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Abstract

AIM: To assess the relationship between long-term
colorectal patient survival and methods of calculating
composite performance scores.

METHODS: The Taiwan Cancer Database was used
to identify patients who underwent bowel resection for
colorectal adenocarcinoma between 2003 and 2004.
Patients were assigned to one of three cohorts based
on tumor staging: cohort 1, colon cancer stage < 1I;
cohort 2, colon cancer stage III; cohort 3, rectal can-
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cer. A composite performance score (CPS) was calcu-
lated for each patient using five different aggregating
methods, including all-or-none, 70% standard, equal
weight, analytic hierarchy process (AHP), and principal
component analysis (PCA) algorithms. The relationships
between CPS and five-year overall, disease-free, and
disease-specific survivals were evaluated by a Cox pro-
portional hazards model. A goodness-of-fit analysis for
all five methods was performed using Akaike’s informa-
tion criterion.

RESULTS: A total of 3272 colorectal cancer patients
(cohort 1, 1164; cohort 2, 790; cohort 3, 1318 pa-
tients) with a mean age of 65 years were enrolled in
the study. Bivariate correlation analysis showed that
CPS values from the equal weight method were highly
correlated with those from the AHP method in all co-
horts (all 7 < 0.05). Multivariate Cox hazards analysis
showed that CPS values derived from equal weight and
AHP methods were significantly associated with five-
year survivals of patients in cohorts 1 and 2 (all P <
0.05). In these cohorts, higher CPS values suggested
a higher probability of five-year survival. However, CPS
values derived from the all-or-none method did not
show any significant process-outcome relationship in
any cohort. Goodness-of-fit analyses showed that CPS
values derived from the PCA method were the best fit
to the Cox proportional hazards model, whereas the
values from the all-or-none model showed the poorest
fit.

CONCLUSION: CPS values may highlight process-out-
come relationships for patients with colorectal cancer in
addition to evaluating quality of care performance.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
Key words: Performance measure; Composite perfor-

mance score; Colon cancer; Rectal cancer; Patient sur-
vival; Analytic hierarchy process; Principal component

November 14, 2014 | Volume 20 | Issue 42 |



Chung KP et a/. Composite score and survival for colorectal cancer

analysis

Core tip: Performance measures allow healthcare stake-
holders to evaluate the quality of services provided and
maintained by healthcare organizations. However, it is
unknown whether the implementation of performance
measurements may also improve patient outcome. This
study aimed to investigate the association between
composite performance scores calculated with five dif-
ferent algorithms and survival of surgical patients with
non-stage IV colorectal cancer. Models with weighted
schemes showed that higher performance scores cor-
related with increased five-year survivals. However, the
most stringent criterion-based strategy, the all-or-none
method, failed to show any association.

Chung KP, Chen LJ, Chang YJ, Chang YJ. Can composite per-
formance measures predict survival of patients with colorectal
cancer? World J Gastroenterol 2014; 20(42): 15805-15814
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i42/15805.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
42.15805

INTRODUCTION

In recent decades, performance measurements for medi-
cal care have been implemented to assess the quality of
care provided by hospitals. These assessments consist of
a standardized set of valid, reliable, and evidence-based
measures applicable to the process of accreditation and
for improvements in quality and performance'’. In addi-
tion, the healthcare system can develop its own perfor-
mance measures, and payer organizations can use individ-
ual measures as pay-for-performance criteria®”, Although

the goal of these assessments is to ultimately improve
patient care and outcome, their effect has been largely
untested!”. A report from the Institute of Medicine (IOM)
emphasized the importance of performance and quality
assessment of cancer care”. However, studies of perfor-
mance measures to date have been based on descriptions
of given hospitals, geographic areas, or populations, and
have primarily focused on breast cancer”. The TOM has
recommended the use of summary measures (composite
measures) to streamline assessments from various orga-
nizations and government agenciesm. Such composite
measures can eliminate the limitations associated with in-
59 and have increasingly been used to
summarize healthcare performance and enhance provider
and hospital accountability. However, no consensus has

been established for the incorporation of assessments
[10]

