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Purpose: The purpose of this study was to elucidate between-hospital variation in the prevalence at the time of diagnosis of patient-
related risk factors for adverse outcomes of colorectal cancer (CRC) treatment.

Patients and Methods: A register-based national cohort of 44,471 patients diagnosed with CRC and registered in the Danish
Colorectal Cancer Group database in 2009-2018 was included in the study. Patient-related risk factors present at diagnosis were
collected from national Danish registers within the areas of demography, lifestyle factors, comorbidity, participation in screening,
disease-related factors and socioeconomic factors. Prediction models of short-term postoperative outcomes and mortality were
modelled to examine the potential aggregated impact of patient-related risk factors on outcomes, and variations between hospitals
were examined.

Results: The most conspicuous variations found were for old age (75+ years), ranging from 31% (95% confidence interval (95% CI):
29-33%) to 46% (95% CI: 43—48%), Union for International Cancer Control Stage I ranging from 12% (95% CI: 10-14%) to 21%
(95% CI: 19-22%), Stage IV ranging from 23% (95% CI: 21-25%) to 35% (95% CI: 34-37%) and American Society of
Anesthesiologists score >III ranging from 18% (95% CI: 16-19%) to 40% (95% CI: 37-43%). Clinically significant variations
were found in predicted probability of 30-day surgical complications which varied from 17% (95% CI: 16-17%) to 23% (95% CI: 22—
23%) and 90-day postoperative mortality which varied between 3.2% (95% CI: 3-3.4%) and 5.5% (95% CI: 4.9-6%).
Conclusion: Marked variation in the prevalence of patient-related risk factors for adverse outcomes of colorectal cancer treatment
exists between hospitals in Denmark. It seems reasonable to take these differences into account when comparing outcomes between
hospitals.
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Introduction

Colorectal cancer (CRC) is among the most common malignant diseases, with more than 4000 patients diagnosed
each year in Denmark.' In recent years treatment and outcomes have improved vastly, but CRC treatment still entails
substantial morbidity and mortality.> In Denmark as well as in other countries, national cancer databases exist and annual
reports are published to inform the professional community and the public about treatment statistics and outcomes.>® In
some countries, these reports include outcome data on a hospital level, which allows for comparisons between individual
hospitals as well as with present standards for selected indicator variables. Any deviations may be perceived by the
public and decision-makers as credible expressions of the clinical quality delivered by the individual hospitals. However,
this assumption may not be valid without adjustment for variation between hospitals in commonly known patient-related
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risk factors like demographics (eg age and sex), lifestyle (eg alcohol consumption and smoking), performance status,
disease-related factors (eg stage of disease), comorbidity, and socioeconomic factors (eg educational level).” " If these
patient-related risk factors are not equally distributed among hospitals, any comparison of the hospitals’ outcome data
may potentially be biased. Previous studies on between-hospital variations in high-income countries with free access to
health care have mainly compared hospitals by patient volume. Conflicting results were found, however, between patient

12714 and all these studies lacked the ability to detect variation between

volumes and both short- and long-term mortality,
hospitals with comparable patient volumes.

This study aimed to elucidate between-hospital variation in the prevalence of patient-related risk factors at the time of
diagnosis and their association with adverse outcomes of colorectal cancer treatment by studying a nationwide cohort of

colorectal cancer patients.

Materials and Methods

This study is a register-based cohort study using prospectively collected data in national Danish registers. The study
population are all patients >18 years old diagnosed with a first-time CRC and registered in the national bowel cancer
database between 1 January 2009 and 31 December 2018. This period was chosen in order to examine long-term
outcomes of the population in further studies. Furthermore, the national treatment guidelines were rather consistent in
this period,' and the national bowel cancer screening programme was implemented halfway through it (in 2014).
Patients were excluded if their date of surgery for CRC was more than one month before, or more than one year after,

diagnosis, or if they had died or emigrated before diagnosis as shown in Figure 1.

