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Abstract 

Background:  In the era of personalized medicine, cancer care is subject to major changes 

and innovations. It is unclear, however, to what extent implementation of such innovations 

and their impact on patient outcomes differ by health insurance type. We aimed to compare 

provision of treatment and survival outcomes in colorectal cancer (CRC) patients with 

statutory health insurance (SHI) and private health insurance (PHI) in Germany. 

Methods:  We analyzed patterns of CRC treatment (surgery, chemo-/radiotherapy, and 

targeted therapy) and survival in a large cohort of patients diagnosed with CRC in 2003-2014 

and followed for an average of 6 years. Associations of type of health insurance with 

treatment administration and with overall, CRC-specific, and recurrence-free survival were 

investigated using multivariable logistic and Cox proportional hazards models, respectively. 

Results: Of 3,977 CRC patients, 427 (11%) patients had PHI. While type of health insurance 

was not associated with treatment administration in stage I-III patients, stage IV patients with 

PHI more often received targeted therapy (65% vs. 40%; odds ratio: 2.43, 95% confidence 

interval:1.20-4.91), with differences decreasing over time due to catch-up of uptake rates in 

SHI patients. Median overall survival was longer in PHI patients than in SHI patients (137.0 

vs. 114.9 months, p=0.010), but survival advantages were explained to a large extent by 

differences in socio-demographic factors. In stage IV patients, survival advantages of PHI 

were non-significant and were restricted to the early years after diagnosis.  

Conclusions: We observed major differences in uptake of targeted therapy between PHI 

and SHI patients but no differences in patient survival after adjusting for relevant socio-

demographic, clinical, and tumor characteristics. Further studies are needed on factors 

associated with the uptake of therapeutic innovations and their impact on patient survival by 

health insurance type.  

 

Keywords: Colorectal cancer; health insurance; treatment pattern; targeted therapy; survival 
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Introduction 

Colorectal cancer (CRC) is the second major cause of cancer-related deaths, accounting for 

approximately 862,000 deaths per year globally.1 Along with advancements in early detection 

and therapy, CRC prognosis has steadily improved in many countries in recent decades,2 

with five-year relative survival reaching approximately 65% in several countries, including the 

US3 and Germany.4 

Surgical removal of the primary tumor has been complemented by major therapeutic 

innovations over the past decades, such as neoadjuvant chemo-/radiotherapy (for stage II-III 

rectal cancer patients), adjuvant chemo-/radiotherapy (often for stage III colon cancer and 

stage II-III rectal cancer patients), and targeted therapy (e.g., Bevacizumab for stage IV CRC 

patients). Some of these innovations (e.g., targeted therapy) are associated with major 

increases in costs,5 and their implementation may vary according to health insurance 

coverage. Meta-analyses of clinical trials have demonstrated that the addition of 

Bevacizumab to standard first-line treatment for metastatic CRC improves progression-free 

survival (PFS) by between 31% and 56% (p<0.001).6,7 Thus, differences in the uptake of 

these therapeutic innovations by insurance status might lead to variations in survival in 

patient groups eligible for such treatments. 

In Germany, health insurance is compulsory and the majority of the people are covered by 

statutory health insurance (SHI, about 89%), whereas a minority of approximately 11% of the 

population receive their primary coverage through private health insurance (PHI).8,9 Eligibility 

for PHI is mostly defined by income level, which must exceed defined thresholds. PHI differs 

from SHI in terms of benefits and incentives against overuse of health services as well as 

remuneration of care providers.10 It is unclear, however, if and to what extent such 

differences impact treatment and outcomes of patients with CRC.  

We investigated the associations of the type of patients’ health insurance with utilization of 

treatments and survival in a cohort of CRC patients recruited in a population-based study in 

Germany, paying particular attention to uptake of targeted therapy in stage IV patients.  
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Methods 

Study population 

This patient cohort analysis is based on data from the DACHS (Darmkrebs: Chancen der 

Verhütung durch Screening) study. The DACHS study is an ongoing population-based case-

control study on CRC with additional patient follow-up, which has been conducted in 

southwest of Germany since 2003. It was primarily designed to assess the potential of 

endoscopic screening for the prevention of CRC. Patients with a histologically confirmed, 

first-time diagnosis of CRC (International Classification of Disease, 10th Revision: C18-C20) 

who are ≥30 years old and physically able to participate in a one-hour interview are eligible. 