dividual measures

into a reliable composite measure

Colorectal cancer is a major public health threat and
the second leading cause of cancer deaths in United
States, the third leading cause in Taiwan, and the fourth
leading cause wotldwide" . However, the advancement
in available adjuvant therapies, including chemotherapeu-
tic agents, target and radiation therapies[m’m, has not been
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paralleled by improvement in patient outcome. For this
reason, an investigation of process-outcome correlation
is crucial to ensure that the design of the performance
measurement system is appropriate. This study compared
five methods [all-or-none, 70% standard, equal weight,
analytic hierarchy process (AHP), and principal compo-
nent analysis (PCA)] for the calculation of a composite
performance score (CPS) for the treatment of newly di-
agnosed colorectal cancer patients from hospitals partici-
pating in the Taiwan Cancer Database (TCDB). The aim
of this study was to assess the relationship between the
composite performance score and the long-term survival
of patients.

MATERIALS AND METHODS

Data sources and patient selection

The data in this study were obtained from the TCDB,
a nation-wide cancer registry containing disease char-
acteristics, treatment modalities, and updated follow-up
status for patients with six major types of cancer, and
were linked with the National Health Insurance Database
(NHID), a population-based database containing claim
data from all healthcare organizations in Taiwan!". Pa-
tients newly registered in the TCDB (with International
Classification of Disease for Oncology 1CD-O-3 C18.0
colon-C21.8 rectum) from 2003 to 2004 were identified.
Patients who did not undergo curative surgery (ze., bi-
opsy only, colostomy only, or no surgery of any kind) or
transanal excision were excluded from the analysis. Cura-
tive surgery referred to total proctectomy, hemicolec-
tomy, partial, subtotal, or total colectomy, or colectomy
with resection of the diseased organ (operation type code
20-90). Patients with stage IV disease, pathological report
other than adenocarcinoma, ot no treatment record in the
NHID were also excluded. Patients enrolled in this study
were then linked to the 2002-2005 NHID to acquire co-
morbidity status and linked to a third database (2003-2009
death registry from the Ministry of the Interior) to re-
check survival status and identify cause of death if any.
Enrolled patients were divided into one of three cohorts
according to disease stage. The variables available for this
study included age at diagnosis, sex, comorbidity index,
primary tumor site, stage, pathological grade (differentia-
tion) and stage, surgical margin, tumor invasion depth,
lymph node evaluation, chemotherapy, and radiotherapy.
The primary endpoint was five-year survival, including
overall survival (OS), disease-free survival (DFS), and

disease-specific survival (DSS) @

Performance measures and AHP questionnaire

A set of performance measures for colorectal cancer
has been developed by our group in collaboration with
multidisciplinary professionals (proposed by the Taiwan
Clinical Oncology Group from the National Health Re-
search Institute)". This multidisciplinary panel endorsed
11 measures covering three categories: two pre-treatment,
six treatment, and three follow-up measures. For this
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Table 1 Priorities and weights of performance measures for colorectal cancer using the analytic hierarchy process method

Category Measure Description Global1 Weight?
T Cohort 1 Cohort 2 Cohort 3
Pre-treatment (PT) PT1 CRC patients with pre-operative chest X-ray and abdominal 0.144 0.213 0.193 0.213
ultrasound, CT scan, or MRI
PT2 Early stage of CRC 0.104 0.154 0.140 0.154
Treatment (T) T1 CRC patients with history of surgical resection that were 0.030 0.044 0.040 0.044
checked by colonoscopy or barium enema LGI series with
sigmoidoscopy within six months peri-operatively
T2 Patients with non-metastatic CRC offered curative resection 0.057 0.084 0.077 0.084
or neoadjuvant therapy within six weeks of diagnosis
T3 Patients with stage I to Il CRC who underwent wide 0.133 0.197 0.179 0.197
surgical resection with a “negative margin”
T4 CRC patients who underwent surgery with pathology 0.116 0.172 0.156 0.172
reports on tumor and node stage
15 Patients with stage I to Il CRC with twelve or more lymph 0.092 0.136 0.124 0.136
nodes examined in pathology reports
T6 Patients (< 70 yr) with stage Il CRC who received 0.069 0.093
chemotherapy within eight weeks after surgery
Follow-up (F)’ F1 CRC patients (stages I -III) survived after five post- 0.101
operative years
F2 RC patients (stages I -1II) experienced no local recurrence 0.082
after five post-operative years
S CRC patients expired within 30 d after surgery 0.073
Sum of priorities (or weights) 1.001* 1.000 1.000 1.000

