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Background: Textbook outcome is a composite measure of combined outcome indicators, which has been
suggested to be of additional value over single outcome parameters in clinical auditing of surgical
treatment. This study aimed to assess textbook outcome after rectal cancer surgery as short-term marker
for quality of care.
Materials and methods: Patients who underwent elective rectal cancer surgery between 2012 and 2019
and registered in the Dutch ColoRectal Audit were included. Textbook outcome was achieved when the
following criteria were met: 30-day and primary hospital admission survival, no reintervention, tumour-
free margins, no postoperative complications, a hospital stay of less than 14 days and no readmission.
Hospital variation was evaluated in case-mix corrected funnel-plots. A multilevel logistic regression
analysis was performed to identify associated factors with textbook outcome.
Results: The study population consisted of 20,521 patients who underwent primary rectal cancer sur-
gery, of whom 56.3% achieved textbook outcome. Postoperative complications were the main contributor
to not achieving textbook outcome. Case-mix corrected funnel plots demonstrated that underperforming
hospitals in 2012e2015 were no underperformers in 2016e2019 anymore. Female sex, laparoscopic
surgery, and rectal resection without defunctioning stoma creation were positively associated with
textbook outcome.
Conclusion: Textbook outcome after rectal cancer resection is mainly driven by postoperative compli-
cations. Although textbook outcome showed some discriminating value for identifying underperforming
hospitals, it does not fit the plan-do-check-act cycle of clinical auditing. In our opinion, textbook outcome
has little added value to the current outcome indicators for rectal cancer surgery.
© 2021 Elsevier Ltd, BASO ~ The Association for Cancer Surgery, and the European Society of Surgical

Oncology. All rights reserved.
1. Introduction

To ensure the best quality of care for every patient, it is essential
to continuously assess, improve, and provide transparency of the
quality of care [1,2]. Measuring quality of care has been described
by themodel of Donabedian inwhich three aspects are highlighted;
the process, the structure, and the outcome [3,4]. These aspects are
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meet both the professional need to evaluate and benchmark quality
of disease-specific care. Simultaneously, audits provide reliable
data that gives substance to the public demand for transparency on
quality of care [4e6].

Patients have indicated to prefer summarising measures on
quality of care over more detailed measures for selecting a hospital
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for treatment [7]. One of those summarising measures is textbook
outcome. This is a composite measure of preferable outcomes that
is suggested to improve patient satisfaction after surgical treatment
[8]. Furthermore, it might also be a valuable measure for health care
providers, insurance companies, and healthcare inspectorate. Pre-
vious studies have reported several advantages of textbook
outcome over single outcome parameters, as it has the ability to
summarise hospital performance, to prevent indicator-driven
practice, to show the multidimensional surgical procedure, and to
identify hospital variation due to statistical advantages [9e17].

The Dutch ColoRectal Audit collects information on all patients
with primary colorectal cancer who underwent resection since
2009. The audit provides short-term information on primarily
single parameters, for example, resection margin and 90-day
mortality. In a previous study of the DCRA, it was found that text-
book outcome after colon cancer surgery was achieved in 49% of
the patients. Analysis of hospital variation identified eight hospitals
as negative outliers, indicating that textbook outcome could iden-
tify underperformers [13].

It would be very interesting to evaluate textbook outcome for
its' added value as an outcome indicator after primary rectal cancer
surgery. Furthermore, in the colon cancer study [13], the con-
struction of a stoma was one of the included parameters and
considered no textbook outcome. In rectal cancer, creating a stoma
can be an expression of excellent, sensible care after careful coun-
selling the patient within a shared decision-making process. The
aim of the present study is to evaluate textbook outcome, which
represents the proportion of patients with a desired short-term
outcome after elective rectal cancer surgery, as outcome indicator
for qualty of care.

2. Materials and methods

This study is a national observational cohort study with data
from the Dutch Colorectal Cancer Audit (DCRA). The DCRA is a
nationwide registry in which all patients undergoing surgery for
colorectal cancer are registered. No ethical approval was needed for
this study under Dutch law [18,19].