All 22 hospitals in the study area offering first-line treatment to CRC patients are involved in 

the recruitment. Approximately 50% of all eligible patients in the study area have been 

recruited. Incomplete recruitment is mainly due to work overload of the clinicians involved in 

recruiting patients in the study settings. Further details of the DACHS study have been 

previously reported.11,12 The DACHS study was approved by the ethics committees of the 

University of Heidelberg and the state medical boards of Baden-Wuerttemberg and 

Rhineland-Palatinate. Written informed consent was obtained from each participant. The 

current analysis includes patients diagnosed in 2003-2014. 

 

Data collection 

Shortly after diagnosis, patients participated in an interview with trained interviewers who 

collected information on patients’ socio-demographic, medical, and lifestyle history using a 

standardized questionnaire. In addition, discharge letters and pathological reports were 

collected, and detailed information on tumor and medical characteristics were extracted. 

Information on the type of patients’ insurance at the time of CRC diagnosis was obtained 

from the treating hospitals.  
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Vital status and cause of death were ascertained from population registries and public health 

authorities about three, five, and ten years after diagnosis. About three years after diagnosis, 

a questionnaire was sent to the treating physicians, and medical reports were collected to 

obtain information on CRC treatment and recurrence. After five and ten years, questionnaires 

were sent to the patients to obtain, among others, information on recurrence status. In case 

of reported CRC recurrence, the treating physician was contacted for validation and to obtain 

further details. For patients who died during follow-up or were lost to follow-up, recurrence 

history was obtained from the last attending physician.  

 

Inclusion criteria 

CRC patients diagnosed in 2003-2014 who were followed up for three (2011-2014), five 

(2007-2010), or ten years (2003-2006) were included. Patients with no information on 

insurance and vital status or who did not participate in the three-year follow-up were 

excluded (Figure 1).  

 

Definition of variables 

 
Demographic characteristics (sex and age), social characteristics (education level and living 

with a partner), a lifestyle score, clinical characteristics (Charlson comorbidity score and 

regular use of statins and nonsteroidal anti‐inflammatory drugs (NSAIDs) including Aspirin), 

tumor-related characteristics (year of diagnosis, stage, and cancer site), and treatment 

characteristics (surgery type and first-line treatments (neoadjuvant/adjuvant/palliative 

chemotherapy, radiotherapy, and targeted therapy)) were selected a priori for analyses.  

A lifestyle score was used as a proxy for healthy lifestyle behavior prior to diagnosis. It was 

derived from five lifestyle factors (smoking, alcohol consumption, diet, physical activity, and 

body mass index), as described previously.13 The Charlson comorbidity index score14 

(adapted by Deyo et al15) was derived from comorbidities that were diagnosed either prior to 

or at the time of CRC diagnosis, as described elsewhere.16 Cancer stage was categorized 

into four groups (I-IV).17  
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Follow-up started from CRC diagnosis. Endpoints for survival analyses were overall (OS; 

death from any cause), CRC-specific (CSS; death from CRC), and recurrence-free survival 

(RFS; event: recurrence of or death from CRC). Stage IV patients were excluded from RFS 

analysis because of the very low number of patients with RFS, especially in the small group 

of stage IV PHI patients.  

 

Statistical analyses 

Distributions of demographic, social, lifestyle, clinical, tumor-related, and treatment-related 

characteristics according to insurance type were assessed. Prior to multivariable analyses, 

multiple imputation was conducted (see Supplementary Methods and Appendix 1). 

Multivariable logistic regression models were used to explore whether type of insurance was 

associated with treatment patterns (type of surgery, chemo-/radiotherapy, and targeted 

therapy). As treatment depends on cancer site and stage, stratified analyses were conducted 

following treatment recommendations according to the S3 guideline in Germany.18,19 All 

models were adjusted for demographic, social, lifestyle, clinical, and tumor-related factors. 

