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Original Article

Objectives: The objective of this study was to evaluate the performance of risk-adjusted mortality models for colorectal cancer surgery. 

Methods: We investigated patients (n=652) who had undergone colorectal cancer surgery (colectomy, colectomy of the rectum and 

sigmoid colon, total colectomy, total proctectomy) at five teaching hospitals during 2008. Mortality was defined as 30-day or in-hos-

pital surgical mortality. Risk-adjusted mortality models were constructed using claims data (basic model) with the addition of TNM 

staging (TNM model), physiological data (physiological model), surgical data (surgical model), or all clinical data (composite model). 

Multiple logistic regression analysis was performed to develop the risk-adjustment models. To compare the performance of the mod-

els, both c-statistics using Hanley-McNeil pair-wise testing and the ratio of the observed to the expected mortality within quartiles of 

mortality risk were evaluated to assess the abilities of discrimination and calibration.

Results: The physiological model (c=0.92), surgical model (c=0.92), and composite model (c=0.93) displayed a similar improvement 

in discrimination, whereas the TNM model (c=0.87) displayed little improvement over the basic model (c=0.86). The discriminatory 

power of the models did not differ by the Hanley-McNeil test (p>0.05). Within each quartile of mortality, the composite and surgical 

models displayed an expected mortality ratio close to 1. 

Conclusions: The addition of clinical data to claims data efficiently enhances the performance of the risk-adjusted postoperative mor-

tality models in colorectal cancer surgery. We recommended that the performance of models should be evaluated through both dis-

crimination and calibration.
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INTRODUCTION

Measuring the quality of healthcare services facilitates deci-
sions about the selection of providers, the creation of financial 
incentives, and quality improvement for consumers, purchas-
ers, and providers. There is an increasing demand for precise 
comparative information about service quality. In this regard, 
risk-adjustment methods are frequently used for the evalua-
tion of the quality of patient outcomes [1,2]. Risk-adjustment 
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data are typically derived from claims data and clinical sources 
[3]. Claims data have the advantages of ready availability, low 
cost, and large volume. These advantages warrant the use of 
claims data for risk-adjustment [3,4]. 

In contrast, clinical data are more informative with regard to 
a patient’s pathophysiological risk of death, rendering clinical 
data more accurate than claims data and a more popular basis 
for the evaluation of quality [3-8]. Some investigators have 
suggested an alternative approach to the use of data sources 
in risk adjustment: combining clinical data and claims data can 
overcome any disadvantages of one or the other and strength-
en the advantages of both data sources [9,10]. 

To date, studies combining claims and clinical data have fo-
cused only on cardiovascular disease [4,8,11]. Although cancer 
is the most common cause of mortality in South Korea, a lack 
of evidence exists comparing the performance of risk-adjust-
ment cancer-mortality models based on data sources [7,12-
14]. Furthermore, the discriminatory power of various models 
has not been evaluated by a probability method (e.g., pair-wise 
test) in numerous studies. Many comparative studies measur-
ing the performance of risk-adjustment models are based on 
discrimination alone, not with calibration simultaneously, 
which can lead to avoidable controversy [1,3,4,6-9,11].

Colorectal cancer had the third highest age-adjusted inci-
dence (36.9 per 10 000 population) and was the fourth high-
est cause of age-adjusted mortality (12.0 per 10 000 popula-
tion) in South Korea in 2011 [15]. Colorectal cancer was in-
creasing in incidence relative to other types of cancer and as a 
cause of mortality in both men and women from 1999 to 2007 
in South Korea [16]. The recent increase in the colorectal can-
cer incidence and mortality in South Korea means that mea-
suring the quality of colorectal cancer surgery is of extreme 
importance. The purpose of this study was to improve the per-
formance of risk-adjusted mortality models for colorectal can-
cer by combining claims and clinical data. Additionally, we at-
tempted to compare both the discrimination and calibration 
performance of the models.

