achieved in
175 patients (25.5%). A nomogram to assess the probability of
textbook outcome was developed and had good accuracy in both
the training data set (area under the curve, 0.755) and validation
data set (area under the curve, 0.763).

Meaning While hepatic resection for intrahepatic
cholangiocarcinoma was performed with less than 5% mortality
in specialized centers, a textbook outcome appears to have been
achieved in only one-quarter of patients.
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To analyze hospital variation in TO, risk-adjusted hospi-
tal results were calculated by adjusting for patient age, Ameri-
can Society of Anesthesiologists score, preoperative jaun-
dice, perineural invasion, biliary invasion, liver capsule
involvement, American Joint Committee on Cancer Eighth Edi-
tion N stages and T stages, type of surgical procedure (ie, mi-
nor vs major hepatectomy), neoadjuvant chemotherapy, and
bile duct resection. Individual hospital results were dis-
played using funnel plots combining scatter plot and a se-
quence of 95.0% and 99.8% CIs.21 A subanalysis was per-
formed to evaluate TO that included and excluded LOS to
define potential differences in TO at Eastern centers (in Asia)
vs Western centers (in North America, Europe, and Austra-
lia), given possible cultural differences in LOS practices. A
P value less than .05 was considered statistically significant.
No multiplicity adjustment was performed for the P values. All
statistical analyses were performed with Stata version 14.0 MP
statistical software (StataCorp).

Results
Patient, Tumor, and Operative Characteristics
A total of 687 patients undergoing curative-intent resection of
ICC were included in the analytic cohort. More than half of the
patients were male (370 [53.9%]), and the median (range) pa-
tient age was 61 (18-86) years. Most patients had a solitary tu-
mor (582 [84.7%]), and the median (range) size of the largest
lesion was 6.0 (0.88-25.0) cm. At the time of surgical resec-
tion, the extent of hepatic resection was a minor hepatec-
tomy in 29.0% of patients (199) and a major hepatectomy in
71.0% of patients (488). On final pathologic analysis, the mar-
gin status was microscopically positive (R1) in 103 patients
(15.0%) and microscopically negative (R0) in 584 patients
(85.0%). Moreover, 84 patients (12.2%) had vascular inva-
sion, while 107 patients (15.6%) had biliary invasion.

Textbook Outcome After Resection of ICC
The unadjusted incidence of TO varied during the study, rang-
ing from 9.6% to 53.9% (Figure 1A). Achievement of each out-
come indicator was calculated separately to identify which in-
dicators were met. Specifically, for each outcome indicator, the

percentage of patients for whom that specific outcome and all
previous outcome indicators were realized was calculated
(Figure 2A). Overall, TO was ultimately achieved in only 175
patients (25.5%) (Table 1). For example, while most patients
experienced each TO outcome, such as no 30-day mortality
(657 [95.6%]), negative surgical margins (584 [85.0%]), and no
perioperative transfusion (487 [70.9%]), other TO outcomes,
including no complications (398 [57.9%]) and no prolonged LOS
(356 [51.8%]), were achieved much less frequently. In fact, a
prolonged LOS had the greatest negative association with at-
taining a TO (in that only 356 patients [51.8%] had no pro-
longed hospital stay; Figure 2A). Among patients undergoing
minor liver resections, the mean (SD) LOS was 13.7 (8.5) days,
while for patients undergoing major liver resections, the mean
(SD) LOS was 16.1 (15.3) days.

When hospitals were stratified by Eastern and Western lo-
cations, Eastern hospitals had lower rates of TO (64 [25.7%])
than Western hospitals (292 [66.7%]), which was almost en-
tirely attributable to lower rates of achieving no prolonged LOS
(Figure 2B). When a subanalysis was conducted excluding LOS
from the definition of TO, Eastern hospitals demonstrated
higher rates of TO compared with Western hospitals (eFig-
ure 1 in the Supplement).

The adjusted percentage of patients with a TO for each
individual hospital relative to center volume was examined
using a funnel plot. No overall association between ICC resec-
tion volume and TO was found (Figure 1B).

