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Abstract .
The aim of this study was to investigate the relationship between textbook outcome and survival in patients with surgically treated |
colon cancer. A total of 804 surgical cases were enrolled between June 1, 2010 and December 31, 2014. Textbook outcome was
defined as patients who had colon cancer surgery and met the six healthcare parameters of surgery within 6 weeks, radical resection,
lymph node (LN) yield >12, no ostomy, no adverse outcome and colonoscopy before/after surgery within 6 months. The effect of
textbook outcome on 5-year disease-specific survival (DSS) was calculated using the Kaplan-Meier method. A Cox regression model
was used to find significant independent variables and stratified analysis used to determine whether text-book outcome had a
survival benefit. A textbook outcome was achieved in 59.5% of patients undergoing colon cancer surgery. Important obstacles to
achieving textbook outcome were no stomy, no adverse outcome and LN vyield >12. Patients with text-book outcome had
statistically significant better 5-year DSS compared to those with-out (80.1% vs. 58.3%). Multivariate analyses indicated that colon
cancer patients with textbook outcome had better 5-year DSS after adjusting for various confounders ([aHR], 0.44; 95% ClI, 0.34—
0.57). Thus, besides being an index of short-term quality of care, textbook outcomes could be used as a prognosticator of long-term
outcomes, such as 5-year survival rates.

Abbreviations: AJCC = American Joint Committee on Cancer, CEA = carcinoembryonic antigen, Cl = confidence interval, CRM
= circumferential resection margin, DSS = disease-specific survival, HR = hazard ratio, IOM = Institute of Medicine, LN = lymph node,

NCCN = National Comprehensive Cancer Network, PNI = perineural invasion, TNM= tumor-node-metastasis.
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1. Introduction

Colon cancer remains one of the most commonest type of cancer
that contributes to increasing cancer-related death worldwide.!!
For colon cancer, tumor resection with or without chemotherapy
is the cornerstone of treatment.””) With the advancement of these
multimodal treatments, outcomes have improved in recent
decades.®! Nevertheless, significant differences in survival still
exist. In the past years, quality assurance has been acknowledged
as a crucial factor in the assessment of oncological surgical care
and prognosis™; however, the influence of quality of care on
colon cancer survival has not been fully investigated.
Literatures had revealed the importance of hospital accredita-
tion and its positive impact on quality improvement.[>*®! The
Quality Integration Committee of the Commission on Cancer
had developed quality measures, which relied on whether the
institution had reached the estimated performance rate of
different indicators such as rate of 85% for at least 12 regional
lymph nodes removed in resected colon cancer, or rate of 80% for
needle biopsy performed to establish diagnosis of breast cancer.!”!
However, most of the accreditation of cancer treatment
mentioned some of these quality indicators, instead all of
them.®! Thus, when we examined the performance between
hospitals, the superiority of one quality of care indicator, may be
low on another. Furthermore, these quality indicators often
interrelated. Therefore, using a summarized measure could give a
comprehensive and overview of hospital quality of care for
patients, hospitals, and government. Recently, a composite
measure including all desirable outcomes called “textbook
outcome” was developed from acute myocardial infarction,
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colon, and gastrointestinal cancer surgery.>% Textbook

outcome is defined as a patient whose healthcare team has met
all the most important quality of care parameters for procedure.
Analyzing from 5582 operated colon cancer patients in 82
hospitals, Kolfschoten et al,'® reported that a textbook outcome
including 6 quality indicators varied from 26% to 71%. Most
patients did not achieve a textbook outcome (mean: 49%) and
there was wide variation between hospitals. Thus, textbook
outcome enables the production of a summary of hospital
performance and provides a more comprehensive impression of
the overall quality of care than less robust measures.

Previous studies have demonstrated that outcomes after colon
cancer surgery vary between hospitals.''~131 However, to our
knowledge, the textbook outcome has not been validated in a
single hospital nor has its impact on survival been studied in
colon cancer. The aim of this study was to investigate the clinical
relevance of textbook outcome in operated colon cancer patients.
Further we also assess its impact on long term survival after
surgery and establish a composite score of colon cancer surgery
for future application in cancer accreditation.