Diagnosed with CRC and registered in DCCG
database from 2009-2018
n=45012

Died before diagnosis (n = 33)
Emigrated or changed CPR before diagnosis (n < 10)
Exclusion criteria applied —————»| Diagnosis more than one year before surgery (n = 120)
Diagnosis more than one month after surgery (n < 5)
Unknown surgical treatment (n = 238)

Low volume hospital 4>| One hospital (n = 139)

Data collection from
national registers

Comorbidity (National Danish Health Authority)

- National Patient Register (LPR_ADM: D_INDDTO, LPR_DIAG:C_DIAG)

- National Psychiatric Patient Register (PSYK_ADM: D_INDDTO, PSYK_DIAG:C_DIAG)
- National Prescription register (ATC, EKSD)

Socioeconomy (Statistics Denmark)

- Educational level (UDDA: HFAUDD, HF_VFRA)

- Household Income (FAIK: FAMAEKVIVADISP_13, FAMILIE_ID)
- Cohabitation (BEF: FAMILIE_TYPE, CIV_VFRA)

Participation in screening (Danish Clinical Quality Program)
- National Danish Colorectal Cancer Screening Database (S135_DTS_INVITEREDE: Labsvar_proevdt1,
Invi_sendtdt1)

A 4

Included in analyses
n =44 471

Figure | Definition of cohort for analyses and coupling of data.
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Data Sources and Linkage

The study population and its lifestyle- and disease-related data were retrieved from the national bowel cancer database,
which is managed by the Danish Colorectal Cancer Group (DCCG) and hosted by the Danish Clinical Quality Program.
It holds lifestyle-, disease-, and treatment-related data on virtually all (>96%) incident CRC patients diagnosed in
Denmark.'® Surgeons enter data prospectively in the database, which is validated against the National Patient Register
and the National Pathology Database.'® Data on participation in CRC screening were extracted from the National Danish
Colorectal Cancer Screening Database (DCCSD).!” Data on comorbidity and socioeconomics were retrieved from the
Danish Health Data Authority and Statistics Denmark.'® The common key to all these data is the unique personal
registration number (CPR-number), assigned to all persons with permanent residency in Denmark.'® The data linkage is
shown in brief in Figure 1.

Demographic Variables

The age and gender of the population were derived from the personal registration number. Age was reported on
a categorical scale (<49, 50-64, 65-74, 75-84 and >85 years). Performance status at diagnosis was found in the
DCCG database, including both American Society of Anesthesiologists (ASA) score I-V,'” and the World Health
Organization (WHO) performance status (PS) 0-4.2° The PS, however, was only available from 2014 onwards.

Lifestyle

Lifestyle data at the time of diagnosis were collected from the DCCG database and included alcohol consumption (<14
and >14 units of 12 g pure ethanol per week), smoking status (never, ex-smoker and current smoker) and body mass
index (BMI). Patients were classified as underweight (<18.5 kg/m2), normal weight (18.6-24.8 kg/m2), overweight
(24.9-29.9 kg/m2), and obese (>30 kg/m2) according to the WHO BMI classification.*!

Comorbidity

The comorbidity score used in this study was derived from the Charlson comorbidity score,?? but with changed weights
as proposed by Quan et al** and categorized as 0, 1, 2, 3+. After exclusion of International Classification of Disease 10th
version (ICD10) codes for CRC, binary variables for the presence of comorbidity were created from ICD10 codes for
diagnosis, and from anatomical therapeutic chemical classification system (ATC) codes for drugs within the following
somatic domains: cardiovascular disease, chronic pulmonary disease, diabetes, dementia, liver disease, kidney disease,
chronic nerve disease, other cancer or tumors, and connective tissue disease. In addition, the following psychiatric
domains: affective disorders, schizophrenic spectral disease, disorder of adult personality and behavior and disorders due
to psychoactive substance abuse were included, as inspired by recent studies.”***> ICD10 and ATC codes up to 10 years
prior to diagnosis were included. A thorough overview of these domains, corresponding ICD-10/ATC codes and
references, are provided in Supplementary Table 1.

Screening

Information on participation (at least once) in the CRC screening program prior to diagnosis was collected from DCCSD
and categorized as yes, no (but invited to participate) and outside target group. The latter includes patients not registered
in DCCSD. Main reasons for this would be patients younger than 50 years or older than 74 years, patients diagnosed
before the screening program was introduced in 2014, or patient diagnosed less than 4% months after invitation to first
round of screening.