METHODS

Data Sources
The study sample consisted of patients who had undergone 

colorectal cancer surgery (colectomy, colectomy of the rectum 
and sigmoid colon, total colectomy, and total proctectomy) at 
five teaching hospitals in the Seoul metropolitan area during 

2008. A total of 652 patients were treated who had a principal 
diagnosis of colorectal cancer according to the International 
Classification of Disease 10 code (C180-C189, C190, C200, 
D010-D019, and D099) and procedure codes identified by the 
Korean National Health Insurance billing system (Q1261, 
Q1262, Q2671, Q2672, Q2673, Q2679, QA671, QA672, QA673, 
QA679, Q2921, Q2922, Q2923, Q2924, QA921, QA922, QA923, 
QA924, Q2925, Q2926, QA925, and QA926). The sample size 
for comparison of the discriminatory power of the models was 
calculated with the assumption that type I error =0.05 and 
type II error =0.2. The mean discriminatory power of the claims 
data models (c=0.739) and clinical data models (c=0.881) in 
previous studies were applied [1,3-8,11,17,18]. Based on a pi-
lot study, it was assumed that the Pearson correlation coeffi-
cient between the mortality probabilities of the two types of 
models was 0.8 [19] and that the ratio of the number of cases 
of survival to deaths was 27.3.

Measures of Outcome and Prognostic Factors
The outcome was defined as death occurring within 30 days 

of an operative procedure, either in the hospital or after dis-
charge from the hospital, regardless of the cause [20,21]. From 
the claims data, we extracted prognostic factors including age, 
sex, health insurance, associated surgery, admission through 
the emergency room, lymph node dissection, and comorbidi-
ties (diabetes mellitus, hypertension, liver disease, other cardi-
ac arrhythmia, and secondary cancer). Clinical prognostic fac-
tors were selected from the medical records by a full-time 
nurse reviewer who was trained in data extraction and includ-
ed TNM staging, history of past surgery, emergency surgery, 
body mass index, serum albumin levels, the American Society 
of Anesthesiologists (ASA) score, and perforation and obstruc-
tion of the colon. The prognostic factors were selected by 
three faculty members who practiced colorectal cancer sur-
gery in academic teaching hospitals through a review of previ-
ous literature and exploratory statistical results [7,12-14,20-29]. 
Meetings for the selection of prognostic factors were held four 
times, selection of claims data and clinical data and a review 
of the results of the models were performed. Dividing the val-
ue of the variables was also based on clinical judgment.

Study Design and Statistical Analysis
To compare the performance of models according to their 

data sources, five models were constructed using candidate 
prognostic factors. The basic model used standard claims data 



Won Mo Jang, et al.

76

including age, sex, health insurance, associated surgery, ad-
mission through the emergency room, lymph node dissection, 
and comorbidities. The TNM model used claims data plus TNM 
staging. The physiological model used claims data plus the 
ASA score, serum albumin levels, and body mass index. The 
surgical model used claims data plus emergency surgery, TNM 
staging, past surgery history, perforation of the colon, and ob-
struction of the colon. The composite model used claims data 
plus all the clinical data.

To avoid the use of secondary diagnoses that develop dur-
ing hospital stays as prognostic factors, we used only the sec-
ondary diagnoses that occurred during the 12 months prior to 
the first admission. We used multiple logistic regression to de-
velop models and bootstrapped entire data sets by repeating 
the steps 1000 times to prevent overfitting [30-32].

We examined the performance of the models according to 
two criteria: discrimination and calibration [33]. The discrimi-
natory power of the models was evaluated using c-statistics, 
or areas under the receiver operating characteristic curve, ac-
cording to Hanley-McNeil pair-wise tests [34]. The goodness of 
fit of each model was evaluated using Hosmer-Lemeshow sta-
tistics. To compare the power of calibration among the mod-
els, we first created log-log scatter plots of the models com-
pared with top-flight discrimination models and calculated 
the observed/expected (O/E) ratios and 95% confidence inter-
vals within each quartile of mortality for each of the models 
[3]. The quartiles represented four categories of estimated 
mortality risk. Subgroup analyses were performed by compar-
ing the observed and expected 30 day postoperative mortality 
according to age, TNM staging, ASA score, and obstruction of 
the colon [20].