Median follow‐up time was computed using the Kaplan‐Meier estimate of potential follow‐

up.20 Associations of insurance type with survival, overall and by tumor stage, were assessed 

univariately using Kaplan-Meier curves. Differences in survival were tested for statistical 

significance using the Wilcoxon test because they mostly occurred in the earlier years after 

diagnosis. Hazard ratios (HRs) and 95% confidence intervals (CIs) for the association of 

insurance type with survival were estimated using multivariable Cox proportional hazards 

regression at different censoring times (because they seemed to vary by follow-up time, even 

though there was no obvious violation in the proportional hazards assumption) and in 

different adjustment levels. The basic model included demographic characteristics. 

Adjustment was gradually extended by including social, lifestyle, clinical, tumor-related, and 

treatment-related characteristics to determine whether associations are explained by these 

factors. Using the main model (all the above factors except treatment), stratified analyses by 

sex, age, year of diagnosis, cancer site, and stage were also conducted. To account for the 
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time interval between diagnosis and baseline assessment, late‐entry models were 

computed.21 The proportional hazards assumption was assessed for all covariates in the 

complete case dataset, by examining plots of scaled Schoenfeld residuals and by including a 

time‐dependent component.  

Multiple imputation was conducted using the MICE package in R.22 All other analyses were 

carried out with SAS (SAS Institute Inc., Cary, NC, version 9.4). Statistical tests were two-

sided, with α=0.05.  
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Results 

A total of 3,977 patients were included in the analyses, 11% of whom had PHI (Table 1). 

Patients who had PHI were more often men, were younger, had higher level of education, 

and lived more often with a partner. They also had lower comorbidity and used NSAIDs less 

often. Furthermore, they received more often targeted therapy as first-line treatment.  

 

Insurance type and treatment patterns 

Table 2 summarizes results from multivariable analyses on the association of insurance type 

with first-line treatment administration. Having PHI (versus SHI) was not associated with type 

of surgery (laparoscopic versus open surgery: odds ratio (OR): 1.17 (95%CI: 0.87-1.57)). It 

was also not associated with the administration of adjuvant chemotherapy in stage III colon 

cancer patients, administration of oxaliplatin-based chemotherapy in stage III colon cancer 

patients aged <70 years, or administration of neoadjuvant radiotherapy in stage II-III rectal 

cancer patients.  

However, in stage IV patients, those with PHI were more likely to receive any targeted 

therapy (2.43 (1.20-4.91)) or specifically bevacizumab (2.46 (1.26-4.79)), the most commonly 

administered targeted therapy. The difference in administration of targeted therapy 

essentially reflects a temporal delay in introduction of this therapy among SHI patients 

compared to PHI patients, with a tendency for catch-up of SHI patients in later years as 

illustrated in Appendix 2.   
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Insurance type and survival 

After a median follow-up time of 6.3 years, 1,637 patients (41%) died, 956 of whom died from 

CRC. Analysis on RFS was restricted to stage I-III patients, with a median follow-up time of 

4.3 years and 680 events. Kaplan-Meier curves for the associations of insurance type with 

OS, CSS, and RFS, overall and by tumor stage, are shown in Figures 2-4. Compared to 

patients with SHI, those with PHI had higher OS, which was consistent within all stages 

(Figure 2). The median OS for patients on PHI and SHI were 137.0 and 114.9 months 

(p=0.010) for patients of all stages and 32.7 and 23.3 months (p=0.112) for stage IV patients, 

respectively. For CSS and RFS (Figures 3-4), survival rates by the insurance types were 

comparable, but stage IV patients with PHI had non-significantly longer CSS than those with 

SHI (median CSS: 33.1 versus 24.1 months, p=0.128).  

Appendices 3-5 show the associations of insurance type with survival at different censoring 

times and after stepwise adjustment for demographic, social, lifestyle, clinical, tumor-related, 

and treatment factors. Overall, the associations became weaker five years after diagnosis. 

Also, the association of insurance type with OS became weaker after adding adjustment 

factors. No association was, however, observed with CSS or RFS in any of the models. In 

the main model which included all factors except treatment and with all years of follow up, 

HRs for PHI versus SHI were 0.97 (95%CI: 0.81-1.16), 0.97 (0.77-1.21), and 0.88 (0.68-1.14) 

for OS, CSS, and RFS, respectively (Table 3). Subgroup analyses by sex, age, year of 

diagnosis, cancer site, and stage, showed no association between insurance type and 

survival in any of the stratified groups.  