2.1. Patient selection

All patients who underwent elective surgery for a first primary
rectal carcinoma between 2012 and 2019 were potentially eligible.
From the start of the DCRA in 2009, rectal cancer diagnosis was
mainly based on a distance between the lower edge of the tumour
and the anal verge of less than 15 cm. Since January 1st, 2017, until
the end of the study period, MRI based definitions of rectosigmoid
and rectal cancers were used: the rectumwas considered to be the
distal part of the bowel from the peritoneal fold on the ventral side,
and hence total extraperitoneally located; the rectosigmoid was
considered to be the part of the bowel between peritoneal fold on
the ventral side and the mesorectum on the dorsal side until the
level of the promontory. Patients withmultiple tumours or patients
that underwent local excision were excluded. Besides, cases with
missing/unknown data on textbook outcome were excluded.

2.2. Data extraction and outcome parameters

Patient and tumour characteristics, treatment characteristics,
and short-term outcomes were extracted from the DCRA. Until
2017, the 30-day postoperative outcomes were registered in the
DCRA, and since January 1st, 2018, the 90-day postoperative out-
comes were registered. The primary outcome in this study was the
percentage of patients acieving a textbook outcome after rectal
cancer surgery. Secondary outcomes were the time-trend in
2

textbook outcome rate, hospital performance by identifying
underperforming and best performing hospitals and factors asso-
ciated with textbook outcome.

2.3. Parameters and definitions

A selection of relevant outcome parameters reflecting an un-
eventful postoperative course was determined by expert opinion of
the DCRA scientific committee members, who reviewed the
included parameters in the previous study regarding textbook
outcome after colon cancer surgery [13]. The ostomy parameter
was not included in the textbook outcome measure for rectal
cancer surgery because constructing a stoma can be good care after
careful counselling the patient within a shared decision-making
process. The 30-day readmissions are registered in the DCRA
since 2012 and were not included in the study of Kolfschoten et al.
[13]. However, the 30-day readmission rate has been included in
the textbook outcome parameter by several studies and was
therefore, also included in this study [8e10,15e17]. The selected
parameters were placed in chronological order based on severity
and sequence: 30-day and primary hospital admission survival, no
reintervention, tumour-free margins, no postoperative complica-
tions, a hospital stay of less than 14 days (LOS<14 days) and no
readmission. Reinterventions included endoscopic-, image-guided-
and surgical procedures. Postoperative complications included
cardiac-, pulmonary-, infectious-, neurologic- and thromboembolic
complications, as well as anastomotic leakage, abscess, ileus, fascial
dehiscence, wound infection, haemorrhage, bowel perforation, or
bladder/ureter injury. A tumour-free margin was defined as a
tumour-free bowel resection margin, as well as a tumour-free
retroperitoneal resection margin and negative circumferential
resection margin for rectal cancer (>1 mm). If one of both criteria
was not met, the resection was defined as incomplete tumour-free
margins. Textbook outcome was achieved if all parameters were
met. For evaluating surgical procedure, four categories were iden-
tified: rectal resection with a defunctioning stoma (including total
mesorectal excision (TME) and partial mesorectal excision (PME)
with defunctioning stoma creation), rectal resection without a
defunctioning stoma, low Hartmann's procedure and abdomi-
noperineal excision (APE).

2.4. Statistical analysis

Baseline characteristics were reported for patients without
textbook outcome and those with textbook outcome after rectal
cancer surgery. Categorical or dichotomous outcomes were pre-
sented as absolute numbers of cases and percentages. A Pearson
Chi-square test was used to assess significant differences.

The overall proportion of rectal cancer patients who had text-
book outcome was analysed, as well as the percentages of cases
fulfilling each of the separate criteria of the composite textbook
outcome measure were calculated. In addition, the cumulative (i.e.
conditional) percentages of patients in whom each consecutive
outcome was achieved, under the condition that all previous con-
ditions were met, were reported.