This study was approved by the institutional review board 
of the Seoul National University College of Medicine. All statis-
tical analyses were performed using SAS version 9.1 (SAS Insti-
tute, Cary, NC, USA).

RESULTS

Of the total sample (n=652), 3.5% of patients died (n=23). 
The mean age was 64.2 years, and more than 62.5% of the pa-
tients were male. The distribution of surviving persons differed 
by age, secondary cancer, admission through the emergency 
room, lymph node dissection, emergency surgery, TNM stag-
ing, body mass index, ASA score, perforation of the colon, and 
obstruction of the colon (Table 1). The odds ratios of the prog-

nostic factors by model are shown in Table 2. The odds ratios 
of other cardiac arrhythmia, secondary cancer, admission 
through the emergency room, perforation, and ASA score had 
p-values less than 0.05. 

Figure 1 presents the c-statistics for each risk-adjustment 
model, showing that the physiological model (c=0.915), surgi-
cal model (c=0.922), and composite model (c=0.928) had im-
pressive results. These three models displayed similar levels of 
improvement in discrimination, whereas the TNM model 
(c=0.87) was only slightly better than the basic model (c=
0.86). The discriminatory power did not differ among the de-
veloped models (p>0.05) based on the paired comparison of 
c-statistics of the models using the Hanley-McNeil test. 

The data on mortality generated by the basic, TNM, physio-
logical, and surgical models showed greater clustering among 
moderate-risk patients and greater variability among the low-
er- and higher-risk patients compared with the composite 
model (Figure 2). The surgical model and physiological model 
were more similar to the composite model in terms of the ex-
pected mortality than were the basic and TNM models. This 
was reflected in the degree of difference between the fitted 
and reference lines, which means the calibration abilities com-
pared to the composite model (slope=1).

Table 3 shows the O/E ratios of the five models by quartiles 
based on the expected mortality. In the lower-risk quartiles 
(quartiles A & B), all models overestimated the mortality risk 
(O/E ratio <1), whereas most models underestimated mortali-
ty in the higher-risk quartiles (quartiles C & D) (O/E ratio >1). 
Overall, the composite and surgical models displayed O/E ra-
tios closer to 1 than did the other models. In quartile A, the 
composite model displayed an O/E ratio closest to 1, and the 

Figure 1. Discriminatory power (c-statistics) of five models.
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surgical model showed the next closest estimate. In quartile B, 
the TNM model displayed an O/E ratio closest to 1, with the 
basic model providing the next closest estimate. In quartile C, 
the surgical model displayed an O/E ratio closest to 1, and the 
composite model had the next closest value. In quartile D, the 
composite model displayed an O/E ratio closest to 1, with the 
surgical model displaying the next closest value. The subgroup 
analyses revealed that the expected mortality by age, TNM 
staging, ASA score, and obstruction of the colon was well 
within the 95% confidence limits of the observed outcome 
and did not differ among the subgroups.

DISCUSSION

The level of model discrimination in this study (c=0.863-

0.928) was relatively higher than the models examined in pre-
vious risk-adjustment studies of colorectal cancer mortality 
(c=0.707-0.848) [20,21,28]. This was evident in the claims-data 
models as well as in the model using a combination of claims 
data and clinical data. The level of model discrimination in this 
study may be effective because more relevant postoperative 
complication factors (physiologic factors and surgical factors) 
were selected. We used a minimum of 13 prognostic factors 
and a maximum of 19 to construct the risk-adjusted models. 
In previous studies, 4 to 13 factors have been used. We specu-
lated that the relevance of the prognostic factors for mortality, 
rather than the number of prognostic factors, affected the dis-
criminatory power of the models. According to studies by 
Steyerberg et al. [35], c-statistic levels are not necessarily pro-
portional to the number of prognostic factors. Even with a 