Factors Associated With TO
Factors that reduced the chances of a TO included preopera-
tive jaundice (patients who did not have a TO, 488 of 512
[87.5%]; patients who had a TO, 172 of 175 [98.3%]; P < .001),
a mixed periductal infiltrative or a mass-forming subtype (pa-
tients who did not have a TO, 66 of 512 [12.9%]; patients who
had a TO, 5 of 175 [2.9%]; P < .001), major vascular invasion
(patients who did not have a TO, 434 of 512 [84.8%]; patients
who had a TO, 167 of 175 [95.4%]; P < .001), advanced T-stage
disease (T2, T3, and T4 combined; patients who did not have
a TO, 301 of 512 [58.8%]; patients who had a TO, 86 of 175
[49.1%]; P < .001), and nodal metastasis (N1; 109 of 512 [21.3%];
11 of 175 [6.3%]; P < .001). In addition, patients who under-
went a major hepatectomy (patients who did not have a TO,

Figure 1. Textbook Outcomes by Year and by Hospital
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378 of 512 [73.8%]; patients who had a TO, 110 of 175 [62.9%];
P = .006), as well as patients who required bile duct resection
(patients who did not have a TO, 123 of 512 [24.0%]; patients
who had a TO, 13 of 175 [7.4%]; P < .001), were also less likely
to experience a TO after surgery. In contrast, patients who were
more likely to experience a TO had less aggressive tumor char-
acteristics. Specifically, patients in the TO group were less likely
to present with preoperative jaundice and more likely to have
a mass-forming ICC subtype (patients who did not have a TO,
401 of 512 [78.3%]; patients who had a TO, 146 of 175 [83.4%];
P < .001). In addition, patients who had a TO were less likely
to have major vascular invasion (patients who did not have a
TO, 76 of 512 [14.8%]; patients who had a TO, 8 of 175 [4.6%];
P < .001), as well as advanced T-stage or N-stage disease. More-
over, patients who experienced a TO were less likely to have
received neoadjuvant chemotherapy (patients who did not
have a TO, 60 of 512 [11.7%]; patients who had a TO, 6 of 175
[3.4%]; P = .001; Table 1).

In multivariable analysis, after controlling for competing
risk factors, an age younger than 60 years (odds ratio [OR], 1.61
[95% CI, 1.04-2.49]; P = .03), absence of preoperative jaun-
dice (OR, 4.40 [95% CI, 1.28-15.15]; P = .02), no neoadjuvant
chemotherapy (OR, 2.57 [95% CI, 1.05-6.29]; P = .04), no nodal
metastasis (OR, 3.89 [95% CI, 1.77-8.54]; P = .001), T1a/T1b-
stage disease (OR, 1.58 [95% CI, 1.01-2.49]; P = .049), and no
bile duct resection (OR, 2.46 [95% CI, 1.25-4.84]; P = .009) were
each associated with a higher likelihood of achieving a TO
(Table 2). Using data from the multivariable analysis, a nomo-
gram to assess the probability that a patient would experi-

ence a TO after resection of ICC was developed based on clini-
cally relevant factors (Figure 3). Each factor in the nomogram
was assigned a weighted number of points, and the sum of
points for each patient was associated with a specific prob-
ability of a TO. For example, a patient who was 60 years or
younger (3.5 points), had no preoperative jaundice (10 points),
did not undergo neoadjuvant chemotherapy (7.5 points), un-
derwent minor hepatectomy (1.0 point), had no major vascu-
lar invasion (6.0 points), had a T1a tumor (3.0 points), had N0-
stage disease (9.5 points) and had no bile duct resection (6.0
points) scored 46 points, indicating a greater than 50% prob-
ability of a TO after surgery. In contrast, a patient who was older
than 60 years, did not have preoperative jaundice (10 points),
had neoadjuvant chemotherapy (7.5 points), underwent
major hepatectomy (0 points), had major vascular invasion
(0 points), had N1-stage disease (0 points), had a T1b tumor
(3 points), and did not undergo bile duct resection (6 points)
would score 26.5 points, indicating a probability of achieving
a TO of only 8%. The nomogram had good accuracy in both
the training data set (AUC, 0.755) and validation data set
(AUC, 0.763).

Discussion
A TO is a composite measure that represents the most favor-
able (or textbook) postoperative course. To the best of our
knowledge, this is the first study to examine TO as a compos-
ite quality measure in the assessment of short-term out-

Figure 2. Textbook Outcome Distribution by Its Definition
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comes after curative-intent resection of ICC. The current study
was important because the data demonstrated that a TO was
achieved in only 25.5% of patients (n = 175) who underwent
curative-intent resection of ICC. In addition, while TO rates
ranged from 9.6% to 53.9% during the study period, there was
no association between hospitals’ procedure volume and TO
rates. Of note, the LOS outcome parameter had the greatest
negative association with TO, followed by postoperative com-
plications. In particular, while TO parameters such as attain-
ment of a negative margin and avoidance of transfusion were
readily accomplished among most patients, no complica-
tions and no prolonged LOS were more difficult to achieve.