In stage IV patients, recipients of first-line targeted therapy had longer survival than those not 

receiving such treatment (median OS were 26.6 versus 22.1 months, p=0.004), but this 

difference became smaller 24 months after diagnosis and the survival curves crossed each 

other after approximately 3 years of follow-up (Figure 5). In a multivariable analysis 

restricted to 24 months from diagnosis, recipients of targeted therapy had non-significantly 

16% (HR=0.84, 95%CI=0.62-1.13) and 16% (HR=0.84, 95%CI=0.62-1.14) lower all-cause 

and CRC mortality, respectively.   
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Discussion 

Therapeutic advancement and early detection have played significant roles in the observed 

improvement in CRC prognosis in many countries.2,3 Targeted therapy is one of the major 

therapeutic innovations and is increasingly used for treating metastatic CRC in many 

countries. However, given the high cost of these treatments, their uptake might be influenced 

by insurance coverage, but such evidence is sparse. We observed substantially higher rates 

of administration of targeted therapy among patients on PHI in the earlier years of the study, 

with a tendency for catch-up of SHI patients in the later years. Median OS was longer in PHI 

patients than in SHI patients, but survival advantages in stage IV patients were restricted to 

the earlier years after diagnosis and were explained by differences in sociodemographic 

factors.  

Numerous studies have reported large differences in the waiting times for outpatient and 

inpatient care between patients on SHI and PHI, with those on SHI having longer waiting 

times.23-27 With respect to treatment, one small study (n=123) showed longer delays between 

first symptoms and treatment for CRC in publicly insured patients.28 However, in that study, 

insurance status was used as a proxy for socioeconomic status, and it is unclear to what 

extent the differences were due to the latter or insurance status itself. Also, studies have 

shown higher uptake of CRC surgery or minimally invasive surgery in privately insured than 

in publicly insured patients, even though postoperative complications and survival rates were 

comparable in the insurance types.29,30 Data from the US moreover suggest that CRC 

patients enrolled on the Medicaid, an insurance type that is regulated by the State, receive 

CRC treatments substantially less often and have lower survival than those on PHI.31,32 

However, whether and to what extent insurance type is associated with uptake of targeted 

therapy or survival in stage IV patients is unclear but could be useful for determining factors 

associated with uptake of therapeutic innovations by insurance type in CRC patients.  

We observed large differences in the administration of targeted therapy in stage IV CRC 

patients, with about 65% of the privately insured and only 40% of the publicly insured 

patients receiving this treatment during the entire period of investigation (2005-2014), with 
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differences seemingly diminishing over time due to catch-up of SHI patients. The difference 

by insurance type persisted after adjustment for a large number of relevant factors. Although 

we cannot determine whether this difference is causally related to insurance type, there are 

some reasons to support this observation. For example, targeted therapies are very 

expensive and their use is carefully considered by weighing their cost against their benefit 

using incremental cost-effectiveness ratio. However, PHI often does not apply this principle 

strictly,10 potentially increasing the uptake of therapeutic innovations by patients on PHI 

compared to those on SHI.  

In our study, the median OS of recipients and non-recipients of targeted therapy were 26.6 

and 22.1 months, respectively, and bevacizumab was the most frequently administered 

targeted therapy. However, the use of bevacizumab is highly debated in recent years. For 

example, in one clinical trial, the addition of bevacizumab to irinotecan and 5-FU/LV regimen 

increased the median PFS from 6.2 to 10.6 months.33 However, in a later trial that used 

oxaliplatin-based therapy (e.g., 5-FU/LV and oxaliplatin (FOLFOX-4)) as the reference 

regimen, the net survival benefit added by bevacizumab was only 1.4 months.34 This 

indicates that the benefit of bevacizumab depends on the chemotherapy regimen being 

compared to and thus needs further investigation.7,35 Also, bevacizumab is associated with 

higher rates of adverse effects (e.g., grade III/IV hypertension).35 Moreover, cost-

effectiveness analyses from several countries suggest that, adding bevacizumab to standard 

first-line treatments in stage IV CRC patients is not cost effective concerning the life years 

gained.36,37  

We observed no significant differences in the administration of first-line CRC treatments such 

as type of surgery, chemotherapy, and radiotherapy in stage I-III patients, suggesting that 

treatment patterns for this patient population are similar, irrespective of insurance status. 