Cancer Related Factors

Locations of the primary tumor were aggregated to colon or rectum. The Union for International Cancer Control (UICC)
Stage (I-IV) was available in the DCCG database (based on 8th edition of the American Joint Committee on Cancer
TNM classification).*®
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Socioeconomic Factors

Socioeconomic variables included were educational level, annual family income and cohabitation status prior to
diagnosis. The educational level was categorized according to International Standard of Classification (ISCED),*’ and
further aggregated to “short” (up to lower secondary level of education, ISCED 0-2), “medium” (from upper secondary
to short cycle tertiary ISCED 3-5) and “long” (from bachelor to doctoral or equivalent, ISCED 6-8). The annual equated
disposable income in Danish kroner (DKK) of the household before diagnosis was reported as median and quartiles. The
equated income takes inflation into account, is adjusted to 2013 levels and scaled with size of family. It is merely
a standardized measure of affluence and should not be compared with non-equated income.”® Cohabitation was
categorized as living alone, cohabiting (living together or married) or unknown.

Postoperative Outcome Variables

Postoperative medical and surgical complications within 30 days, and death within 90 days, after surgery were derived
from the DCCG database. Patients who had not undergone surgery, had a local resection (eg polypectomy) or had
undergone an emergency surgery as definitive procedure were excluded from these analyses. Medical and surgical
complications included all grades as classified by Dindo et al.*’

Ethics and Permissions

Extraction of the study population from the DCCG database was approved by DCCG and Danish Clinical Quality
Program (DCCG-2018-03-08a), and data management by the Danish Data Protection Agency through the local
authorities (jr. nr. 18/15252). All data linkage was performed in accordance with the Danish Act on Processing of
Personal Data with subsequent amendments and European regulations. This project was approved by The National
Danish Health Authority and Statistics Denmark. No other approvals were required, in this register study under Danish

law.>?

Statistical Methods

Characteristics of the study population were presented by descriptive statistics. Between-hospital variation in distribution
of risk factors was analysed by descriptive statistics and a table of frequencies and proportions is provided in
Supplementary Table 2. Logit-transformed 95% confidence intervals (95% CI) were estimated when comparing propor-

tions between hospitals.

In order to examine risk factors associated with surgical outcome measures, we performed multivariable logistic
regressions of the surgical outcome measures including all aforementioned risk factors and year of diagnosis, but not
treating hospital. Based on these regressions, the predicted probability of an adverse postoperative outcome (30-day
complications, 90-day mortality) was estimated and depicted graphically along with the observed values for each
hospital.

Missing data were reported in overview of the whole cohort and included in logistic regressions as separate
categories, but excluded from formal comparisons. Imputation was not performed. Data was stored and managed on
the secure servers of Statistics Denmark, using Stata IC/17 (StataCorp LLC, 4905 Lakeway Drive, TX, USA). Data were
only extracted after anonymization.

Results
Five hundred and forty-one patients were excluded from the analyses (Figure 1). In total, 44,471 patients were included
in the study.

An overview of the study population is seen in Table 1. There was a slight overweight of males (54%), and the
median age overall was 71 (range 18-106) years. The majority (70%) of the patients had ASA score I-II, and the
majority (72%) had a Charlson score of zero prior to the diagnosis. One-third of the patients were non-smokers, one-third
ex-smokers and one-sixth were active smokers. Three out of four consumed less than 15 units of alcohol per week.
Almost half of the patients were overweight or obese. Most patients had a short or medium educational level, and 17%
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Table | Characteristics of 44,471 Patients with Colorectal
Cancer Diagnosed in the Years 20092018 in Denmark

Frequency | Percent
Age group
<50 1734 4
50-64 10,091 23
65-74 15,861 36
75-84 12,428 28
85+ 4357 10
Gender
Male 24,205 54
Female 20,266 46
UICC stage
| 6713 15
I 11,170 25
1] 9679 22
v 10,626 24
Unknown 6283 14
Location of cancer
Colon 30,149 68
Rectum 14,322 32
ASA score
| 8868 20
I 22,109 50
1] 9908 22
IV+V 987 2
Unknown 2599
WHO performance status
0 13,857 31
| 5779 13
2 2287 5
3+4 1159 3
Unknown 21,389 48
Charlson score
0 32,011 72
| 3834 9
2 5107 I
3+ 3519 8
Smoking status
Active smoker 7501 17
Ex-smoker 15,002 34
Never smoker 14,718 33
Unknown 7250 16
Body mass index class
Underweight 1415 3
Normal 17,406 39
Overweight 14,283 32
Obese 6665 15
Unknown 4702 Il
Alcohol consumed per week (units?)
0-14 32,753 74
15+ 4887 I
Unknown 6831 15
(Continued)
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Table | (Continued).