Table 1. Baseline Characteristics of Patients Who Underwent
Curative-Intent Resection of Intrahepatic Cholangiocarcinoma

Variable

Patients, No. (%)

P Value
Did Not Have a
Textbook Outcome

Had a Textbook
Outcome

Total 512 (74.5) 175 (25.5) NA

Sex

Male 274 (53.5) 96 (54.9)

.71Female 238 (46.5) 78 (44.6)

Unknown 0 1 (0.5)

Age, median (IQR), y 62 (53.5-70) 59 (50-69) .06

ASA score

1-2 331 (64.7) 88 (50.3)
.001

3-4 181 (35.4) 87 (49.7)

Underlying liver
disease

None 450 (87.9) 135 (77.1)

.78Cirrhosis 49 (9.6) 16 (9.1)

Unknown 13 (2.5) 24 (13.7)

Hemoglobin, median
(IQR), g/dL

13.7 (12.7-14.9) 14.1 (12.7-15.2)
.12

Unknown 56 (10.9) 15 (8.6)

Preoperative jaundice

No 488 (87.5) 172 (98.3)
<.001

Yes 64 (12.5) 3 (1.7)

Tumor type

Mass-forming 401 (78.3) 146 (83.4)

<.001

Intraductal growth 11 (2.2) 98 (4.6)

Periductal-
infiltrating/mass-
forming and
periductal-
infiltrating alone

66 (12.9) 5 (2.9)

Unknown 34 (6.6) 16 (9.1)

Tumor size, cm

≤5 198 (38.7) 78 (44.6)
.17

>5 314 (61.3) 97 (55.4)

Lesion

Unifocal 431 (84.2) 151 (86.3)
.50

Multifocal 81 (15.8) 24 (13.7)

Satellite lesions

No 410 (80.1) 151 (86.3)

.07Yes 101 (19.7) 24 (13.7)

Unknown 1 (0.2) 0 (0)

Major vascular
invasion

Not present 434 (84.8) 167 (95.4)

<.001Present 76 (14.8) 8 (4.6)

Unknown 2 (0.4) 0 (0)

Grade

Well to moderate 394 (77.0) 136 (77.7)

.37Poor or
undifferentiated

100 (19.5) 28 (16.0)

Unknown 18 (3.5) 11 (6.3)

(continued)

Table 1. Baseline Characteristics of Patients Who Underwent
Curative-Intent Resection of Intrahepatic Cholangiocarcinoma
(continued)

Variable

Patients, No. (%)

P Value
Did Not Have a
Textbook Outcome

Had a Textbook
Outcome

Perineural invasion

Not present 339 (66.2) 133 (76.0)

<.001Present 125 (24.4) 18 (10.3)

Unknown 48 (9.4) 24 (13.7)

Biliary invasion

No 281 (54.9) 124 (70.9)

<.001Yes 96 (18.8) 11 (6.3)

Unknown 135 (26.4) 40 (22.9)

Liver capsule
involvement

No 427 (83.4) 132 (75.4)
.02

Yes 85 (16.6) 43 (24.6)

AJCC Eighth Edition
N stages

Nx 67 (13.1) 13 (8.0)

<.001N0p 336 (65.6) 150 (85.7)

N1 109 (21.3) 11 (6.3)

AJCC Eighth Edition
T stages

T1a 89 (17.4) 54 (30.9)

<.001

T1b 122 (23.8) 35 (20.0)

T2 201 (39.3) 42 (24.0)

T3 77 (15.0) 41 (23.4)

T4 23 (4.5) 3 (1.7)

Type of surgery

Minor hepatectomy 134 (26.2) 65 (37.1)
.006

Major hepatectomy 378 (73.8) 110 (62.9)

Neoadjuvant
chemotherapy

No 452 (88.3) 169 (96.6)
.001

Yes 60 (11.7) 6 (3.4)

Bile duct resection

No 389 (76.0) 162 (92.6)
<.001

Yes 123 (24.0) 13 (7.4)

Abbreviations: AJCC, American Joint Commission on Cancer; ASA, American
Society of Anesthesiologists; IQR, interquartile range; NA, not available.

SI conversion factor: To convert hemoglobin to g/L, multiply values by 10.0.
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Using clinical relevant factors, a nomogram to prognosticate
TO was proposed and internally validated. The nomogram had
a good accuracy to assess the probability of achieving a TO af-
ter resection of ICC.