Variables Survival n (%) Death n (%) p-value1

Sex Male (n=408) 393 (96.3) 15 (3.7) 0.792

Female (n=244) 236 (96.7) 8 (3.3)

Age (y) <50 (n=80) 79 (98.8) 1 (1.2) 0.01

50-59 (n=121) 119 (98.4) 2 (1.6)

60-69 (n=208) 203 (97.6) 5 (2.4)

≥70 (n=243) 228 (93.8) 15 (6.1)

Health insur-
ance

Medicaid (n=41) 40 (97.6) 1 (2.4) 1.00

National health in-
surance (n=611)

589 (96.4) 22 (3.6)

Arrhythmia No (n=568) 546 (96.1) 22 (3.9 ) 0.34

Yes (n=84) 83 (98.8) 1 (1.2)

Other cardiac 
arrhythmia

No (n=638) 618 (96.9) 20 (3.1) 0.01

Yes (n=14) 11 (78.6) 3 (21.4)

Hypertension No (n=351) 342 (97.4) 9 (2.6) 0.202

Yes (n=301) 287 (95.4) 14 (4.7)

Diabetes No (n=437) 422 (96.6) 15 (3.4) 0.832

Yes (n=215) 207 (96.3) 8 (3.7)

Secondary 
cancer

No (n=606) 588 (97.0) 18 (3.0) 0.02

Yes (n=46) 41 (89.1) 5 (10.9)

Liver disease No (n=457) 444 (97.2) 13 (2.8) 0.172

Yes (n=195) 185 (94.9) 10 (5.1)

Admission 
through 
emergency 
room

No (n=543) 529 (97.4) 14 (2.6) 0.01

Yes (n=109) 100 (91.7) 9 (8.3)

Associated 
surgery

No (n=574) 554 (96.5) 20 (3.5) 0.75

Yes (n=78) 75 (96.2) 3 (3.9)

Variables Survival n (%) Death n (%) p-value1

LN dissection No (n=34) 30 (88.2) 4 (11.8) 0.03

Yes (n=618) 599 (96.9) 19 (3.1)

Past surgery 
history

No (n=616) 595 (96.6) 21 (3.4) 0.37

Yes (n=36) 34 (94.4) 2 (5.6)

Emergency 
surgery

No (n=596) 584 (98.0) 12 (2.0) <0.01

Yes (n=56) 45 (80.4) 11 (19.6)

TNM staging I (n=114) 110 (96.5) 4 (3.5) <0.012

II (n=174) 172 (98.9) 2 (1.2)

III (n=207) 201 (97.1) 6 (2.9)

IV (n=74) 72 (97.3) 2 (2.7)

Unknown (n=83) 74 (89.2) 9 (10.8)

Body mass 
index  
(kg/m2)

<18 (n=48) 48 (90.6) 5 (9.4) 0.102

18-25 (n=430) 414 (96.3) 16 (3.7)

25-30 (n=153) 151 (98.7) 2 (1.3)

≥30 (n=16) 16 (100.0) 0 (0.0)

Unknown (n=5) 4 (80.0) 1 (20.0)

Albumin  
(mg/dL)

<3 (n=78) 74 (94.9) 4 (5.1) 0.71

≥3 (n=573) 554 (96.7) 19 (3.3)

Unknown (n=1) 1 (100.0) 0 (0.0)

ASA score <3 (n=577) 566 (98.1) 11 (1.9) <0.01

≥3 (n=75) 63 (84.0) 12 (16.0)

Perforation of 
colon

No (n=618) 601 (97.3) 17 (2.8) <0.01

Yes (n=34) 28 (82.4) 6 (17.7)

Obstruction 
of colon

No (n=518) 507 (97.9) 11 (2.1) <0.01

Yes (n=134) 122 (91.0) 12 (9.0)

Table 1. Distribution of surgical mortality by basic characteristics

Values are presented as n (%).
LN, lymph node; ASA, American Society of Anesthesiologists.
1Fisher’s exact test.
2Chi-squared test
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large number of prognostic factors, the possibility of a low dis-
criminatory power exists. In small data sets, the likelihood of 
this possibility increases.