The percentage of patients with textbook outcome was calcu-
lated for each year to analyse a potential time trend. The association
between year of surgery and textbook outcome was assessed using
univariate logistic regression analysis.

Hospital variation in textbook outcome and the identification of
“best performing” and “underperforming” hospitals was done by
assessing the observed and expected outcomes, corrected for risk
factors. Hospital performance is shown in case-mix corrected
funnel-plots for two different time-periods (2012e2015 and
2016e2019). Factors used for case-mix correction were sex, age,
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body mass index (BMI), American Society of Anaesthesiology (ASA)
score, Charlson Comorbidity Index (CCI), clinical tumour stage,
preoperative tumour-related complications (e.g., anaemia, perfo-
ration, obstruction/ileus or peri-tumoral abscess), additional
resection for metastasis, multivisceral resection for local ingrowth,
M-stage, neoadjuvant (chemo)radiotherapy, and surgical
procedure.

Multilevel logistic regression analyses were performed to assess
factors associated with textbook outcome. Multilevel analyses
provide amore accurate estimatewhen dealingwith hierarchically/
nested structured data than traditional logistic regression analyses
since it accounts for a dependency of patients within hospitals
[20,21]. Multicollinearity was assessed with the variance of infla-
tion factor (VIF), and a VIF of >2.5 was considered multicollinear,
resulting in the exclusion of one of the variables. Results are re-
ported in adjusted odds ratio (AOR) with 95% confidence intervals
(95% CI). A p-value of <0.05 was considered significant. The analysis
was performed in Rstudio version 1.3.959 (2020).

3. Results

A total of 23,996 patients underwent elective surgery for a first
primary rectal carcinoma between January 1st, 2012, and
December 31st, 2019. Patients with synchronous colorectal cancer
(N ¼ 527), another surgical procedure than an oncological rectal
resection (N ¼ 2215), or missing/unknown data on one of the
textbook outcome parameters (N ¼ 733) were excluded, resulting
in a total of 20,521 patients included in this study.

3.1. Patient-, tumour- and treatment characteristics

Of the 20,521 patients who underwent rectal cancer surgery,
11,556 patients (56.3%) achieved a textbook outcome (Table 1).
Patients who did not achieve textbook outcome compared to pa-
tients who did were more frequently 75 years or older (27.9%e
24.5%, p < 0.001), male (68.3% - 58.5%, p < 0.001), and had more
often ASA-score of IIIþ (22.8%e15.1%, p < 0.001), CCI IIþ (26.4%e
19.8%, p < 0.001), and preoperative tumour-related complications
(21.3%e16.8%, p < 0.001). In addition, both the clinical and patho-
logical TNM stage was higher for patients not achieving textbook
outcome.

The non-textbook outcome study population recieved more
often neoadjuvant radiotherapy (69.2% - 59.2%, p < 0.001), under-
went more frequently an open resection (24.2%e14.4% p < 0.001), a
multivisceral resection for local ingrowth and an additional resec-
tion for metastasis (respectively 10.1%e4.4% p < 0.001 and 3.8%e
2.0% p < 0.001). In secondary hospitals, patients achieved signifi-
cantly more often textbook outcome compared to patients in ter-
tiary hospitals (58.0% - 45.1%, p < 0.001).

3.2. Contributors to textbook outcome and time trend

Table 2 shows the percentages of the individual textbook
outcome parameters and the cumulative percentages, which are
also visualized in Fig. 1. After rectal cancer resection, 56.0% suffered
from any type of postoperative complication. Based on the cumu-
lative rates, postoperative complications had the most negative
impact on textbook outcome of all individual parameters (decrease
of 20.3%). Assessing textbook outcome over time showed an in-
crease from 52.4% in 2012 to 58.3% in 2019 (OR 1.038, 95% CI 1.025-
1.051, p < 0.001) (Fig. 2).