This observation is plausible because these treatments are recommended in the treatment 

guidelines for CRC in Germany18,19 and also suggests that both insurance types strive to 

ensure equitable access to cancer care whenever possible. These findings also suggest that 

the SHI may approve the most valuable treatments for CRC patients in a timely manner, but 
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there may be possible delays in approval for treatments that have marginal benefits. This 

may ensure efficient budget expenditure and prioritization of healthcare resources for various 

diseases, given that the majority of the German population (~89%) is dependent on the SHI.   

Major strengths of our study include the use of population-based data with almost complete 

treatment information, detailed assessment of confounders (e.g., comorbidities), and a long 

follow-up of patients. We also computed late-entry models to account for the time interval 

between diagnosis and baseline assessment,21 thereby minimizing delayed entry bias. Our 

study also has limitations. First, there was an age gradient in patient recruitment in the 

DACHS study, with higher recruitment rates in younger patients, who in our analysis were 

more likely to be on PHI than on SHI. However, the proportion of participants on PHI (11%) is 

similar to that of the general population.9 Second, approximately 19% of the DACHS 

participants could not be included in our analysis due to missing data on insurance status.  

The majority of the excluded patients were treated in an academic institution (83%) and 

differed from the included sample to some extent (Appendix 6). For example, compared to 

the included patients, the excluded patients were somewhat younger, had higher level of 

education, and more often had more advanced staged tumors. Our results might thus be less 

applicable to populations receiving treatment in academic institutions. However, it is worth 

mentioning that availability of insurance data in the DACHS study was dependent on 

agreement of the participating hospitals. Hence, the missing data were due to administrative 

reasons only. Third, we could not determine whether non-treatment was due to patients’ 

preference or recommendations from the physicians. This aspect is particularly important for 

stage IV patients, in whom treatment is more individualized and strongly depends on 

patients’ preferences. Fourth, we could not investigate the role of  more recently developed 

targeted therapies (non-bevacizumab treatments) such as panitumumab in patient survival  

due to the small number of recipients (n=45, SHI=38 and PHI=7). Lastly, analyses of 

potential differences in second-line and third-line treatments would also be of interest, but the 

data in our study were not sufficient to perform such analysis. 
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In summary, in this cohort of CRC patients recruited in a population-based setting in 

Germany, we found higher rates of administration of novel therapies such as targeted 

therapy in privately insured stage IV CRC patients compared to those on public insurance in 

the earlier years, with a tendency for catch-up of patients on public insurance in the later 

years. Median overall survival was longer in patients on private than those on public 

insurance, but survival advantages were explained by differences in socio-demographic 

factors. In stage IV patients, survival benefits of targeted therapy were restricted to the early 

years after diagnosis. As therapeutic innovations in CRC continue to increase, targeted 

therapies are likely to be more frequently used in the future. Our findings thus warrant further 

investigation to determine key factors associated with the uptake of novel therapies and 

survival by insurance type in patient groups eligible for such treatments. 
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Figure 1: Flow chart showing selection of the study population 
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Figure 2: Kaplan-Meier curves for the association of health insurance type with overall 

survival, overall and by tumor stage  
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Figure 3: Kaplan-Meier curves for the association of health insurance type with 

colorectal cancer-specific survival, overall and by tumor stage 
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Figure 4: Kaplan-Meier curves for the association of health insurance type with 

recurrence-free survival, overall and by tumor stage 
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Figure 5: Kaplan-Meier curves for the association of targeted therapy with survival in 
stage IV colorectal cancer patients† 

Abbreviation: CRC=colorectal cancer 

†Analysis was restricted to years of diagnosis 2005+, as no patient received targeted therapy 
before 2005. Because of small numbers, the curves were truncated at five years of follow up. 
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Table 1: Overview of sociodemographic, lifestyle, clinical, tumor-related, and 
treatment-related characteristics by health insurance type 