Frequency | Percent
Highest educational level
Short 16,315 37
Medium 18,993 43
Long 7356 17
Unknown 1807 4
Participation in screening
Yes 7486 17
No 2915 7
Not invited 34,070 77
Cohabitation status
Cohabiting 26,103 59
Alone 18,308 41
Unknown 60 0

Note: *One unit = 2 grams of pure ethanol.
Abbreviations: UICC, Union for international Cancer Control; ASA,
American Society of Anesthesiologists; WHO, World Health Organization.

had a long educational level. The median equated disposable household income was approximately 196,000 DKK, which
equals approximately EUR 26,000 or USD 29,000 (with interquartile range of 157269-270125 DKK). In this cohort,
77% were not eligible for participation in the CRC screening program. Of those eligible, 72% participated in screening.
A majority (59%) of the patients had a cohabitant at the time of diagnosis. See Table 1 for more details.

Between-Hospital Variation in Prevalence of Risk Factors
The distribution of risk factors between hospitals is shown in Figures 2 and 3, with details in Supplementary Table 2. The

main findings are summarized below.

Demographic and Performance Variables

The distribution of demographic variables between hospitals is shown in Figure 2. The most marked variations were age
>75 years ranging from 31% (95% CI: 29-33%) to 46% (95% CI: 43—48%), ASA III+ ranging from 18% (95% CI: 16—
19%) to 40% (95% CI: 37-43%) and PS 2+ ranging from 8% (95% CI: 7-10%) to 20% (95% CI: 18-22%).

Lifestyle Variables and Participation in Screening

The distribution of lifestyle factors and participation in CRC screening between hospitals is shown in Figure 2. The most
marked variations were in prevalence of heavy drinkers ranging from 4% (95% CI: 3—6%) to 20% (95% CI: 19-22%)
and in patients who did not participate in CRC screening despite invitation ranging from 21% (95% CI: 18-25%) to 39%
(95% CI: 35-43%).

Socioeconomic Variables

The distribution of socioeconomic variables between hospitals is seen from Figure 2. The most marked variations found
were short education ranging from 26% (95% CI: 25-28%) to 50% (95% CI: 47-53%), lowest quartile of income ranging
from 15% (95% CI: 14-16%) to 37% (95% CI: 35-40%) and patients living alone ranging from 36% (95% CI: 34-38%)
to 54% (95% CI: 53-56%). Short education and low household income were more prevalent in more rural areas of
Denmark (not shown).

Disease-Related Variables by Hospitals

The distribution of tumor location and stage between hospitals is seen in Figure 2. The most marked variations were in
proportion of Stage I ranging from 12% (95% CI: 10-14%) to 21% (95% CI: 19-22%) and IV ranging from 23% (95%
CL: 21-25%) to 35% (95% CI: 34-37%).
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Figure 2 Distribution of demographics, performance score, lifestyle, participation in screening, socioeconomic and disease-related factors in a Danish cohort of patients
with colorectal cancer. Hospitals ordered by patient volume, from low (left) to high volume (right).
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Figure 3 Prevalence of somatic and psychiatric comorbidities in a Danish cohort of colorectal cancer patients. Hospitals ordered by patient volume, from low (left) to high

volume (right).
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Comorbidity Variables

The prevalences of all the comorbidities are shown in Figure 3. Overall, the variations between hospitals in somatic
comorbidities were small or with low absolute numbers (dementia, chronic nerve disease, liver and kidney disease). The
most marked variation in psychiatric comorbidities was substance abuse disorder ranging from 1% (95% CI: 1-2%) to
10% (95% CI: 9-11%), with the highest prevalence in the capital area of Denmark (not shown).