3.3. Hospital performance

The mean adjusted textbook outcome rate ranged from 8.9% to
3

73.9% among the 76 Dutch Hospitals during 2012e2019. Hospital
variation in textbook outcome is demonstrated in case-mix cor-
rected funnel plots by the expected and observed/expected ratio for
2012e2015 and 2016e2019 (Fig. 3). Between 2012 and 2015, three
hospitals were identified as underperforming hospitals, with two
high -volume hospitals performing outside the 99% CI. Four hos-
pitals were identified as best performers, with three above the 95%
CI and one above the 99% CI. However, the same under- and best
performing hospitals based on the period 2012e2015 subsequently
had textbook outcome rate within the 95% CI during 2016e2019.
Three different high-volume hospitals were identified as under-
performing hospitals. During the second period, more hospitals
with a lower and a higher expected number of textbook outcome
cases were seen.

3.4. Associated factors with textbook outcome

Factors independently associated with textbook outcome as
identified by multilevel logistic regression analyses are shown in
Table 3. A total of eleven factors were found to be negatively
associated with textbook outcome: age �75 years (AOR 0.912, 95%
CI 0.846e0.984), BMI � 30 kg/m2 (AOR 0.747, 95% CI 0.689e0.810),
ASA-score IIIþ (AOR 0.676, 95% CI 0.621e0.736), CCI IIþ (AOR 0.809,
95% CI 0.749e0.873), preoperative tumour-related complications
(AOR 0.893, 95% CI 0.822e0.971), neoadjuvant (chemo)radio-
therapy (SCRT: AOR 0.761, 95% CI 0.695e0.834, CRT: AOR 0.888, 95%
CI 0.801e0.984), other radiotherapy scheme: AOR 0.724, 95% CI
0.555e0.944), multivisceral resection for local ingrowth (AOR
0.617, 95% CI 0.533e0.715), (y)pT3 and (y)pT4 stage (AOR 0.787, 95%
CI 0.718e0.863 and AOR 0.575 95% CI 0.478e0.692, resp.), and
surgery in a tertiary hospital (AOR 0.775, 95% CI 0.646e0.929). A
positive independent association with textbook outcome was
demonstrated for female gender (AOR 1.599, 95% CI 1.499e1.706)
and laparoscopic surgery (AOR 1.323, 95% CI 1.201e1.458).
Furthermore, the type of procedure showed a positive association
with textbook outcome, with the highest AOR for rectal resection
without defunctioning stoma (AOR 1.934, 95% CI 1.773e2.109), low
Hartmann procedure (AOR 1.328, 95% CI 1.196e1.474) and APE (AOR
1.105, 95% CI 1.021e1.208).

4. Discussion

This population-based study evaluated textbook outcome as a
composite quality measure in rectal cancer surgery. We found that
textbook outcomewas achieved in 56.3% of the patients after rectal
cancer surgery, mainly caused by the relatively high postoperative
complication rate. The impact of margin status on achieving text-
book outcome was minimal. Besides, textbook outcome was pre-
dominantly associated with patient- and tumour characteristics,
indicating that these factors mainly determine if textbook outcome
can be achieved or not. After risk adjustment, the textbook
outcome rate ranged from 8.9% to 73.9% among Dutch hospitals.
Risk-adjusted funnel plots showed that just three hospitals per-
formed below the 99% CI during 2012e2015 and 2016e2019.
However, the underperforming hospitals were different for the two
time periods. This might indicate that the provided benchmarked
information contributed to quality improvement over time.
Furthermore, continuous feedback is necessary to keep the quality
of care at a certain level and to identify hospitals with decreasing
performance over time.

The Committee on Quality of Health Care of the Institute of
Medicine in the US states that health care needs to ensure all pa-
tients receive care that is safe, effective, patient-centred, timely,
efficient, and equitable [22]. Most of these conditions are
commonly measured by textbook outcome and textbook outcomes



Table 1
Baseline characteristics of the total rectal cancer study population stratified for textbook outcome.

