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ABSTRACT

Background: Hospital comparisons based on outcome need to be
adjusted for casemix. As there is a trend towards centralisation in
oncology, patient population in specialized hospitals might differ
from other hospitals to such an extent that the impact of casemix
variables may be different for referral hospitals thereby affecting fair
hospital comparisons. In addition, referral hospitals treat patients with
paradoxical risk profiles e.g. young patients with advanced disease
not adequately captured if no interactions are added. Therefore, our
aim was to analyse whether the effect of variables used in the Dutch
ColoRectal Audit (DCRA) casemix model are different between the
referral and non-referral hospital population. Furthermore we added
clinically relevant interactions to the standard model and evaluated
their effect and added value on model performance.

Methods: Patients who underwent a surgical resection for colon cancer
between 2009 and 2015 (n=39,604) were selected from the DCRA. 10
hospitals function as tertiary referral hospitals in the Netherlands and
were selected as ‘referral hospitals’. We analysed differences in effect of
variables between referral versus non-referral hospitals in the currently
used multivariate regression model for postoperative complicated
course and tested the added value of added interactions between age
and Charlson comorbidity index, pT4 tumor and metastatic disease
(M1). Model performance was assessed by a C-statistic based on an

ROC curve.

Results: Mean age of patients treated in referral hospitals is 3 years
lower (p<0.001) than in non-referral hospitals. Patients treated

in referral hospitals more often have pT4 disease or a Charlson
comorbidity index of 2+ (p<0.001). The variables age, ASA score, tumor
location, M1 disease, preoperative tumor complications, additional
resection due to local tumor invasion or metastasis and pT classification
have a significantly different effect (all p<0.001) on postoperative
complicated course in referral hospitals. Added interactions had no
significant effect on outcomes for the referral population. A separate
model for referral hospitals showed the best model fit.
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Conclusion: This study shows that referral hospitals treat a different
patient population and that the effect of variables on postoperative
complicated course is different in the casemix model. A specifically
fitted casemix model to the referral population shows best model
performance for referral hospitals.
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INTRODUCTION

Patient populations treated for a specific condition significantly differ
across hospitals.! Because patient and disease characteristics affect
outcome, casemix is a confounder in between-hospital comparisons
based on outcome. Therefore, casemix adjustment needs to be
applied when comparing outcomes across hospitals with the aim to
judge quality of hospital care. The most efficient way to execute risk
adjustment is with a logistic regression model - in case of a binary
outcome - that contains the most important predictors of the outcome
parameter.

In oncology, there is a trend towards centralisation of treatment of
specific patient subgroups particularly in case of rare disease or high
complexity of treatment.”? Although colorectal cancer is one of the
cancers with the highest incidence worldwide, specific patient groups
with advanced stage of disease may benefit from treatment and thus
cluster in expert centres. The patient population in such specialized
hospitals might differ from the other hospitals to such an extent that the
impact of different casemix variables (and thus also risk adjustment)
may be different for referral hospitals.’?

The models for casemix adjustment in the DCRA are implicitly weighted
more due to the majority of high volume non-specialised care hospitals,
with a smaller contribution of the few referral hospitals. Furthermore,
the models only contain main effects for casemix adjustment, and no
interaction terms. In this way, the assumption is made that there are no
interactions between the variables (e.g. comorbidities have the same
effect on outcome across all ages), and it is uncertain whether these
assumptions are actually met, especially in the case of paradoxical

risk profiles - i.e. young patients with advanced disease - in some
(referral) hospitals. Therefore, our aim was to analyse whether the
effect of variables used in the DCRA casemix model is different within
the referral versus non-referral hospital population and to evaluate the
added value of a priori defined and clinically relevant interactions to the
standard model.
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METHODS

Patients

Data were derived from the DCRA, a disease specific national audit.?
This audit collects information on patient, tumor and treatment
characteristics of all patients undergoing a resection for primary
colorectal cancer in the Netherlands and their postoperative outcomes.
All Dutch hospitals participate, with approximately 97 percent
completeness in 2012 based on comparison with the Netherlands
Cancer Registry (NCR). Details of the DCRA regarding data collection
and methodology have been published previously.» ** All patients

with colon cancer registered from 1% of January 2009 until the 1% of
September 2015 were included in this study. For the clarity of this study
we excluded patients with rectal cancer, due to the different variables
that influence postoperative outcomes in these two populations.?

Hospitals

In the Dutch healthcare system, there are 8 university hospitals and

2 non-university hospitals that function as tertiary referral hospitals

for high-complex colorectal cancer care and therefore treat a selected
patient group, of the total of 92 hospitals. These hospitals will be named
‘referral hospitals’ throughout the continuation of this manuscript. The
population of all referral hospitals combined is referred to as “referral
population”, the population of all non-referral hospitals combined is
referred to as “non-referral population”.