'Values from Chung et al®l, 2013; *Individual weight was derived proportionally from individual global priority; "Measures from follow-up category were not

considered as process measures; ‘Value due to rounding. Cohort 1: Colon cancer patients, stage < III; Cohort 2: Colon cancer patients, stage Ill; Cohort 3: Rec-

tal cancer patients. CRC: Colorectal cancer; RC: Rectal cancer; CT: Computed tomography; MRI: Magnetic resonance imaging; LGI: Lower gastrointestinal.

study, an emphasis was placed on pre-treatment and the
first six treatment measures, which were modified to al-
low binary status assignments (yes/no, concordant/non-
concordant) at the patient level™. Priorities or weights
(Table 1) were used in subsequent CPS calculations in
this study. The design of the study is shown in Figure 1.

All-or-none calculation of the CPS

The all-ot-none score is a dichotomous variable that
signifies patients for whom all of the audited aspects of
care are met. This method has recently been advocated
largely on the basis that acceptance of anything less than
complete care is incompatible with the pursuit of excel-

lence!®"*

70% standard calculation of the CPS

The 70% standard method is a less stringent version of
the all-or-none method that was recently adopted by
Reeves ¢t a/””. The 70% standard score is a dichotomous
variable with a lowered criterion such that only 70% of
the audited aspects of care need to be met.

Equal weight calculation of the CPS

The equal weight score represents the mean percentage
of audited aspects of care that are met for each patient
method and assumes that all indicators contribute equally
to the outcome®. The equal weight method has been
used to evaluate changes in quality of care over a five-
year period in a representative general practice sample in
Englandm and to explore the trend of composite hospi-
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. 20]
tal measures following coronary artery bypass surgery”’.

AHP calculation of the CPS

The AHP method was developed by Thomas to solve
complex problems involving multiple criteria and features
an ordinal pair-wise comparison of attributes ranging
from a score of 1 (equal importance) to 9 (extreme im-
portance)'”, The AHP technique results in priorities of
attributes (weights of performance measures) that add
up to 1. This method was used by Richman e 2/*” for the
selection of prostate cancer treatments. Among the five
methods used in the present study, it is the only one that
requires experts’ choices in a questionnaire survey.

PCA calculation of the CPS

The PCA calculation is a simple, non-parametric method
of extracting relevant information from complex da-
tasets””. The goal of the PCA method is to reduce the
dimensionality of a dataset containing a large number of
interrelated variables, while retaining its variation to the
greatest extent possible!'”. This method has previously
been used to rank American hospitals””.

Statistical analysis

Statistical analyses were performed using SAS, version 8.2
(SAS Institute Inc., Cary, NC, United States) and SPSS
12.0 (SPSS Inc., Chicago, 1L, United States) statistical soft-
ware. Multivariate Cox proportional hazards models were
constructed for survival analyses. All estimates were de-
rived by controlling for age, sex, comorbidity, chemother-
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Extensive literature
review (122)

Consensus building stage:
Modified Delphi technique

Stakeholder feedback

Performance measures (25)"

f«—— Update

Measures list (78)

Performance measures (8 + 3)°

l«————— Face-to-face expert meeting’

Expert’s questionnaires®

All-or-none 70% standard Equal weight PCA

AHP

Composite performance score

l

Patient outcome

Figure 1 Flow chart of the study design (modified from Chung et al’", 2010 and Chung et af'®, 2013). 'Including 3 pre-treatment measures, 16 treatment mea-
sures, and 6 monitor measures (Chung, 2010); Meetings were held on September 4 and October 2, 2009 at the College of Public Health, National Taiwan University;
*Including 2 pre-treatment measures, 6 treatment measures, and 3 follow-up measures (Chung, 2013); *Questionnaire was mailed on October 25, 2009 and com-
pleted as of November 20, 2009 (Chung, 2013). PCA: Principal component analysis; AHP: Analytic hierarchy process.