Multiple Logistic Regression Analyses of Short-Term Postoperative Outcomes

Multiple logistic regressions of surgical and medical complications and postoperative mortality within 90 days were
calculated and the multiple logistic regressions are seen in Table 2. We applied the Hosmer-Lemeshow Goodness of Fit
test with twenty groups, giving high associated p-values for all three outcomes, indicating acceptable model fit. As
judged by the odds ratios and corresponding confidence intervals the most pronounced associated risk factors were: i) for
medical complications: Age 75+ years, male gender, Stage IV, ASA score I+, PS 2+, chronic pulmonary disease and
kidney disease; ii) for surgical complications: male gender, location in rectum, ASA score II+, active smoking and
obesity; iii) for mortality within 90 days after surgery: Age 75+ years, male gender, Stage IV, ASA II+, PS 1+, liver
disease, schizophrenic spectrum disease and underweight. Being overweight or obese was associated with a lower 90-day
postoperative mortality and was underrepresented in the group with UICC Stage IV (not shown).

Table 2 Multiple Logistic Regressions of 30 Day Postoperative Surgical and Medical Complications and 90 Day Postoperative
Mortality, Adjusted for Patient-Related Risk Factors

Medical Complications Surgical Complications 90 Day Mortality
Odds Ratio 95% CI Odds Ratio 95% CI Odds Ratio 95% ClI

Age group (ref. <50)

50-64 1.02 [0.76, 1.36] 1.02 [0.88, 1.19] 0.85 [0.53, 1.37]

65-74 1.32 [0.99, 1.75] 0.89 [0.77, 1.04] 1.33 [0.85, 2.11]

75-84 1.89 [1.42, 2.52] 0.87 [0.75, 1.02] 2.08 [1.32, 3.29]

85+ 242 [1.78, 3.29] 0.75 [0.62, 0.91] 3.08 [1.91, 4.97]
Gender (ref. Male)

Female 0.67 [0.61, 0.73] 0.66 [0.62, 0.70] 0.73 [0.64, 0.84]
UICC stage (ref. )

I 1.22 [1.08, 1.37] 1.07 [0.98, I.16] I.11 [0.91, 1.37]

1] 1.20 [1.06, 1.36] 1.08 [0.99, 1.18] 1.34 [1.08, 1.65]

v 1.32 [1.14, 1.53] 0.99 [0.90, 1.10] 427 [3.47, 5.25]

Unknown 1.27 [1.06, 1.52] I.10 [0.98, 1.25] 2.64 [2.00, 3.50]
Location of cancer (ref. Colon)

Rectum 1.12 [1.02, 1.22] 1.66 [1.56, 1.76] 1.00 [0.87, 1.14]
ASA score (ref. 1)

Il 1.38 [1.20, 1.59] 1.30 [1.20, 1.42] 1.89 [1.42, 2.50]

1] 2.54 [2.15, 2.98] 1.55 [1.40, 1.73] 3.89 [2.89, 5.24]

IV+V 5.03 [3.74, 6.76] 1.62 [1.28, 2.06] 9.80 [6.62,14.51]

Unknown 1.48 [1.00, 2.18] 1.12 [0.85, 1.48] 3.05 [1.90, 4.90]
WHO performance score (ref. 0)

[ 1.08 [0.95, 1.23] 1.02 [0.92, 1.12] 1.72 [1.33,2.22]

2 1.40 [1.17, 1.67] 1.09 [0.94, 1.27] 2.74 [2.05, 3.66]

3+4 1.37 [1.02, 1.86] 1.13 [0.88, 1.45] 5.57 [3.88, 8.02]

Unknown 0.64 [0.55, 0.76] 0.83 [0.74, 0.92] 2.01 [1.52, 2.67]
Cardiovascular disease 1.09 [0.99, 1.21] 1.00 [0.93, 1.07] 1.26 [1.08, 1.47]
Chronic pulmonary disease 1.31 [1.19, 1.43] 1.08 [1.01, 1.15] .13 [0.99, 1.29]
Diabetes 1.00 [0.89, 1.12] 0.99 [0.91, 1.07] 1.04 [0.89, 1.23]
Dementia 0.92 [0.67, 1.25] 091 [0.71, 1.15] 1.45 [1.04, 2.02]

(Continued)
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Table 2 (Continued).