2. Materials and methods

2.1. Ethical statement

This study was approved by the Ethics Committee of the
Institutional Review Board of the Chi Mei Medical Center (IRB:
CMFHR10707-012). Informed consent was not obtained from
any participants because the IRB waived the need for individual
informed consent, as this study had a non-interventional
retrospective design, no human subjects or personally identifying
information used, and all data were analyzed anonymously.

2.2. Patient database and selection

The data for this study were collected from the cancer registry
dataset of the Chi-Mei Medical Center between January 1, 2010
and December 31, 2014. Electronic medical records and a cancer
registry dataset were retrospectively reviewed. All patients were
regularly monitored after diagnosis until death or last follow up.
Finally, a total of 804 patients who undergo colon cancer resection
with curative intent (i.e., right hemicolectomy, left hemicolectomy,
or sigmoidectomy) were identified for this study. This study was
limited to colon cancer because rectal cancer frequently is treated
with a different sequence, such as neo-adjuvant chemo-radiother-
apy. Exclusion criteria included patients with carcinoma in situ, a
previous history of cancer, age <18 years, chemotherapy as the
initial treatment or missing data.

2.3. Variables and end point

Our cancer registry dataset provided information on patient,
tumor, and treatment characteristics: age, sex, marital status,
date of diagnosis, circumferential resection margin (CRM),
lymph node (LN) yield, tumor differentiation, perineural
invasion (PNI), adjuvant treatment (e.g., chemotherapy and/or
radiotherapy), clinical/pathologic tumor-node-metastasis stage,
carcinoembryonic antigen (CEA) level, and cause of death. All
staging were according to the American Joint Committee on
Cancer (AJCC) staging (7th edition). The primary end point was
the S-year disease-specific survival (DSS) rate. Deaths due to
cancer were recorded as events, and deaths secondary to other
causes were censored.
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Textbook outcome parameters of colon cancer surgery, n=804.

n (%)
Surgery within 6 weeks 771 (95.9)
No stomy 702 (87.3)
Radical resection 756 (94.0)
Lymph node (LN) yield >12 714 (88.8)
Colonoscopy before/after surgery within 6 months 755 (93.9)
No adverse outcome 683 (85.0)

2.4. Textbook outcome definitions

The quality parameters of care chosen for this study were
modeled on those approved by the National Comprehensive
Cancer Network (NCCN) guidelines for colon cancer, the quality
index of our National Health Research Institute and from studies
of potential quality metrics in colon cancer.'%'*131 A textbook
outcome included six separate preoperative, intra-operative and
postoperative quality of care measures: surgery within 6 weeks,
radical resection, LN yield >12, no stoma, no adverse outcome
and colonoscopy before/after surgery within 6 months (Table 1).
Radical tumor resection was defined as no residual tumor,
including micro/macroscopic findings. Adverse outcomes were
defined as any adverse outcome occurring, including readmission
or reoperation within 30 days after resection. It is worth
mentioning that a hospital stay of 14 days or less was not
included as a quality of care measure in this study because our
patients stayed longer in the hospital to complete their cancer
staging and receive an operation.!'”! In order to set up a suitable
and comprehensive measure, the “all or none” method was
used.'® When all 6 short-term quality of care parameters were
realized, a textbook outcome was achieved. If any one of the six
parameters was not met, the treatment was not considered
textbook outcome.

2.5, Statistical analysis

Patient, tumor, and treatment characteristics were compared
between patients with and without a textbook outcome by
Pearson chi-square test or Fisher exact test. False negative
textbook outcomes were defined as patients with disease-specific
death within 5 years. Sensitivity and negative predictive value
were also estimated. The 5-year DSS rate among these 2 groups
was described by the Kaplan—-Meier method and the differences
were compared using log-rank statistics. A multivariate Cox
regression model was used to evaluate the effect of textbook
outcome on S-year DSS rates after adjusting for other
confounding variables. Stratified survival analyses were also
performed on different groups. All statistical analyses were
performed using SPSS statistical software (version 20, SPSS Inc.;
Chicago, IL). P<.05 was set as representing statistical signifi-
cance. All confidence intervals (CIs) were stated at the 95% level.