Variable Factor
1
 Total

2 
 Health Insurance

2 
p 

  

(N=3977) 
 Statutory 

(N=3550) 
Private 
(N=427) 

 

Demographic Sex      
  Female 1603 (40.3)  1465 (41.3) 138 (32.3) 0.0004 
  Male 2374 (59.7)  2085 (58.7) 289 (67.7)  
 Age at diagnosis      
  30-59 776 (19.5)  677 (19.1) 99 (23.2) <0.0001 
  60-69 1150 (28.9)  993 (28.0) 157 (36.8)  
  70-79 1368 (34.4)  1251 (35.2) 117 (27.4)  
  80+ 683 (17.2)  629 (17.7) 54 (12.6)  
  Median (IQR) 70 (62-77)  70 (62-77) 67 (60-74)  
Social Years of school education      
  <9 years 2695 (67.9)  2539 (71.7) 156 (36.5) <0.0001 
  9-10 years 684 (17.2)  583 (16.5) 101 (23.7)  
  > 10 years 590 (14.9)  420 (11.9) 170 (39.8)  
 Living with a partner      
  No 1054 (26.5)  969 (27.3) 85 (20.0) 0.0011 
  Yes 2918 (73.4)  2577 (72.7) 341 (80.0)  
Lifestyle Lifestyle score

 
     

  Meet 0-2 recommendations 1159 (30.7)  1045 (31.1) 114 (27.3) 0.16 
  Meet 3 recommendations 1362 (36.1)  1213 (36.1) 149 (35.7)  
  Meet 4/5 recommendations 1255 (33.2)  1101 (32.8) 154 (36.9)  
Clinical Charlson comorbidity score

3 
     

  No comorbidity (0) 2192 (55.1)  1911 (53.8) 281 (65.8) <0.0001 
  Mild comorbidity (1) 859 (21.6)  786 (22.1) 73 (17.1)  
  Moderate/severe (2+) 926 (23.3)  853 (24.0) 73 (17.1)  
 Use of statins

4 
     

  No 3345 (84.2)  2976 (83.9) 369 (86.4) 0.19 
  Yes 627 (15.8)  569 (16.1) 58 (13.6)  
 Use of NSAIDs

5 
     

  No 2800 (71.4)  2476 (70.8) 324 (76.6) 0.0131 
  Yes 1119 (28.6)  1020 (29.2) 99 (23.4)  
Tumor-related Year of diagnosis      
  2003-2006 1314 (33.0)  1180 (33.2) 134 (31.4) 0.53 
  2007-2010 1342 (33.7)  1201 (33.8) 141 (33.0)  
  2011-2014 1321 (33.2)  1169 (32.9) 152 (35.6)  
 Cancer stage      
  I 873 (22.7)  781 (22.8) 92 (22.5) 0.84 
  II 1188 (31.0)  1067 (31.1) 121 (29.6)  
  III 1221 (31.8)  1083 (31.6) 138 (33.7)  
  IV 556 (14.5)  498 (14.5) 58 (14.2)  
 Cancer site      
  Colon 1473 (37.0)  1314 (37.0) 159 (37.2) 0.93 
  Rectosigmoid/Rectum 2504 (63.0)  2236 (63.0) 268 (62.8)  
Treatment Type of surgery

6 
     

  No surgery 70 (1.8)  64 (1.8) 6 (1.4) 0.07 
  Open surgery 3303 (83.2)  2963 (83.6) 340 (79.8)  
  Laparoscopic surgery 598 (15.1)  518 (14.6) 80 (18.8)  
 Radiotherapy

7 
     

  No 3350 (84.4)  2990 (84.4) 360 (84.3) 0.97 
  Yes 620 (15.6)  553 (15.6) 67 (15.7)  
 Chemotherapy

7 
     

  No 2205 (55.5)  1981 (55.9) 224 (52.5) 0.18 
  Yes 1765 (44.5)  1562 (44.1) 203 (47.5)  
 Targeted therapy

7 
     

  No 3737 (94.0)  3352 (94.5) 385 (90.2) 0.0003 
  Yes 237 (6.0)  195 (5.5) 42 (9.8)  
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Abbreviations: P=p-value from Chi-square test; IQR=interquartile range; NSAID=Non-steroidal anti-
inflammatory drugs;  

1
Number of missing values: years of school education (8), living with a partner (5), lifestyle score (201), 

statin use (5), NSAIDs use (58), cancer stage (139), type of surgery (6), radiotherapy (7), chemotherapy (7), 
and targeted therapy (3) 

2
Counts and percentages are shown for categorical variables; median and IQR are shown for continuous 

variables.  