Outcome Measures

We used the short-term postoperative outcome of complicated
postoperative course for our analyses. Complicated postoperative
course was defined as any complication leading to a reintervention
(radiological/surgical), prolonged hospital stay (>14 days) or death,
within 30 days from surgery.**°

Casemix correction model and interactions

Standard casemix correction model

We used the standard casemix correction model for colon cancer
as currently used in the DCRA as reference model.” In short, this
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multivariate regression model for outcomes after a resection for

colon cancer includes several patient and tumor characteristics: age,
gender, American Society of Anaesthesiologists (ASA) score, Charlson
comorbidity index, Body Mass Index (BMI), tumor location, metastatic
disease (M1), preoperative tumor complications, emergency surgery,
additional resection due to local tumor invasion or metastasis and TNM
classification (pT and c/pM classification). The 5% edition of the TNM
classification is reported in the DCRA.

Interactions

Clinically relevant interactions were derived from expert opinion.
Interactions between the variables age and Charlson comorbidity index,
age and pT4 tumor, and age and metastatic disease were considered as
potentially different in the referral versus non-referral population and
therefore used in our analysis.

Statistical analysis

We first calculated differences between the referral and non-referral
population for all variables included in the DCRA casemix model.
Differences in casemix between patients treated in referral versus non-
referral hospitals were tested using chi-square tests for categorical
variables and t-tests for continuous variables. Hospital outcomes
adjusted for casemix on postoperative complicated course per hospital
in 2013-2014 were presented in a funnel plot using the standard
casemix model, showing the overall average outcome with its 95%
confidence limits, based on a Poisson distribution, varying in relation to
the population size and indicating referral versus non-referral hospitals.

Then we estimated a casemix model separately for referral hospitals and
non-referral hospitals, by including the same casemix variables as above
in the model but only selecting the referral or non-referral population.
In this way we show whether casemix variables have different effects

on the outcome of postoperative complicated course in referral versus
non-referral hospitals. In order to test whether casemix variables have

a significantly different effect in the referral population compared to

the non-referral population we added an interaction of each variable
with the variable “referral hospital (yes/no) to the standard model. A
significant interaction in this analysis indicates a significantly different
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effect of the variable on the outcome of postoperative complicated
course in the referral versus non-referral hospitals. To test the added
value of interactions we extended the standard casemix model (for
the total, non-referral and referral population) for the outcome of
postoperative complicated course with clinically relevant interactions.

Model performance was assessed using a C-statistic based on a
Receiving Operator Characteristic Curve (ROC curve), both for the
standard model and for the models fitted for referral and non-

referral hospitals separately and with or without clinically relevant
interactions for the outcome of postoperative complicated course. We
also analysed the model performance of the standard casemix model
applied to referral hospitals; by saving the predicted values of the
standard casemix model for the referral population and then calculate a
c-statistic as above.

Statistical analyses were carried out with the statistical software
packages SPSS version 18.0 (SPSS, Chicago, IL, USA). A p-value of 0.05
was considered significant in all analyses.

RESULTS

Patients and hospitals

Table 1 shows the percentages of patient and tumor characteristics
for referral and non-referral hospitals. Referral hospitals more often
treat younger patients and more often patients with comorbidity and
advanced disease (i.e. pT4 tumor and metastasis). However, there is
variance in patient characteristics among the referral hospitals, e.g.
mean age for colon cancer varies from 62.8 to 71.2 years per hospital
and the percentage of patients with a pT4 colon tumor from 13.0 to
26.0% (data not shown).

Figure 1 shows a funnel plot with the adjusted percentage of
postoperative complicated course for colon cancer per hospital in 2013-
2014, using the standard casemix model. None of the referral hospitals
had significantly worse results compared to the other Dutch hospitals.
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Casemix correction model and interactions

Table 2a shows the effect of the different casemix variables on
postoperative complicated course after colon cancer resections fitted
to respectively the total (general), non-referral and referral population.
Overall, the estimated effects in the general model show most
resemblance to the non-referral population (descriptive). The variables
age, ASA score, tumor location, metastatic disease, preoperative tumor
complications, additional resection due to local tumor invasion or
metastasis and pT classification have a significantly different effect (all
p<0.001) on the outcome postoperative complicated course in referral
hospitals compared to non-referral hospitals.

In table 2b the clinically relevant interactions are added to the

casemix correction models for postoperative complicated course. The
interaction effect of age with Charlson score and age with T4 tumor

are significant in the total and non-referral population. None of these
interactions were significant in the referral population. In the non-
referral population, the age-T4 interaction and age-Charlson interaction
were significantly associated with postoperative complication outcome.
By adding the interactions, T4 was no longer independently associated
with postoperative complications, whereas the independent effect of
age remained. So T4 is only a significant predictor of the outcome in
combination with age. The same was true for the interaction of age with
Charlson comorbidity index.

Table 3 shows the C-statistic for each casemix correction model. The
addition of interaction terms did not improve model performance.
However, a separate model for referral hospitals showed better model
fit for referral hospitals than the standard casemix correction model
applied to referral hospitals (with saved predicted values) (C-statistic
of 0.707 rather than 0.688 for postoperative complicated course). A
separate model for non-referral hospitals did not improve model fit
for non-referral hospitals compared with the standard model applied
to non-referral hospitals (C-statistic of 0.674 for postoperative

complicated course in both models).
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DISCUSSION

The present study has shown that multiple casemix variables have

a different effect on postoperative complicated course in referral
hospitals than in non-referral hospitals. The currently used casemix
model (general model) that is fitted in the total population performes
equally well in the non-referral population as a casemix model
specifically fitted in non-referral hospitals only. In contrast, the general
model performes worse in the referral population when compared to

a model specifically fitted in referral hospitals only. As hypothesized,
casemix correction models based on the total population showed most
resemblance to the non-referral population. However, the interactions
that were added to the model were only significantly associated with the
postoperative complication outcome in the non-referral population but
not in the referral population. None of the added interactions resulted
in better model performance.