3. Results

3.1. Demographic characteristics

A total of 804 colon cancer patients were identified, 465 men
(57.9%) and 339 women (42.1%). The mean follow-up time was
40+ 18 months. A textbook outcome was realized in 478 patients
(59.5%) and the details are presented in Fig. 1. The outcome
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Figure 1. Percentage of surgically colon cancer patients (2010-2014) who fulfilled each textbook outcome parameter. A textbook outcome was achieved in 478

(59.5%) patient.

parameters that most prevented patients from achieving a
textbook outcome were LN yield >12, no stoma, and no adverse
outcome (Fig. 1). Differences in demographic, clinical, and
pathological characteristics according to textbook outcome are
displayed in Table 2. Patients with and without a textbook

Demographic characteristics for surgically colon cancer patients
by textbook outcomes, n=3804.

Non textbook outcomes Textbook outcomes

n=326 n=478

Variables n (%) n (%) P value

Age
(Mean +SD) 66.1+13.3 64.6+12.5 119
(Median [range]) 67 [21-96] 65 [30-91]
<65 yr 156 (47.9) 246 (51.5) 315
>65 yr 170 (52.1) 232 (48.5)

Gender
Male 197 (60.4) 268 (56.1) 219
Female 129 (39.6) 210 (43.9)

Differentiation
Well/moderately 267 (81.9) 408 (85.4) .190
Poorly/undifferentiated 59 (18.1) 70 (14.6)

T category
-2 53 (16.3) 86 (18.0) 523
3-4 273 (83.7) 392 (82.0)

N category
NO 139 (42.6) 236 (49.4) .060
N1-2 187 (657.4) 242 (50.6)

Stage
Stage -l 134 (41.1) 226 (47.3) .084
Stage lIIHV 192 (58.9) 252 (52.7)

Adjuvant treatment
Nil 138 (42.3) 178 (37.2) 147
CT/RT 188 (657.7) 300 (62.8)

CEA level
Normal 189 (58.0) 313 (65.5) .031
Abnormal 137 (42.0) 165 (34.5)

Perineural invasion
No 217 (66.6) 371 (77.6) <.001
Yes 109 (33.4) 107 (22.4)

CT/RT =chemotherapy and/or radiotherapy.

outcome had no statistically significant differences in baseline
characteristics, except for CEA level and PNI.

3.2. Impact of textbook outcomes

The association between textbook outcome and disease-specific
death with 5 years was illustrated in supplementary Table 1,
http://links.lww.com/MD/E922. Ninety five patients (20%) with
textbook outcome died within 5 years. This resulted in 59%
sensitivity and 80% negative predictive value. The Kaplan—-Meier
survival curves were generated to compare the 5-year DSS. As
presented in Fig. 2, the 5-year DSS differed significantly between
subgroups of patients with and without textbook outcome.
Colon cancer patients with a textbook outcome had better
survival outcomes than those patients without a textbook
outcome (80.1% vs 58.3%, P<.001). In accordance with
univariate results, the multivariate analysis (Table 3) indicated
that having a textbook outcome was still associated with longer
S-year DSS for surgically treated colon cancer patients (adjust
hazard ratio [aHR], 0.44; 95% confidence interval [CI], 0.34—
0.57). We then performed stratified analysis for 5-year DSS
according to different demographic variables. As shown in
Table 4, textbook outcome still plays a significant protective role
for all age, sex, and cancer stage subgroups (all P<.001).

4. Discussion

A textbook outcome was achieved in 59.5% of patients in our
study. The main factors inhibiting textbook outcome were LN
yield >12, no stoma, and no adverse outcome. Negative
predictive rate of textbook outcome was 80%. Moreover,
patients with a textbook outcome had better 5-year DSS than
those without a textbook outcome. This means that well
preparation, surgery, and postoperative care could optimize
long-term survival. Therefore, the information of textbook
outcome could not only be used to evaluate a summary of short-
term quality of cancer care, but also to predict long-term survival
in operated colon cancer patients.