Textbook outcome (N ¼ 11,556) No textbook outcome (N ¼ 8965) P-value

Preoperative characteristics
Age (years) �75 2827 (24.5) 2497 (27.9) <0.001

Missing 2 2
Sex Male 6760 (58.5) 6124 (68.3) <0.001

Missing 4 2
BMI (kg/m2) <18.5 168 (1.5) 135 (1.5) <0.001

18.5e30.0 9357 (82.5) 6983 (78.9)
�30 1809 (16.0) 1722 (19.5)
Missing 4 5

ASA-score IIIþ 1745 (15.1) 2040 (22.8) <0.001
Missing 2 0

CCI IIþ 2285 (19.8) 2367 (26.4) <0.001
Neoadjuvant radiotherapy No 4683 (40.5) 2758 (30.8) <0.001

SCRT 3090 (26.7) 2892 (32.3)
CRT 3629 (31.4) 3161 (35.3)
Other RTx scheme 126 (1.1) 146 (1.6)
Missing 8 28

Hospital type Secondary 10,168 (88.0) 7272 (80.1) <0.001
Tertiary 1388 (12.0) 1693 (18.9)

Tumour complications 1942 (16.8) 1911 (21.3) <0.001
Missing 9 15

cT stage cT1-2 3529 (30.5) 2159 (24.1) <0.001
cT3 6677 (57.8) 5359 (59.8)
cT4 906 (7.8) 1127 (12.6)
Missing 444 320

cN stage cN0 5326 (46.1) 3566 (39.8) <0.001
cN1-2 5845 (50.6) 5104 (56.9)
Missing 385 295

Surgical characteristics
TechniqueA Open 1662 (14.4) 2166 (24.2) <0.001

Laparoscopic 9772 (84.6) 6729 (75.1)
Missing 122 70

Surgical procedure APE 2721 (23.5) 2674 (29.8) <0.001
Low Hartmann 1538 (13.3) 1368 (15.3)
Rectum resection with def. stoma 3015 (26.1) 2962 (33.0)
Rectum resection, no def. stoma 4282 (37.1) 1961 (21.9)

Multivisceral resection 508 (4.4) 903 (10.1) <0.001
Missing 134 181

Add. resection for metastasis 233 (2.0) 341 (3.8) <0.001
Missing 10 6

Tumour characteristics
(y)pT-stage (y)pT0-1 2302 (19.9) 1390 (15.5) <0.001

(y)pT2 3785 (32.8) 2625 (29.3)
(y)pT3 4996 (43.2) 4328 (48.3)
(y)pT4 354 (3.1) 545 (6.1)
Missing 119 77

(y)pN sage (y)pN0 7642 (66.1) 5645 (63.0) <0.001
(y)pN1-2 3821 (33.1) 3227 (36.0)
Missing 93 93

M-stage M1 804 (7.0) 824 (9.2) <0.001

Table 1 baseline table showing the characteristics of the total rectal cancer study population stratified for textbook outcome. Missing values of less than 10% are reported as
absolute numbers in this table. A: Laparoscopic approach includes all conventional and robot-assisted laparoscopic procedures as well as all transanal TME procedures. The p-
value is calculated by a Chi-square test. SCRT: short-course radiotherapy, CRT: chemoradiotherapy, other RTx scheme: unspecified radiotherapy scheme. Def. stoma:
defunctioning stoma. APE: abdominoperineal excision.

Table 2
Percentages and conditional percentages on textbook outcome.