The DRCA provides risk-adjusted benchmarks as feedback to evaluate
hospital quality of care by comparing hospitals with their peers. [t gives
surgeons information about their performance and aims to thereby
stimulate processes that need to be developed or improved.® In order
to have the intended effect, healthcare providers need to trust their
feedback and casemix correction should therefore be as adequate

as possible. As this paper shows, referral hospitals seem to treat a
different patient population. If casemix variables (e.g. age) would

have the same effect on the outcome in both referral and non-referral
hospitals, but only the distribution would differ (e.g. have more young
patients), then performing casemix adjustment in one model will be
adequate. However, if the effect of casemix variables differs as shown
in this study, then casemix adjustment is likely to be inadequate and
particularly in referral hospitals as the effect in the total model closely
resembled that in the non-referral population. In addition, important
information determining the caseload of this patient population may
be lacking, i.e. detailed information about previous surgery, index
surgery, intra-abdominal adhesions, multimodality treatments, and
medication use (e.g. steroids) and thus cannot be taken into account
in hospital comparisons. The addition of such variables would lead

to fairer comparison but would increase the registration burden and
these variables are often difficult to register unambiguously. A separate
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model for referral centres might solve the before mentioned problem
by creating a comparison with similar hospitals (‘hospitals like mine’)
but might induce new questions. That is whether we are sure that any
difference in average performance between these 2 groups of hospitals
is based on the complexity of patients and not on a difference in quality
of care and whether a hospital treats sufficient referral patients to be
classified as a referral hospital.

In 2015 Walker at al. published a paper on casemix correction models

in the field of hospital comparisons.? On the basis of previous literature
they concluded that most publications described suboptimal methods
for casemix model development, i.e by the usage of significance testing
for the selection of risk factors, a small sample size, categorizing
continuous risk factors and ignoring potential interactions between risk
factors. They then developted a casemix correction model with casemix
variables that were selected on clinical grounds and complemented

the model with interaction terms. The only stable interaction - with a
bootstrap method - was the interaction between age and metastases
and was added to the casemix correction model. In our study we added
interactions based on clinical relevance in accordance with the selection
of the risk factors in the casemix correction model, but only age-T4 and
age-comorbidity were found to be significantly associated and only in
non-referral hospitals. Given that model fit also did not improve, it is
not clear whether adding these interactions will be of added value for
our hospital comparisons.

Our study has some limitations. The division into referral and non-
referral hospitals was based on expert consensus. Over time, hospitals
may be in one or the other group e.g. if hospitals merge with other
hospitals. Furthermore it remains unclear whether referral hospitals
have been insufficiently adjusted with the current casemix model,

as the effect of some variables was higher in the referral population
than in the general model but also lower for other variables so that
the net effect remains unclear. Within the general model, none of the
referral hospitals performed significantly worse compared to other
hospitals on postoperative complicated course in the years 2013-2014.
Nevertheless this study clarifies that some variables have a different
effect on postoperative outcome in the referral population, and model
performance does improve when the casemixmodel is specifically fitted
to the referral population.
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In conclusion, this study showed that referral hospitals treat a different
population in which the effect of casemix variables on postoperative
complicated course is different after a resection for colon cancer. Adding
clinically relevant interactions did not improve model performance in
referral hospitals as these were not signficantly associated with the
outcome. A casemix model which was specifically fitted to the referral
population showed the best model performance for

referral hospitals.
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TABLES AND FIGURES

CHAPTER 2

Table 1. Patient and tumor characteristics of colon cancer patients in
referral hospitals and non-referral hospitals.

Non-referral Referral

N % N % P-value
Total 36284 3320
Age <= 60 5780 15.9 768 231 <0.001
Age (mean) 71 68 <0.001
Charlson 2+ 9252 25.5 1069 32.2 <0.001
pT4 5920 16.4 683 20.8 <0.001
M1 4277 11.8 711 21.4 <0.001
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Table 3: Model performance of casemix correction models for postoperative
complicated course calculated for the total, non-referral and referral
population estimated by separate models per population with or without
added interactions and estimated per population with saved predicted
values.

Colon Postoperative complicated course

C-statistic

No interactions Total 0.675
Non- referral 0.674
Referral 0.707
With interactions Total 0.675
Non- referral 0.674
Referral 0.707
Fixed model in Total 0.675
Non-referral 0.674

Referral 0.688




CHAPTER 2
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Figure 1: Funnel plot showing differences in risk-adjusted percentages of
postoperative complicated course after resection for colon cancer between
hospitals (2013-2014). Light dots are referral hospitals. 95%CI= 95 percent
confidence interval.
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