Medical Complications Surgical Complications 90 Day Mortality
Odds Ratio 95% CI Odds Ratio 95% CI Odds Ratio 95% CI

Liver disease 1.08 [0.73, 1.60] I.15 [0.87, 1.53] 2.06 [1.28, 3.30]
Kidney disease 1.50 [1.22, 1.86] 1.30 [1.08, 1.56] 1.34 [1.00, 1.79]
Nerve disease I.10 [0.77, 1.56] 0.90 [0.67, 1.20] 1.47 [0.96, 2.27]
Other cancer 0.91 [0.80, 1.03] 0.97 [0.89, 1.07] 1.12 [0.94, 1.33]
Connective tissue disease .16 [1.01, 1.32] 0.99 [0.89, 1.10] I.16 [0.95, 1.41]
Affective disorder I.15 [1.04, 1.27] 1.09 [1.02, 1.18] .17 [1.01, 1.35]
Schizophrenic spectrum disorder 1.49 [0.90, 2.48] 1.54 [1.08, 2.20] 2.44 [1.36, 4.39]
Disorder of adult personality and behaviour 0.54 [0.22, 1.37] 0.70 [0.42, 1.18] 0.84 [0.26, 2.79]
Psychoactive drug abuse disorder 1.29 [1.07, 1.55] I.15 [1.01, 1.32] 1.04 [0.79, 1.38]
Smoking status (ref. Non-smoker)

Active smoker 1.20 [1.06, 1.35] 1.25 [1.15, 1.36] .12 [0.93, 1.36]

Ex-smoker 1.13 [1.03, 1.25] 1.18 [1.11, 1.27] 0.98 [0.84, 1.14]

Unknown 1.00 [0.82, 1.22] I.14 [1.00, 1.31] 1.27 [0.96, 1.68]
Body mass index class (ref. Normal weight)

Underweight 1.21 [0.97, 1.52] 1.00 [0.84, 1.19] 1.94 [1.50, 2.52]

Overweight 0.99 [0.90, 1.08] 1.09 [1.02, I.16] 0.69 [0.59, 0.80]

Obese I.10 [0.98, 1.24] 1.33 [1.22, 1.44] 0.79 [0.65, 0.95]

Unknown 1.96 [1.60, 2.40] 1.62 [1.40, 1.88] 0.97 [0.76, 1.26]
Alcohol consumed per week (units?) (ref. <14)

15+ 1.09 [0.96, 1.23] I.11 [1.02, 1.21] I.12 [0.92, 1.38]

Unknown 1.49 [1.23, 1.80] 1.23 [1.07, 1.41] 1.34 [1.02, 1.75]
Highest educational level (ref. Long)

Short 1.12 [0.98, 1.29] 1.04 [0.95, 1.14] 0.99 [0.80, 1.23]

Medium 1.08 [0.95, 1.23] 1.04 [0.95, 1.13] 0.94 [0.76, 1.16]

Unknown 1.6l [1.27, 2.04] 1.17 [0.97, 1.41] 2.95 [2.23, 3.89]
Quartile of household income (ref. 4th)

Ist 1.09 [0.95, 1.25] 1.02 [0.93, 1.13] 1.29 [1.03, 1.61]

2nd 1.03 [0.91, 1.18] 1.00 [0.91, 1.09] 1.24 [1.00, 1.55]

3rd 0.98 [0.87, 1.12] 1.05 [0.97, 1.14] 1.04 [0.83, 1.29]

Unknown 0.36 [0.09, 1.49] 0.6l [0.32, I.16] 0.31 [0.04, 2.34]
Cohabitation status (ref. Cohabiting)

Alone 1.00 [0.91, 1.09] 1.00 [0.94, 1.07] 1.06 [0.93, 1.21]

Unknown 3.1 [0.53,18.37] 2.17 [0.83, 5.67] 1.41 [0.08,24.26]
Year of diagnosis 0.86 [0.84, 0.89] 0.89 [0.88, 0.91] 0.94 [0.90, 0.98]
Participation in screening (ref. Yes)