apy, and tumor, lymph node, and metastasis (TNM) stage.
Values are expressed as mean * SD, and P < 0.05 was
considered to be statistically significant. Akaike’s informa-
tion criterion (AIC) was used to represent the goodness-
of-fit of models in the CPS. To identify the best model,
AIC = 2k - 2 In(L), where k refers to the number of
parameters, and L refers to the maximized value of the
likelihood function for the estimated model™. As the
smallest value of AIC indicates the best model fit, data
are reported as AAIC (difference from the best model).
As result, the best model is defined by an AIC = 0.

RESULTS

Description of patient cohorts
A total of 8143 patients newly diagnosed with colorectal
cancer from 2003 to 2004 were treated in 29 hospitals
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participating in the TCDB program (Figure 2). Of the
3272 patients who were eligible for this study, 1164 pa-
tients had stage < Il colon cancer (cohort 1), 790 pa-
tients had stage Il cancer (cohort 2), and 1318 patients
had rectal cancer (cohort 3). The mean age of patients
among the cohorts ranged from 64.3 to 66.8 years, and all
cohorts were comprised of a greater proportion of male
patients (Table 2).

In cohorts 1 and 2, tumors were most often located
in the sigmoid colon, followed by the ascending colon.
Comorbidity indices of patients were more frequently
= 2, and = 3 (71%) for cohort 2. The majority of tu-
mors in all cohorts were moderately differentiated (about
81%). These tumors commonly penetrated through the
muscularis propria of the colorectal wall into the subse-
rosa (cohorts 1 and 3), and directly invaded other organs
(cohort 2). TNM staging indicated that the majority of
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8143 patients

Newly diagnosed colorectal cancer, treated at

29 hospitals (TCDB 2003, 2004)

Excluded 3045 patients with stage IV
disease or unknown pathologic stage

5098 patients
With colorectal cancer < stage IV

Excluded 50 patients with pathology reports
other than adenocarcinoma or anal cancer

Excluded 75 patients who did not undergo
curative surgery or did not have information
about lymph node counts

4973 patients

Colorectal adenocarcinoma with performance

measures information

Excluded 1701 patients with incomplete
composite measures information

3272 patients

Colorectal adenocarcinoma with complete

process measures information

1164 patients
(Cohort 1)
Colon adenocarcinoma (< stage
1) with available nodal status and
complete performance measures

790 patients
(Cohort 2)
Colon adenocarcinoma (stage 1)
with available nodal status and
complete performance measures

information information

1318 patients
(Cohort 3)

Rectal adenocarcinoma with
available nodal status and
complete performance measures
information

Figure 2 Enroliment of colorectal patients. TCDB: Taiwan cancer database.

cohort 3 patients (58.2%) presented with NO status at
the time of first treatment, whereas most patients of co-
hort 2 were of N1 staging (63.9% #5 35.4% in N2). The
number of lymph nodes retrieved and examined was 17.7
+ 12.6,19.3 £ 13.9, and 15.4 £ 10.0 for patients of co-
horts 1, 2, and 3, respectively. Harvests of more than 25
lymph nodes were uncommon. Adjuvant chemotherapy
was administered to 26.3, 75.9, and 49.6% patients, and
radiotherapy to 2, 4.1, and 23.4% patients from cohorts
1, 2, and 3, respectively. The mean follow-up duration of
all patients was 54.6 £ 21.5 mo (range, 0.0 to 84.0). Five-
year overall survival rates were 87.1, 73.0, and 88.7% for
cohorts 1, 2, and 3, respectively.
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Association between composite performance score and
survival

The CPS values calculated by each of the five methods
are presented in Table 3, ranging from 0 to 1 for all
methods except PCA. CPS values derived with the equal
weight method were strongly correlated with values de-
rived using the AHP and PCA methods in cohort 1, and
with the AHP method only in cohorts 2 and 3 (Table 4).
The relationships between CPS values derived from each
of the five methods and patient survival are summarized
in Table 5, including HR estimated after controlling for
confounders. Five-year OS in cohort 1 was significantly
associated with CPS values detrived with the 70% stan-
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Table 2 Characteristics of patients undergoing colectomy for

colorectal adenocarcinoma 7 (%)