This study has several strengths. To our knowledge, this is the
first study to use a textbook outcome including preoperative,
intraoperative, and postoperative quality parameters to predict
long-term survival in colon cancer. Sensitivity (59%) and
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Figure 2. Kaplan-Meier 5-year disease specific survival curves for surgically
colon cancer patients according to whether or not a textbook outcome was
achieved (80.1% vs 58.3%, P <.001).

negative predictive rate (80%) of textbook outcome on long-term
survival were noted. Although the sensitivity of textbook
outcome was not high, the negative predictive rate was
acceptable. This high negative predictive rate of textbook
outcome on operated colon cancer patients could be utilized as
a summary quality measure of cancer treatment. As we know, the
accreditation for quality of cancer care are not simple. The
comparison of disease-specific survival or overall survival
between different institutions might be unfair due to selection
bias and confounding effect of different stage, age, fragility of the
patients and techniques, equipment, and treatment modality of
the hospitals and staff.l! However, evaluation of the textbook
outcome rate of the treated patients, such as operated colon
cancer patients, was feasible and simple. Second, with a longer
follow-up time than previously used in similar studies,'®! our

Univariate and multivariate analysis for the 5-year disease-specific
survival, n=3804.

Univariate Multivariate
HR (95% Cl) HR (95% Cl)
Textbook outcome 0.39 (0.30-0.50) 0.44 (0.34-0.57)
Age 1.02 (1.01-1.04)
Age: >65 yr 1.81 (1.38-2.36) 1.71 (1.31-2.24)
Gender: female 0.97 (0.75-1.27)
Marital status: unmarried 1.99 (1.48-2.67) 1.70 (1.26-2.29)
Differentiation: poorly/undifferentiated 1.96 (1.45-2.64) 1.89 (1.39-2.56)
T category: T3—4 2.95 (1.80-4.83) 1.61 (0.95-2.73)
N category: N1-2 3.18 (2.36-4.28) 2.68 (1.91-3.75)
Stage: Stage llI-IV 3.99 (2.89-5.50)
Adjuvant treatment: RT/CT 1.33 (1.01-1.74) 0.71 (0.53-0.97)
CEA level : abnormal 2.01 (1.56-2.61) 1.38 (1.06-1.81)
Perineural invasion: yes 2.41 (1.85-3.14) 1.54 (1.17-2.04)

Cl=confidence interval; CT/RT = Chemotherapy and/or radiotherapy; HR =Hazard ratio.
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Stratified analysis of textbook outcome for the 5-year disease-
specific survival according to age, gender, grade, and stage, n=
804.

Textbook outcomes HR (95% CI) P value
Age
Age: <65 yr 0.38 (0.24-0.59) <.001
Age: >65 yr 0.46 (0.33-0.65) <.001
Gender
Male 0.42 (0.29-0.59) <.001
Female 0.44 (0.28-0.67) <.001
Stage
Stage -l 0.28 (0.15-0.51) <.001
Stage -V 0.46 (0.34-0.62) <.001

Adjust for patient’s age, marital status, differentiation, T category, N category, treatment, CEA level,
and perineural invasion. Cl=confidence interval, HR =Hazard ratio.

study validated a textbook outcome that is easy to generate for
colon cancer patients undergoing surgery and is sufficient to
estimate survival. Third, our database permitted analysis of the
predisposing factors that may influence survival (e.g., CRM
status, tumor grade, PNI, CEA levels, and adjuvant therapy). We
were therefore able to perform an in-depth assessment of the
impact of these factors on outcomes.

As reported by the Institute of Medicine, evaluating the quality
of care has become increasingly more important in recent
decades.['7181 Egpecially for cancer patients, optimizing the
quality of cancer care can reduce ineffective care and improve
health care practices with proven benefit. But, quality of cancer
care is complex, comprising many different aspects of the process
of care, and differing also by type of cancer. For patients
undergoing curative cancer surgery, the surgical process can be
considered safe if no adverse outcomes (mortality and morbidity)
have occurred, and effective if complete tumor removal and
adequate lymphadenectomy have been achieved. These goals are
represented in the composite measure textbook outcome.!?!
Textbook outcome places individual outcome parameters within
a broader context and approaches quality of care from a systems
perspective. A better understanding of the different factors that
lead to success or failure during the surgical process may
potentially lead to further improvements in quality of care. A
textbook outcome has also been described for patients with
surgically treated esophagogastric cancer./®!’!