No 0.98 [o.81, 1.19] 1.22 [1.07, 1.39] 1.38 [0.96, 2.00]

Not invited 0.89 [0.78, 1.01] 1.00 [0.91, 1.10] |.44 [1.08, 1.92]
Intercept 0.09 [0.06, 0.13] 0.29 [0.22, 0.38] 0.00 [0.00, 0.01]

Notes: *One unit = 2 grams of pure ethanol. Goodness of fit tests p-values respectively: Medical Complications= 0.81; Surgical Complications= 0.6; 90-day Mortality= 0.52.
Abbreviations: UICC, Union for international Cancer Control; ASA, American Society of Anesthesiologists; WHO, World Health Organization.

Predicted and Observed Short-Term Outcomes
The predicted probabilities of an adverse postoperative short-term outcome based on the prediction model, and the actual
percentage for each hospital are shown in Figure 4.

The predicted probability of medical complications showed no clinically meaningful variation between hospitals,
whereas the observed percentage varied more from 6% (95% CI: 5-8%) to 13% (95% CI: 11-16%). The within-hospital
differences between predicted and observed percentages varied in several hospitals as seen in Figure 4.

876 hetps: Clinical Epidemiology 2023:15

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove

Rattenborg et al

Observed vs predicted probability of
30 day postoperative surgical complications by hospital

0/0
30 2
25 . e .
° z
20 3 P = *
------------------------- r..§-- SRR RLREEECREEP SERXSLRPCEEE DEL 4
x
x i b 2 ° . °
15
[ ]
10 .
5_
0_
T T T T T T T T T T T T T T T T T
A B CDETFGH I J KL MNUOPNAQ
Observed vs predicted probability of
30 day postoperative medical complications by hospital
°/o
15
[ ]
[ ] [ ]
I i i ° °
k] I
10 | Re=zessapcanss fpee I-'-I-"I"-'- ------ ’---I'-l-"}_ -----------
I . T 3 T
[ ]
[ ]
[ ]
[ ]
5_
0_
T T T T T T T T T T T T T T T T T
A B CDETFGH I J KLMNUOPNAQ
Observed vs predicted probability of
90 day postoperative mortality by hospital
%
6_
{ .
5 1 [ . . I
S peppbpyded
fel;Ti iy,
’ 1
: i
3_
2_
1_
0_
T T T T T T T T T T T T T T T T T
A B CDETFGH I J KL MNUOPNAQ

———- Predicted mean and 95% confidence interval

Observed
National predicted mean

Figure 4 Predicted and observed frequencies of postoperative medical and surgical complications, and 90-day postoperative mortality, in a Danish cohort of patients with
colorectal cancer. Hospitals ordered by patient volume, from low (left) to high volume (right).

Clinical Epidemiology 2023:15

https:

Dove:

877


https://www.dovepress.com
https://www.dovepress.com

Rattenborg et al Dove

The predicted probability of surgical complications varied between 17% (95% CI: 16—17%) and 23% (95% CI: 22—
23%), and the observed percentage of surgical complications varied more from 9% (95% CI: 8-11%) to 29% (95% CI:
27-31%). Within-hospital differences between predicted and observed levels are shown in Figure 4.

The predicted probability of 90-day postoperative mortality showed a pronounced between-hospital variation from 3.2%
(95% CI: 3-3.4%) to 5.5% (95% CI: 4.9-6%). The observed mortality rate did not differ between the highest (5.3%, 95% CI:
4.4-6.2%) and the lowest (3.2%, 95% CI: 2.3-4.4%). The intra-hospital differences are shown in Figure 4.

Discussion

This register-based study aimed to elucidate the distribution of patient-related risk factors among Danish hospitals
treating colorectal cancer in order to investigate between-hospital variation. We also attempted to estimate the potential
clinical impact of the variation found on generally accepted quality indicators by entering each hospital’s patient cohort
into a common prediction model. The prediction models were applied as an attempt to estimate the aggregated impact of
the patient-related risk factors on each short-term outcome and should only be regarded as such.

Potentially important variables for our purpose would obviously be those that show a clinically significant association
with the adjusted prediction model and vary markedly between hospitals.