Parameter Cohort 1 Cohort 2 Cohort 3
(n=1164) (n=790) (n=1318)
Age (yr) 668+131  654+136  643+128
Sex (M/F) 656 (56.4)/ 431 (54.6)/  781(59.3)/
508 (43.6) 359 (45.4) 537 (40.7)
Location
Rectum - - 1318 (100)
Rectosigmoid junction 124 (10.7) 88 (11.1) -
Sigmoid 440 (37.8) 313 (39.6) -
Descending 124 (10.7) 72 (9.1) -
Splenic flexure 35 (3.0) 17 (2.2) -
Transverse 107 9.2) 70 (8.9) -
Hepatic flexure 47 (4.0) 38 (4.8) -
Ascending 173 (14.9) 118 (14.9) -
Cecum and appendix 77 (6.6) 44 (5.6) -
Overlapping 12 (1.0) 7 (0.9) -
Unspecified 25 (2.1) 23 (2.9) -
Comorbidity
CCI(0or1) 63 (5.4) 26 (3.3) 73 (5.5)
CCI (2 659 (56.6) 103 (25.7) 531 (40.3)
(>3) 442 (37.9) 661 (71.0) 714 (54.2)
Grade
Well differentiated 102 (8.8) 46 (5.8) 101 (7.7)
Moderately differentiated 937 (80.5) 640 (81.0) 1072 (81.3)
Poorly differentiated 61 (5.2) 87 (11.0) 89 (6.8)
Un-differentiated 1(0.1) - 1(0.1)
Unspecified 63 (5.4) 17 (2.2) 55 (4.2)
Staging (p)
Stage I 295 (25.3) - 311 (23.6)
Stage 1I 869 (74.7) - 459 (34.8)
Stage IIl - 790 (100.0) 548 (41.6)
pT1 133 (11.4) 15 (1.9) 107 (8.1)
pT2 164 (14.1) 37 (4.7) 287 (21.8)
pT3 694 (59.6) 574 (72.7) 719 (54.6)
pT4 162 (13.9) 8 (20.0) 198 (15.0)
Unspecified 0.9) 6 (0.8) 7(0.5)
pNO 1164 (100) - 767 (58.2)
pN1 - 505 (63.9) 299 (22.7)
pN2 - 280 (35.4) 246 (18.7)
Unspecified - 5 (0.6) 6 (0.5)
Lymph node examination 17.7 £12.6 19.3+13.9 154 £10.0
Chemotherapy (yes) 306 (26.3) 600 (75.9) 654 (49.6)
Radiotherapy (yes) 23 (2.0) 32 (4.1) 308 (23.4)
Follow-up months (range) ~ 57.1+20.1 51.3+232  547+£213
(0-84.0) (0.1-84.0) (0-83.8)
Five-year survival rate 87.1 73 88.7

Pathological staging and T and N classifications as defined by the Ameri-
can Joint Committee on Cancer, 6" edition. CCI: Charlson comorbidity
index; M/F: Male/Female; p: Pathological.

dard, equal weight, AHP, and PCA methods (HR = 0.76,
95%CI: 0.59-0.98; HR = 0.32, 95%CI: 0.14-0.74; HR =
0.32, 95%CI: 0.14-0.73; and HR = 0.85, 95%CI: 0.78-0.92,
respectively, all P < 0.05). Similar results were found for
the five-year DSS and DFS (except marginal significance
for DFS by the 70% standard method). These data indi-
cate that a patient with a higher CPS in cohort 1 had an
increased probability for five-year survival. For patients in
cohort 2, the CPS values detived with the AHP method
were significantly associated with five-year OS or DSS,
and values derived with the equal weight method were
only associated with the DSS. There were no significant
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associations between five-year survivals and CPS values
for patients in cohort 3. Moreover, CPS values derived
with the all-or-none method gave no prediction for five-
year survival. The goodness-of-fit model analysis using
AIC showed that the best method for predicting five-year
survivals, with the lowest AIC values, was the PCA meth-
od, followed next by the AHP and equal weight methods
(Table 6).