Population (N, %) Conditional (N, %)

Total 20,521
Survival 20,303 (98.9) 20,303 (98.9)
No reintervention 17,762 (86.6) 17,652 (86.0)
Tumour-free margin 16,375 (94.3) 16,651 (81.1)
No complications 13,125 (64.0) 12,478 (60.8)
LOS < 14 days 17,316 (84.4) 12,001 (58.5)
No readmissions 17,662 (85.9) 11,556 (56.3)
Textbook outcome 11,556 (56.3)

Table 2 shows the percentages of the individual parameters included in textbook
outcome and the conditional percentages after adding one of the parameters after
each other for textbook outcome.
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is therefore suggested to provided essential information regarding
the overall quality of health care [10,14,15]. In our textbook
outcome parameter, safety is reflected by the absence of adverse
events (postoperative mortality and complications) during the
postoperative period. Efficiency is incorporated in textbook
outcome based on reintervention, readmission, and prolonged stay
in hospital. Lastly, tumour-free resection margin refers to effective
care.

We found that a larger proportion of patients who underwent
rectal cancer surgery achieved a textbook outcome than patients
who underwent colon cancer resection (49.0%), as seen by
Kolfschoten et al. [13]. However, Kolfschoten et al. also included “no
ostomy” as an outcome parameter, which was not included in the
textbook outcome for rectal cancer surgery of the present study.
Aside from APEs in patients in whom this is the only curative sur-
gical option, constructing a stoma as part of Hartmann's procedure



Fig. 1. The rates of the individual parameters (bars) included in textbook outcome and the conditional percentages (line) after adding one of the parameters after each other for
textbookoutcome.

Fig. 2. Time trend (2012e2019) of textbook outcome for rectal cancer surgery. Chi-square testwas used to calculate the p-value for textbook outcome in 2012 vs 2019 showing a p <
0.001. Univariate logistic regression analyses for the year of surgery showed an OR of 1.038, 95% CI 1.025-1.051, p < 0.001.
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or to protect a low anastomosis can express excellent care. After all,
personal preferences regarding risk and anticipated functional
outcome are essential for good shared decision-making. Further-
more, Codd et al. showed that the permanent stoma rate is a
misleading marker for the quality of rectal cancer care due to its
association with multiple, patient-, tumour -, and surgical charac-
teristics [23].

The Dutch Cancer Society concluded that hospital variation in
provided care points towards a potential area for further quality
improvement [24]. However, comparing hospital performance re-
quires correction for complexity of care and random variation,
known as case-mix correction [4,8,10,15,17,25]. Our case-mix cor-
rected funnel-plots showed that during 2012e2015 three hospitals
were performing below the 99% CI of the Dutch Benchmark. A
previous study stated that an increase in observed-expected ratio
for high-volume hospitals is more likely due to health care
improvement than just change [26]. Patients who underwent sur-
gery in a tertiary hospital less often achieved a textbook outcome
5

than patients treated in secondary hospitals. The difference be-
tween secondary and tertiary hospitals remained significant after
adjusting for risk factors, but residual confounding is likely present.
Literature reveals controversial results about these associations
[25,27e29]. In the Netherlands, complex rectal cancer cases are
commonly referred to tertiary centres, and different outcomes in
these centres are considered acceptable based on complexity of
care that is sometimes difficult to measure.

Our results demonstrated that rectal resection without
defunctioning stoma creation was the surgical procedure with the
strongest association with textbook outcome. Similar results were
found by other studies, which showed a significantly lower post-
operative morbidity rate, reintervention rate, readmission rate, and
shorter stay in hospital after the construction of a primary anas-
tomosis without defunctioning stoma [30,31]. Sneijders et al. found
that a defunctioning stoma in rectal cancer surgery did not result in
a lower overall anastomotic leakage rate nor a lower mortality rate
and suggested that preferable outcomes can be achieved by



Fig. 3. Case-mix corrected funnel plots for demonstrating hospital variation on textbook outcome after elective rectal cancer surgery for 2012e2015 (Figs. 3A) and 2016e2019
(Fig. 3B). Underperforming hospitals are highlighted. Case-mix factors used for risk-adjustement are sex, age, BMI, ASA-score, CCI, preoperative tumour complications, cT-stage,
neoadjuvant (chemo)radiotherapy, multivisceral resection for local ingrowth, additional resection for metastases, surgical procedure, and M-stage.
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selecting the right patient for stoma construction [32]. In addition,
stoma reversal is associated with a substantial overall morbidity,
major complication rate, and reoperation rate [33,34]. Considering
these results, one might suggest that patient selection for the type
of resection and the construction of a stoma play a role in achieving
textbook outcome after rectal cancer surgery.