Although the addition of the TNM staging data alone to the 
claims data resulted in only marginal improvement in discrimi-

natory power, the addition of further clinical data led to re-
markable improvements. The extent of cancer spread reflected 
in TNM staging may predict long-term outcomes (5-year or 10-
year survival) more strongly than short-term outcomes (30-day 
or in-hospital operative mortality) [36,37]. However, physio-
logical parameters, emergency surgery, and obstruction and 
perforation of the colon were important predictors of the 
short-term outcome [12,37,38]. In previous studies, the ASA 
score was used as a proxy for physiological condition [20,38].

Beyond the quality of surgery (i.e., completeness of resec-
tion, adequacy of nodal examination, utilization of adjuvant 
treatments, aggressiveness of postresection cancer follow up), 
multiple factors including anesthesia care, preoperative evalu-
ation, nurse staffing and training, intensive care unit manage-
ment and staffing, 24-hour in-house resident or physician cov-
erage, and emergency response can affect the short-term out-
come of cancer surgery [36]. Further studies are required to 
evaluate the performance of risk-adjusted long-term mortality 
models. Although the c-statistics for these models were not 
statistically different, subtle differences were evident, suggest-
ing that a larger sample size may lead to more apparent differ-
ences.

The enhancement of the discriminatory power declined 
with the addition of clinical data to the claims data. The satu-
ration of discriminatory power reflected in our results was 
similar to the findings of previous studies [4,9]. Pine and col-
leagues showed that the performance of the claims data 
model was enhanced by the addition of presentation on ad-
mission (POA) codes and limited laboratory data [4]. However, 
the addition of POA codes resulted in the greatest improve-
ment in discrimination, and this enhancement declined with 
the addition of other factors. Fry and colleagues additionally 
showed that saturation in discrimination was provided by POA 
codes with the addition of numerical laboratory data [9]. Ac-
cording to Hall et al. [3], the cost per patient to obtain key clin-
ical findings from the medical charts was 50 dollars in 2007; 
this cost must be balanced against the minimal enhancement 
of model performance derived from the collection of these 
data. 

To select a model for the evaluation of quality of care, it is 
necessary to examine the levels of both discrimination and 
calibration. It is important to select precise risk-adjustment 
models when measuring quality, but testing discrimination 
alone is insufficient. It is difficult to differentiate the discrimi-
natory power of models despite thorough pair-wise testing, 

Table 2. Odds ratios of prognostic factors by model 

Variables Model 
1

Model 
2

Model 
3

Model 
4

Model 
5

Age (y) <50 1.000 1.000 1.000 1.000 1.000

50-59 1.785 1.743 1.643 1.774 1.534
60-69 2.979 1.593 1.802 2.79 2.373

≥70 8.236 7.184 7.595 7.705 5.267
Sex Male 1.000 1.000 1.000 1.000 1.000

Female 0.813 0.700 0.589 0.829 0.719
Health insurance Medicaid 1.000 1.000 1.000 1.000 1.000

National 
health 
insur-
ance

5.204 6.736 3.174 4.488 4.238

Diabetes 0.762 0.677 0.617 0.602 0.516
Hypertension 0.942 0.865 1.273 0.998 1.470
Liver disease 2.912* 3.342* 5.019* 4.297* 1.550
Other cardiac  

arrhythmia
12.76* 29.099* 37.411* 13.481 5.197*

Secondary cancer 4.857* 5.761* 3.371 4.480* 2.912
Admission through 

emergency room
3.817* 3.554* - - -

LN dissection 0.224 0.315 0.294 1.646 0.241
Associated surgery 1.425 1.403 1.125 0.165 0.883
Emergency surgery 3.475 2.503
Past surgery history 0.271 0.293
TNM staging I 1.000 1.000 1.000