DISCUSSION

The complexity of colorectal cancer and its treatment
limit the availability of solid evidence concerning the
quality of care and its relation to patient outcome.
This study is the first, to our knowledge, to assess such
process-outcome relationships by use of composite mea-
sures in colorectal cancer therapy. The most important
finding of this study is that almost all of the aggregating
methods used to generate a CPS, the use of which have
been controversial™, correlated with patient survival.
The tresults of this study demonstrate that the all-
or-none method of generating a composite measure
of treatment quality was not associated with patient
outcome for any of the cohorts examined. This is in
contrast to results obtained by Cheng ef al” who dem-
onstrated a positive relationship between all-or-none
performance measures and five-year OS and DFS for
patients with breast cancer within a single hospital. This
discordance could be attributed to the fact that the level
of performance measures for breast cancer is higher than
for colorectal cancer. Additionally, the heterogeneity of
population-based data may play a role, as patients from
29 hospitals were included in the present study. Despite
the differences in methodologies, both studies reveal the
possibility that CPS shows prognostic significance in the
field of cancer care. The cutrent study also substantiates
the role for AHP in the performance measurement of
colorectal cancer. The AHP method incorporates multi-
criteria selection, which is useful for deciding priorities in
performance measures, and valuable expert clinical input
to facilitate clinicians’ adherence to the chosen perfor-
mance measures. Unlike the equal weight method, the
AHP provides prioritized ranking of target measures for

subsequent discretion, which may prove most useful for
[18]

the design of pay-for-performance programs

The selection of an appropriate aggregating method
for calculating a CPS is not always stereotyped. The “ab-
solute score” methods (all-or-none and 70% standard)
represent the degree to which a provider has achieved a
predefined threshold of quality of care for each patient.
The judgment of 70% is arbitrary, aimed to strike a bal-
ance between strictness and leniencym. The scores de-
rived from the remaining aggregating methods, however,
are modified by weighting each measure before aggrega-
tion. These methods, namely the AHP, PCA, and equal
weight, differ on the relative contribution that each mea-
sure makes to the composite score.

The use of a weighting scheme raises complex ques-
tions, such as how to select a suitable criterion on which
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Table 3 Composite performance scores (mean, range) calculated by different methods

Cohort All-or-none 70% standard Equal weight AHP PCA
1 0.07 £0.26 0.78 +0.42 0.74+0.14 0.78 £0.14 0+1.00
(0.00-1.00) (0.00-1.00) (0.29-1.00) (0.22-1.00) (-6.44-1.04)
2 NA 0.68 +0.47 0.73£0.12 0.73+0.12 0+1.00
NA (0.00-1.00) (0.25-0.88) (0.27-0.86) (-2.03-1.23)
3 0.05 £ 0.21 0.76 £ 0.43 0.73+0.14 0.77 £0.13 0+1.00
(0.00-1.00) (0.00-1.00) (0.14-1.00) (0.19-1.00) (-13.13-0.59)

Cohort 1: Colon cancer patients stage < IIl; Cohort 2: Colon cancer patients stage III; Cohort 3: Rectal cancer patients. AHP: Analytic hierarchy process; NA:
Not applicable; PCA: Principal component analysis.

Table 4 Correlation matrix of composite performance scores calculated by different methods

Cohort Method All-or-none 70% standard Equal weight AHP PCA
1 All-or-none 1

70% standard 0.149° 1

Equal weight 0.500" 0.784" 1

AHP 0.476 0.710° 0.918" 1

PCA 0.288" 0.664" 0.819° 0.853" 1
2 All-or-none NA

70% standard NA 1

Equal weight NA 0.843" 1

AHP NA 0.753° 0.891° 1

PCA NA 0.436° 0.502° 0.823° 1
3 All-or-none 1

70% standard 0.125° 1

Equal weight 0.429° 0.794° 1

AHP 0.416° 0.700° 0.904° 1

PCA 0.071° 0.407° 0.484° 0.419° 1

Cohort 1: Colon cancer patients stage < IIl; Cohort 2: Colon cancer patients stage IIl; Cohort 3: Rectal cancer patients. °P < 0.01 vs control. AHP: Analytic
hierarchy process; NA: Not applicable; PCA: Principal component analysis.