Although the composite measure textbook outcome represents
a comprehensive method to evaluate quality of care, most
previous studies only discussed the variations of textbook
outcome between different hospitals.'®'%?°! Recently, van der
Kaaij et al,™” reported that esophageal and gastric cancer
patients with a textbook outcome had a better 3-year overall
survival after surgery. The underlying reason for the association
between textbook outcome and overall survival is textbook
outcome consists of known prognostic factors, including
complete staging, clear tumor resection, retrieval of at least 12
LNs, and well postoperative care.*1*?! For example, preopera-
tive flexible sigmoidoscopy is recommended to evaluate for
synchronous carcinoma or neoplastic polyps.**! By receiving
appropriate preoperative staging prior to resection, colon cancer
patients had a lower risk of tumor recurrence, perioperative
morbidity and mortality, leading to a better long-term surviv-
al.P*231 A significant negative impact on survival of time factors
such as longer than 6 weeks from first diagnostic test adapted in
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our analysis were also discussed in colon cancer.*®! Moreover,
different to complete tumor resection with clear margin and
sufficient lymph node retrieved which had been recognized as
survival prognosticators,?>2”! intraoperative leakage and infec-
tious complications significantly increased the serum concentra-
tion of Interleukin-6 and vascular endothelial growth factor after
colorectal cancer surgery. Amplification of inflammation and
angiogenesis might be the reason for the higher disease recurrence
and worse survival in colon cancer.?"?%! Under the multidisci-
plinary team of specialists to an optimal pre-, peri-, and
postoperative care path for patients undergoing colon cancer
surgery, the association between textbook outcome and better
overall survival would be expected. In our results, surgically
treated colon patients with textbook outcome had statistically
significant better 5-year DSS compared with those without
(80.1% vs 58.3%) and negative predictive rate for long-term
survival was up to 80%. Important obstacles to achieving
textbook outcome were no stoma, no adverse outcome, and LN
yield >12. Therefore, by combining relevant short-term outcome
indicators of care into a single measure, textbook outcome
meaningfully addresses all aspects of care to identify the ideal
practice that leads to a favorable long term outcome.

With the advantages of this summary of hospital performance,
textbook outcome can help patients to choose hospitals that
provide the best quality of care and survival. For doctors, it can
provide useful feedback on how often treatment is successful and
drive quality improvement when the included parameters are
evaluated separately.’®!°! For hospitals, because a single
indicator is insufficient to reflect the overall quality of care
(supplementary Table 2, http:/links.lww.com/MD/E923), using
this composite measure could easy to discriminate the total
quality of care and to compare long-term outcome between
hospitals, especially for those new hospitals without enough
follow-up time. For government, use of the measure could
potentially lower treatment variations between hospitals by
providing more public health grant, human resource, and
education courses.*”’

This study had some limitations that should be addressed. One,
our analysis could not correct for potential confounding factors
adversely affecting the health of cancer patients, such as
comorbidities reflecting poor general health and nutritional
status. The use of instrumental variable analysis may help control
for such measured and unmeasured confounding factors.!*’!
Second, the different textbook outcome parameters were not
weighted by their unequal influence because there is no evidence
to support the relative value of each. Any weights added to the
textbook outcome measure would vary by hospital and would
diminish its simplicity of use. We further analyzed the different
combination number of indicators, ranging from 1 to 6
(supplementary Table 2, http:/links.lww.com/MD/E923). Text-
book outcome defined as with 6 indicators had the highest
Harrell ¢, sensitivity, and negative predictive rate, compared with
others. Third, we only included 6 quality of care parameters in
this study. Other important parameters from evidence-based
medicine are potential added into current textbook outcome
measure and could be discussed in the future. Finally, we focused
on patients who underwent surgery as a first treatment. Patients
who did not receive tumor resection with curative intent or who
were treated with chemotherapy first cannot be assessed in this
population.

In summary, a single indicator is not sufficient to reflect the
entirely quality of care for cancers. A composite measure called
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textbook outcome is defined as a patient whose healthcare team
has met all the most important quality of care parameters for
procedure. By using this multidimensional measure, it can be used
not only to drive quality improvement for healthcare teams, but
also to evaluate the summary of quality of care between hospitals.
Furthermore, our results demonstrated the critical importance of
optimizing the quality of care on 5-year DSS in operated colon
cancer patients. With a high negative predictive rate of 80%, the
information from the textbook outcome is a simple, useful, and
reliable tool for patients or hospital accreditation to know one
hospital performance of cancer care.
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