II 0.181 0.136 0.284
III 0.670 0.726 0.551
IV 0.593 0.298 0.270
Unknown 2.896 3.334 2.125

Perforation of colon 5.932* 5.301*
Obstruction of colon 3.564 1.672
Body mass index 

(kg/m2)
18.5-25 1.000 1.000

<18.5 1.693 1.651

≥25 0.194 0.242
Unknown 2.477 4.277

ASA score <3 1.000 1.000

≥3 11.23* 7.436*
Serum albumin 

(mg/dL)
<3 1.000 1.000

≥3 1.068 1.479

Unknown             <0.001  <0.001

LN, lymph node; ASA, American Society of Anesthesiologists.
*p<0.05.
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and it would therefore be useful to select a suitable model by 
testing the calibration through the log-log scatter or O/E ratio. 
Our results demonstrated little statistical difference in the dis-
criminatory power of the models examined here. The absolute 
levels differed only slightly among the physiological, surgical, 

and composite models, but were clearly differentiated by the 
calibration of the models. Our models appeared to overesti-
mate mortality in the low-risk patients and to underestimate 
mortality among high-risk patients. This was similar to the re-
sults of Hall et al. [3], and careful research efforts are needed 

Table 3. Observed to expected ratio of mortality by the mortality quartile

Mortality 
quartiles  
(total=652)

Observed 
mortality 

(n=23)

Basic model TNM model Physiological model Surgical model Composite model

O/E 
ratio LCL UCL O/E 

ratio LCL UCL O/E 
ratio LCL UCL O/E 

ratio LCL UCL O/E 
ratio LCL UCL

A (n=583) 6 0.51 0.19 1.12 0.56 0.20 1.12 0.70 0.26 1.52 0.87 0.32 1.89 0.88 0.32 1.91 

B (n=51) 6 0.95 0.35 2.06 0.97 0.35 2.06 0.78 0.28 1.70 0.80 0.29 1.74 0.80 0.29 1.74 

C (n=10) 6 2.73 1.00 5.95 2.14 0.78 5.95 2.37 0.87 5.17 1.51 0.55 3.29 1.63 0.59 3.54 

D (n=8) 5 1.79 0.58 4.17 1.51 0.49 4.17 1.19 0.38 2.78 1.09 0.35 2.54 1.00 0.32 2.34 

O/E, observed/expected; LCL, lower 95% confidence limit; UCL, upper 95 % confidence limit.
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Figure 2. Log-log scatter plots of the five models.
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to identify the reasons for these biases.
There were several limitations of this study. First, the confi-

dence intervals were greater than 10, which had p-values of 
the odd ratios of prognostic factors of less than 0.05. This may 
have been dependent on the limited sample size of deaths (23 
of 652). Second, we used non-sequential data from five volun-
teer institutions. This can limit generalization to other popula-
tions. Third, we constructed parsimonious risk-adjustment 
models for colorectal cancer only. The prognostic factors were 
specific only to colorectal cancer surgery, which makes them 
inappropriate for application to other forms of cancer surgery. 
Third, we only considered secondary diagnoses that occurred 
during the 12 months prior to initial admission. We have not 
yet evaluated our approach to the definition of secondary di-
agnoses relative to previous POA coding algorithms such as 
those applied in New York and California. Fourth, a more ex-
tensive systematic training program on clinical data extraction 
is needed to perform precise extraction of variables from clini-
cal records in South Korea.

In summary, our data suggest that the addition of clinical 
data to claims data could efficiently enhance the performance 
of risk-adjusted postoperative mortality models of colorectal 
cancer surgery. The addition of TNM data could contribute to 
improved performance in combination with other surgical 
data including the ASA score and emergency surgery. We ad-
ditionally recommend that the performance of risk-adjust-
ment models should be evaluated based on both discrimina-
tion and calibration. Testing only discrimination may result in 
an insufficient comparison of the performance of risk-adjust-
ment models. 
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