High age, tumor stage, ASA and PS score were markedly associated with short-term outcomes and varied markedly
between hospitals. It should be noted, however, that PS in particular was missing in a large proportion of patients (48%).
Also, some less common comorbidities (kidney, liver and schizophrenic spectrum disease) were strongly associated with
adverse outcomes, but rather few in number and therefore probably of less importance on an overall level. Being
overweight or obese was, in our data, associated with a lower 90-day postoperative mortality.

The probabilities of short-term medical and surgical complications in each hospital varied from 11% (95% CI: 11-11%)
to 15% (95% CI: 14-16%) and 17% (95% CI: 16—-17%) to 23% (95% CI: 22-23%), respectively, in the prediction models,
indicating differences between hospitals in aggregated risks of these short-term outcomes. Predicted 90-day postoperative
mortality varied from 3.2% (95% CI: 3-3.4%) to 5.5% (95% CI: 4.9-6.1%). It is very important to note, however, that the
prediction model does not predict the final outcomes since it does not include treatment information. The model was applied
as an aggregated measure of the potential impact that patient-related factors prior to treatment might have on clinical
outcomes. This is clearly reflected in Figure 4, in which the predicted and actual mortalities show no obvious relationship.

Other studies also examined between-hospital variations. Morris et al*' found that 30-day postoperative
mortality was associated with high age, male gender, socioeconomic deprivation, emergency surgery, rectal
location, comorbidity and advanced stage. They found between hospital variations in 30-day mortality from 5.4
to 6.4%. Another study by Osler et al’? also examined 30-day postoperative mortality and found emergency
surgery and ASA score to be predictors. Moreover, their study showed that at most 5.7% of the variation in
outcome could be explained by the treating hospital. Both Morris and Osler were based on data collected 20 years
ago, when both the number of treating hospitals and the postoperative mortality were much higher. Obesity is most
commonly known to be associated with a higher risk of postoperative mortality in colorectal cancer.*** The most
comparable study to ours is Juvik et al,>® which partially include the same cohort as our study. Our results are

133

conflicting probably due to eligibility criteria, since Juvik et al’” excluded Stage IV (who we found were

underrepresented in the overweight category) and included acute cases. Axt et al** examined in-hospital mortality,
within an unspecified period. Some studies found no association between overweight and short-term mortality.>-*

In some annual reports,>® outcome data have been adjusted for risk factors, most thoroughly in the UK, where annual reports
from National Bowel Cancer Audit present outcome data both unadjusted and adjusted for age, age squared, sex, ASA score, T-,
N-, and M-category, tumor location, acute/planned admission, and Charlson comorbidity score. For some outcome indicators,
this adjustment moves the results from certain hospitals inside the confidence interval of the indicator. In our opinion, this

approach would allow for a more valid and fair comparison of outcome data, as also suggested by Morris et al.*’

Strengths and Limitations
Strengths of this study include its size and the almost 100% coverage of the national database.'® It is also a strength that all data
were prospectively collected, although with the limitations associated with routine data collection in a busy clinical service,
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meaning that both predictors and outcome measures may be subject to recall bias and underreporting (eg alcohol consumption,
complications), interobserver variation (eg ASA score, PS) and misclassification (eg TNM staging). These limitations do not
apply to postoperative death, of course. Specific limitations apply to the PS variable with its unfortunate large proportion of
missing values. Sensitivity analyses were used to assess the importance of these limitations. Another strength of the study is the
completeness and high quality of the Danish national registers, which in combination with the unique individual personal
registration number of each patient allows for complete and accurate merging of data from multiple sources.

Perspectives

We suggest that reporting of hospital outcomes adjusted for patient-related risk factors could lead to more fair and valid
comparisons between hospitals and may aid the individual hospitals in their improvement efforts. Identifying problem
areas becomes easier when deviations from average values of the population are considered valid and trustworthy. Future
studies should correlate risk factors with treatment choices in order to examine variations between hospitals further.

Conclusion
Marked variation in the prevalence of patient-related risk factors for adverse outcomes of colorectal cancer treatment exist
between hospitals in Denmark. It seems reasonable to consider these differences when comparing outcomes between hospitals.
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