Studies have shown that composite outcome measures, such as
textbook outcome, have a statistical advantage over single outcome
parameters for assessing hospital performance and variation
[8,10,13e15,35]. Two high-volume hospitals were identified in the
first period as underperformers. The fact that textbook outcome
has never been provided as an outcome indicator by the DCRA
suggests that these hospitals have improved their postoperative
outcomes by reviewing their results based on the individual
outcome parameters [36]. This indicates that there is probably little
added value of the textbook outcome measure compared to the
separate measures for identifying hospital outliers in highly prev-
alent diseases such as rectal cancer, in contrast to low-volume
6

surgical procedures, such as esophagogastric cancer resection
[14]. Postoperative complications frequently occur after rectal
cancer surgery, whereas tumour positive resection margins occur
less often. The high postoperative complication rate dominates the
textbook outcome parameter, for which reason the statistical
advantage of combining surgical and pathologic outcomes in rectal
cancer is little.

Long-term outcome is not captured in the DCRA, therefore the
association between long-term survival and textbook outcome
could not be assessed. However, it has been demonstrated that a
good result on the textbook outcome parameter also results in
better long-term survival after surgery for gastro-oesophageal
cancer [35,37,38], pancreatic cancer [39], and hepatocellular can-
cer [16]. Yang et al. found that colon cancer patients achieving a
textbook outcome after surgery had a better 5-year disease-free
survival [40]. In contrast. Bos et al. showed that hospitals per-
forming more than 20 rectal cancer resections per year had a lower
conversion rate and a lower postoperative mortality rate but found



Table 3
Multilevel logistic regression analyses to determine factors predictive for textbook outcome.

Adjusted OR 95% CI P-value

Age <75 1.00 (ref.)
�75 0.912 0.846e0.984 0.017*

Sex Male 1.00 (ref.)
Female 1.599 1.499e1.706 <0.001*

BMI 18.5e30 1.00 (ref.)
<18.5 0.977 0.760e1.257 0.857
�30 0.747 0.689e0.810 <0.001*

ASA-score I-II 1.00 (ref.)
IIIþ 0.676 0.621e0.736 <0.001*

CCI 0-I 1.00 (ref.)
IIþ 0.809 0.749e0.873 <0.001*

Tumour complications No 1.00 (ref.)
Yes 0.893 0.822e0.971 <0.001*

Neoadjuvant radiotherapy No 1.00 (ref.)
SCRT 0.761 0.695e0.834 <0.001*
CRT 0.888 0.801e0.984 0.024*
Other RTx 0.724 0.555e0.944 0.017*

cT-stage cT1-2 1.00 (ref.)
cT3 0.962 0.888e1.042 0.341
cT4 0.921 0.802e1.059 0.247

cN-stage cN0 1.00 (ref.)
cN1-2 1.006 0.930e1.089 0.882

TechniqueA Open 1.00 (ref.)
Laparoscopic 1.323 1.201e1.458 <0.001*

Surgical procedure Rectum resection with def. stoma 1.00 (ref.)
Low Hartmann 1.328 1.196e1.474 <0.001*
Rectum resection, no def. stoma 1.934 1.773e2.109 <0.001*
APE 1.105 1.021e1.208 0.014*

Multivisceral resection No 1.00 (ref.)
Yes 0.617 0.533e0.715 <0.001*

Add. resection for metastases No 1.00 (ref.)
Yes 0.906 0.732e1.121 0.365

(y)pT-stage (y)pT0-1 1.00 (ref.)
(y)pT2 0.917 0.836e1.005 0.065
(y)pT3 0.787 0.718e0.863 <0.001*
(y)pT4 0.575 0.478e0.692 <0.001*