Traditionally, the assessment of quality of care in surgery
has relied on individual outcomes such as morbidity, mortal-
ity, hospital LOS, and readmission.4,11,22 The analysis of indi-
vidual metrics as a global assessment of quality may be inher-
ently flawed, especially from the patient perspective, because
individual patients experience their hospital course as an all-
or-none phenomena. According to the Institute of Medicine,23

health care should be safe, effective, patient-centered, timely,
efficient, and equitable. The surgical process can be consid-
ered safe for patients undergoing potentially curative resec-
tion of ICC when no adverse outcomes, such as mortality
and morbidity, have occurred and effective if complete tu-
mor removal without perioperative transfusion has been
achieved.24-26 These goals were included in the TO in the cur-
rent study. In turn, while it may be interesting to assess indi-
vidual quality metrics from a systems perspective, from the
patient’s perspective only 25.5% of all individuals who under-
went resection of ICC experienced a TO. Specifically, al-
though no 30-day mortality was achieved in 657 patients
(95.6%), other parameters such as no prolonged LOS (356

[51.8%]), no postoperative complication (398 [57.9%]) and no
perioperative transfusion (487 [70.9%]) were achieved in fewer
patients (Figure 2A). Collectively, these data have important
implications as they suggest that only 1 in 4 patients will have
a complete TO after hepatic resection of ICC.

Hospital LOS is an important benchmark to assess health
care quality in the United States.27,28 Similar to data in the cur-
rent study, data on TO for other types of surgical procedures
described prolonged LOS as the main obstacle for achieving a
TO.15,17,18 In fact, only roughly one-half of patients undergo-
ing resection of ICC in this study experienced no prolonged
LOS. Of note, the incidence of no prolonged LOS was mark-
edly different among Eastern hospitals (25.7%) and Western
hospitals (66.7%; Figure 2B). The reason why LOS was longer
among Eastern countries was undoubtedly multifactorial. For
example, Japanese hospitals have a larger supply of acute care
beds and smaller number of long-term care beds compared
with hospitals worldwide, which could affect their LOS.29 In
addition, differences in LOS can be attributed to major cul-
tural and organizational differences between health care sys-
tems, as well as economic incentives or disincentives associ-
ated with ownership and funding mechanisms.30 Because of
the recognized differences in LOS in the Eastern vs Western
hospitals, additional subanalyses were performed. Of note, the

Table 2. Logistic Regression Analysis of Preoperative and Intraoperative Factors
Associated With the Textbook Outcomes

Characteristics

Univariable Multivariable

Odds Ratio (95% CI) P Value Odds Ratio (95% CI) P Value
Age, y

>60 1 [Reference] NA 1 [Reference] NA

≤60 1.43 (0.96-2.12) .08 1.61 (1.04-2.49) .03

Preoperative jaundice

Yes 1 [Reference] NA 1 [Reference] NA

No 8.79 (2.68-28.17) <.001 4.40 (1.28-15.15) .02

Neoadjuvant
chemotherapy

Yes 1 [Reference] NA 1 [Reference] NA

No 4.08 (1.72-9.68) .001 3.07 (1.24-7.61) .02

Hepatectomy type

Major 1 [Reference] NA 1 [Reference] NA

Minor 1.82 (1.11-2.98) .02 1.14 (0.67-1.96) .63

Major vascular invasion

Present 1 [Reference] NA 1 [Reference] NA

Not present 4.41 (1.86-10.44) .001 2.40 (0.95-6.09) .07

AJCC Eighth Edition
N stage

N1 1 [Reference] NA 1 [Reference] NA

N0 2.48 (0.99-6.25) .05 3.89 (1.77-8.54) .001

Nx 6.27 (2.94-13.36) <.001 1.72 (0.66-4.51) .27

AJCC Eighth Edition
T stage

T2/T3/T4 1 [Reference] NA 1 [Reference] NA

T1a/T1b 1.90 (1.27-2.86) .002 1.58 (1.01-2.49) .049

Bile duct resection

Yes 1 [Reference] NA 1 [Reference] NA

No 4.25 (2.36-8.01) <.001 2.46 (1.25-4.84) .009

Abbreviations: AJCC, American Joint
Commission on Cancer; NA, not
applicable.
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prolonged LOS in the Eastern hospitals was the main reason
for the lower rates of TO in Asian hospitals vs those in the
United States and Europe. In fact, when LOS was removed from
the definition of TO, Eastern hospitals had higher rates of TO
compared with Western hospitals (eFigure 1 in the Supple-
ment). These data illustrate that quality associated with sur-
gical process for patients with ICC was multidimensional. In
turn, relying solely on a single metric for quality assessment
among patients undergoing complex surgical procedures is not
ideal.