Table 5 Associations between composite performance score and five-year survival by multivariate Cox proportional hazards model

Cohort Survival Method
All-or-none 70% standard Equal weight AHP PCA
HR 95%CI Pvalue HR 95%Cl Pvalue HR 95%Cl Pvalue HR 95%CI Pvalue HR 95%CI P value
1 (@5} 0.88 0.45-1.73 NS 0.76 0.59-098 0.032 0.32 0.14-0.74 0.007 0.32 0.14-0.73 0.007 0.85 0.78-0.92 <0.001
DSS 0.93 0.40-2.20 NS 0.69 0.52-091 0.009 030 0.12-0.79 0.014 0.28 0.11-0.70 0.006 0.85 0.77-0.95  0.002
DFS 0.93 0.49-1.80 NS 0.78 0.61-1.01 0.057 040 0.17-092 0.031 0.36 0.16-0.80 0.013 0.87 0.79-0.95 0.002
2 (@5} NA 092 0.73-1.17 NS 042 0.16-1.08 NS 039 0.15-098 0.045 092 0.83-1.03 NS
DSS NA 0.88 0.69-1.13 NS 035 0.13-094 0.038 031 0.12-0.81 0.017 090 0.81-1.01 NS
DES NA 0.96 0.76-1.21 NS 048 0.19-1.23 NS 047 0.19-1.18 NS 0.95 0.83-1.03 NS
3 0s 1.07 054213 NS 093 075-1.16 NS 007 034-146 NS 072 035-149 NS 098 0.89-1.08 NS
DSS 1.33 0.60-292 NS 09 081-1.01 NS 061 028134 NS 066 030-143 NS 1.00 0.89-1.11 NS

DFS 113 058219 NS 095 075116 NS 073 035-1.50 NS 076 037155 NS 099 090-1.08 NS

Cohort 1: Colon cancer patients stage < IIl; Cohort 2: Colon cancer patients stage Ill; Cohort 3: Rectal cancer patients. AHP: Analytic hierarchy process; DFS:
Disease-free survival; DSS: Disease-specific survival; NA: Not applicable; OS: Overall survival; PCA: Principal component analysis.

to base the weights, how to determine the value each eliminate the double counting of performance measures,
weight should take, and how to determine the sensitivity though the set of weights used in the composite score
of the score to the weights. The equal weight method is will change as a result of its sensitivity to data modifica-
the simplest and most straightforward, ensuring that each tion, revision, and updarjngm]. The AHP method recruits
performance measure makes an equal contribution, re- participation of expert medical professionals vz a ques-
gardless of how discrepant their priorities are. The PCA tionnaire survey at the outset, which can increase the
method, based on statistical models, and the AHP meth- transparency of the composite score. This can encourage
od, based on experts’ preferences for measures, assign cooperation between clinical practitioners and academic
different weights to each measure. The PCA method can researchers, as well as other stakeholders, which may be
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Table 6 Model fit analysis of Akaike’s information criterion values calculated by different methods

Cohort Survival Method
All-or-none 70% standard Equal weight AHP PCA
1 (053] 12.819 8.544 6.002 5.895 0
DSS 8.823 2412 3.047 1.691 0
DFS 9.406 6.023 4.921 3.434 0
2 oS NA 14.655 11.914 11.205 0
DSS NA 4.593 1.363 0 2.520
DFS NA 2.385 0.246 0 1.605
8 oS 0.843 0.483 0 0.105 0.750
DSS 1.053 0.380 0 0.421 1.507
DFS 0.617 0.543 0 0.177 0.659

Cohort 1: Colon cancer patients stage < III; Cohort 2: Colon cancer patients stage II[; Cohort 3: Rectal cancer patients. Values represent the AAIC, where the

best model is defined as AIC = 0. AHP: Analytic hierarchy process; AIC: Akaike’s information criterion; DFS: Disease-free survival; DSS: Disease-specific

survival; OS: Overall survival; PCA: Principal component analysis.

more likely to result in the incorporation of quality im-
provement programs into daily practice, thus paving the
way for enhancement of patient outcome.