(y)pN-stage (y)pN0 1.00 (ref.)
(y)pN1-2 0.969 0.904e1.038 0.365

M-stage M- 1.00 (ref.)
M1 1.061 0.933e1.206 0.366

Hospital type Secondary 1.00 (ref.)
Tertiary 0.775 0.646e0.929 0.006*

Year of surgery 0.985 0.970e1.001 0.062

Table 3 Multilevel logistic regression analyses to determine factors associated with textbook outcome. A: laparoscopic surgery includes conventional laparoscopy, robot-
assisted laparoscopy, and transanal total mesorectal excisions. SCRT: short-course radiotherapy, CRT: chemoradiotherapy, RTx another scheme: unspecified radiotherapy
scheme. Add. Additional. The adjusted odds ratio (AOR), 95% confidence interval (95 CI), and p-value are shown. A p-value <0.05 was considered as statistically significant and
is highlighted bold and with a *.
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no differences in overall survival [41]. This questions whether
variability in textbook outcome will translate into survival differ-
ences after rectal cancer surgery.

The impact of clinical auditing is typically based on the
continuous plan-do-check-act cycle, in which the results are
reviewed against benchmarked criteria [6]. Previous research
concluded that composite measures suffer from significant limita-
tions, such as providing no detailed informationwhich might result
in masking substantial variation and areas of improvement in
quality of care. Furthermore, composite measures do not reflect the
difference in personal preference and the importance of the indi-
vidual indicators. In addition, combining indicators in a composite
measure might be challenging for case-mix correction because
case-mix factors might vary between individual indicators [42,43].
Besides, ranking hospitals based on textbook outcome might be
misleading because hospitals might have a similar textbook
outcome rate but based on a different single outcome parameter
with a different severity (for example, mortality versus prolonged
length of hospital stay). Although weighting the individual
outcomemeasures might solve the problem of under-identification
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of hospitals with more severe events, the methodology for
weighting is not straightforward [43e46]. Besides, the composite
character of textbook outcome provided hospitals with no specific
information regarding the area of underperformance. For evalu-
ating and improving care, the hospital performance on single pa-
rameters are needed. This indicates that textbook outcome is not a
short-term indicator that fits in the plan-do-check-act cycle.

Several limitations of this study need to be addressed. The use of
the DCRA has limited the choice of parameters for textbook
outcome. Although the selection of the included variables for the
textbook outcome parameter was performed by the scientific
committee, which reviewed the variables included in the textbook
outcome parameter for colon cancer surgery, there might be a risk
of availability bias. In addition, the desired outcome might differ
between patients and physicians. Patient-related outcomes mea-
sures were insufficiently registered in the DCRA for inclusion in this
study. Due to the continuous development of the DCRA, definitions
of parameters have been changed. Until 2017 the 30-day compli-
cation rate, reintervention rate, and readmission rate was regis-
tered, and since 2018 the 90-day outcome rates were registered.
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This resulted in a slightly lower textbook outcome (a 30-day
postoperative outcome) for 2018 and 2019. This might be why
the year of surgery was not significant in the multilevel logistic
regression analyses.

5. Conclusion

Textbook outcome after rectal cancer surgery seems mostly
associated with patient and tumour characteristics, and for this
reason, the measure probably not accurately reflects surgical per-
formance. Furthermore, achieving a textbook outcome was deter-
mined mainly by postoperative complications, with a minimal role
of the resection margin. Textbook outcome had limited discrimi-
nating value to identify underperforming hospitals, and these
hospitals casually performed within the confidence intervals later
on. Textbook outcome has minimal statistical advantages in rectal
cancer surgery. Besides, underperforming hospitals cannot use
textbook outcome for improving care without assessing individual
outcome measures. Thus, textbook outcome does not fit in the
plan-do-check-act cycle.
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