Several patient and procedural factors also influenced the
probability of achieving a TO after resection of ICC (Table 2).
Specifically, factors that were independently associated with
an increased probability of TO included an age of 60 years or
younger, absence of preoperative jaundice, no neoadjuvant
chemotherapy, T1a/T1b disease, N0 status, and absence of bile
duct resection. Using factors relevant to clinical practice, a no-
mogram was developed to assess the probability of a patient
achieving a TO after curative-intent resection of ICC (Figure 3).
Recently, nomograms have been proposed as prognostic tools
that may better estimate an individual risk or the chance of an
outcome using specific clinical variables.31,32 In this study, the
nomogram demonstrated a good prognosticative ability on
both the development and test data sets. The use of the pro-
posed nomogram as a preoperative risk assessment tool may
help identify patients at increased risk of an unfavorable post-
operative course. For example, such a nomogram may aid in
decision making in preoperative patient selection, as well as
postoperative targeted approaches to improve the care of pa-
tients undergoing resection of ICC.

For some solid gastrointestinal and hepatobiliary cancers,
performance of lymphadenectomy might be considered part of

the TO from an oncological perspective, similar to achieving an
R0 resection.33,34 Despite the American Joint Committee on Can-
cer 8th edition recommendations, the role of lymphadenectomy
as a routine part of the surgical procedure for ICC remains
controversial.35 While some surgeons consider it standard, oth-
ers perform lymphadenectomy only in selective circumstances,
with studies36,37 demonstrating that lymphadenectomy use var-
ies by geographical region. Interestingly, in the current study,
there was a lower incidence of lymphadenectomy use during the
early years of the study period, while the rates of lymphadenec-
tomy after 2010 increased, coinciding with the introduction of
the first disease-specific staging for ICC in the 7th edition of the
American Joint Committee on Cancer manual (eFigure 2 in the
Supplement).38 While we believe that the collective data strongly
support the routine inclusion of lymphadenectomy as part of the
surgery for ICC, owing to its emerging and controversial role,
lymphadenectomy was not included as a parameter in the defi-
nition of TO. Interestingly, 109 of 512 patients (21.3%) who did
not experience a TO had pN1-stage disease, vs 11 of the 175 pa-
tients (6.3%) who experienced TO. Future studies will need to
define whether these differences may be associated with more
aggressive biology or the extent of surgery (ie, more extensive
surgery leading to potentially more complications).

Limitations
There are several limitations that should be considered when
interpreting the results of this study. The outcomes included
in the definition of TO were limited to the variables available
in the multi-institutional database, as well as events within 30
days of surgery. As with all retrospective studies of surgical pro-
cedures, the current cohort may have been subject to selec-
tion bias. In addition, other measures of quality in hepatic sur-

Figure 3. Nomogram for the Chances of Achieving a Textbook Outcome After Curative-Intent Resection
of Intrahepatic Cholangiocarcinoma

Score
0 3 4 5 6 7 8 9 101 2 11
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Probability

0 5 10
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gery, such as patient satisfaction, were not available and could
not be evaluated. Moreover, hospital volume was calculated
based on the number of curative-intent resections of ICC that
each participating hospital performed. Given the relatively rar-
ity of ICC and the high incidence of other types of liver tu-
mors that require surgery, hospital hepatic procedural vol-
umes were undoubtedly underestimated.

Furthermore, the data were derived from a large number
of hepatobiliary centers from the United States, Europe, and
Asia; therefore, patients were heterogeneous in demo-
graphic, clinical, and tumor-associated characteristics. How-
ever, this heterogeneity can be viewed as a major strength, in
that it allowed us to study a real-world cohort, thereby facili-
tating generalizability of the findings.

Finally, it is important to note that the results of the cur-
rent study do not imply that patients who did not meet all in-
dicators for TO were treated incorrectly. Medical and surgical
complexity and the specific needs or demands of individual
patients may have been valid reasons to divert from TO. How-

ever, the data do provide important information for patients
on how often a TO should be expected after resection of ICC.

Conclusions
In conclusion, while hepatic resection for ICC was performed
with less than 5% mortality in specialized centers, rates of
TO were only 25.5%. In addition, there was a wide variation
in which TO indicators were achieved among patients under-
going surgical resection. Data from the current study dem-
onstrated that TO is a simple and feasible composite mea-
sure of desired outcomes after surgical resection of ICC.
Therefore, TO may be useful for the reporting of patient-
level hospital performance and hospital variation, leading to
quality improvement efforts. A TO may be a useful a tool for
aiding shared decision making among patient and clinicians
to guide preoperative patient selection, as well as postopera-
tive quality improvement projects after resection of ICC.
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