As corresponding academic associations develop pet-
formance measures of cancer care quality independently,
discrepancies between the specification of measures used
in this study and other works should not be overlooked.
Two of the performance measures (I3, T4) in this study
contained combinations of two to three measures, as in
the study by Malin ez a/”. However, unlike their study, we
recommended that chest X-rays, ultrasound, and comput-
ed tomography scans be ordered for pre-operative checks
for patients with colorectal cancer instead of ultrasound
alone, as was suggested for patients with rectal cancer by
their study. Another discrepancy was the commencement
of chemotherapy for stage Il colon cancer within two
months of diagnosis, in contrast to Desch e a/" who
advocated treatment within four months. However, the
minimal requirement of examining 12 lymph nodes re-
mained the same in our study.

There were several limitations of the present study.
First, although TCDB covered about 60% of all newly
diagnosed colorectal cancer patients, the results cannot be
considered as universal. Second, fewer than seven mea-
sures in each criterion are permitted in the AHP frame-
work. This restriction inevitably precludes the consider-
ation of some measures that may be meaningful, though
a recent study shows that the tendency to reduce the
number of performance measures is in pursuit of a use-
ful and meaningful end”". Third, the choice of weighting
schemes was constrained by the concern for case-based
adherence, rather than for comparison between the or-
ganizational or nationwide levels. Fourth, the failure to
demonstrate a process-outcome relationship in patients
with rectal cancer indicates that there is still a need for
revisal of these measures.

In conclusion, the results suggest that the imple-
mentation of performance measurement may improve
patient outcomes. For clinicians, adherence to composite
measures may increase colorectal cancer patients’ five-
year survivals. For policymakers, the all-or-none method
should not be used to evaluate colorectal cancer care, as
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this method failed to correlate with patient outcome. For
healthcare researchers, performance measurement is still
not predictive for survival in patients with rectal cancer,
indicating that research concerning the quality of can-
cer care should be expanded by comprehensive survival
studies or clinical trials. Future research may uncover
additional performance measures to allow for extension
of this process-outcome assessment to other cancer do-
mains and to achieve both an authentic improvement in
the quality of care as well as better patient prognosis.

COMMENTS

Background

Performance measures have been developed in recent decades in an effort to
ensure cancer care quality for several types of malignancies. For these mea-
sures to be meaningful, they should relate to patient outcome. A recent study
reported a relationship between individual measures and patient outcome in
breast cancer using data from a single hospital. However, there have been no
large-scale studies investigating the relationship between performance mea-
sures and patient outcome for colorectal cancer.

Research frontiers

The selection of methods for calculating composite performance scores is
arbitrary. There are “absolute score” methods, such as the all-or-none and 70%
standard methods, as well as weighted methods, including the equal weight,
analytic hierarchy process, and principal component analysis methods. By
comparing these five aggregating methods, the influences of each method on
process-outcome linkage in the field of colorectal cancer care can be evaluated
in-depth.

Innovations and breakthroughs

There is a large gap between clinicians and other healthcare stakeholders con-
cerning the development and application of cancer care performance measure-
ments. These differences may be resolved with the introduction of the analytic
hierarchy process method for construction and determination of performance
measures, which will subsequently set a standard for clinical daily practices.

Applications

The results of this study support the existence of a process-outcome linkage
in quality cancer care. Higher composite performance scores can predict in-
creased five-year survival in patients with colorectal cancer, and can be used to
effectively evaluate patient care.

Terminology

The composite performance score is acquired by aggregating scores of in-
dividual performance measures. Several levels of composite performance
scores can be calculated, including national, hospital, and individual levels. The
analytic hierarchy process is a weighting scheme that incorporates the priority
rankings from experts’ responses to a questionnaire. The principal component
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analysis is a method to weight individual performance measures to reduce the
dimensionality of dataset.

Peer review

This is a population-based study analyzing the predictive capability of compos-
ite performance scores on colorectal cancer patient survival. This is the first
study evaluating various strategies to calculate composite performance scores,
and demonstrates that weighted analyses of performance measurements may
provide the best method to evaluate quality of colorectal cancer care.
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