3
Charlson comorbidity score was calculated based on comorbidities at diagnosis.  

4
Use of statin was defined as current use of statin more than once a week.  

5
Use of NSAIDs was defined as taking NSAIDs at least 2 times a week for at least 1 year before diagnosis.  

6
Laparoscopic surgeries include laparoscopic surgeries that were converted to open surgeries.  

7
First-line adjuvant or neoadjuvant treatment
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Table 2: Association of health insurance type with first-line treatment by groups defined according to treatment guidelines 

Group Treatment patterns  
 Health insurance 

N (%) 
 OR (95% CI) 

    Statutory Private  (Ref=Statutory) 

Stage I-IV colorectal cancer with surgery Type of surgery Open  2967 (85.1) 341 (81.0)  Ref 
  Laparoscopic  518 (14.9) 80 (19.0)  1.17 (0.87-1.57) 
        
Stage III colon cancer

 
Adjuvant chemotherapy No  158 (24.6) 18 (22.8)  Ref 

  Yes  487 (75.4) 62 (77.2)  0.65 (0.31-1.35) 
        
Stage III colon cancer, <70 years, adj. chemotherapy

1 
Oxaliplatin-based chemotherapy No  25 (12.3) 5 (13.5)  Ref 

  Yes  178 (87.7) 32 (86.5)  0.65 (0.21-2.05) 
        
Stage II-III rectal cancer Neoadjuvant radiotherapy No  380 (55.6) 42 (51.1)  Ref 
  Yes  303 (44.4) 41 (48.9)  1.01 (0.60-1.69) 
        
Stage IV colorectal cancer

2 
Targeted therapy No  245 (60.1) 18 (34.7)  Ref 

  Yes  162 (39.9) 34 (65.3)  2.43 (1.20-4.91) 
        
Stage IV colorectal cancer

3
  Bevacizumab No  283 (69.5) 25 (48.1)  Ref 

  Yes  124 (30.5) 27 (51.9)  2.46 (1.26-4.79) 

Abbreviations: OR=odds ratio from multivariable logistic regression with adjustment for sex, age at diagnosis, years of schooling, living with a partner, lifestyle score, 
Charlson comorbidity score, regular use of statins, regular use of nonsteroidal anti‐inflammatory drugs, year of diagnosis, cancer stage, and cancer site; CI= confidence 
interval 

1
Analysis was restricted to years of diagnosis 2005+, as oxaliplatin had not been approved for treatment of stage III colon cancer patients before 2005.  

2
Analysis was restricted to years of diagnosis 2005+, as no patient received targeted therapy before 2005. 

3
Analysis was restricted to years of diagnosis 2005+, as no patient received Bevacizumab before 2005 (patients receiving targeted therapy other than Bevacizumab were 

assigned to the “no group”).  

Statistically significant results are highlighted in bold
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Table 3: Associations of health insurance type with survival stratified by sex, age, year of diagnosis, cancer site, and stage† 

Group  N Overall survival 
 

CRC-specific survival  Recurrence-free survival
3
 

   Event HR (95% CI)
1 

HR (95% CI)
2 

Event HR (95% CI)
1
 HR (95% CI)

2
 N Event HR (95% CI)

1
 HR (95% CI)

2
 

All SHI 3550 1487 Ref. Ref. 
 

858 Ref. Ref.  3027 611 Ref. Ref. 
 PHI 427 150  0.82 (0.69-0.96) 0.97 (0.81-1.16) 

 

98  0.92 (0.75-1.14) 0.97 (0.77-1.21)  368 69 0.93 (0.73-1.20)  0.88 (0.68-1.14) 
      

 

        

Male SHI 2085 896 Ref. Ref. 
 

502 Ref. Ref.  1764 352 Ref. Ref. 
 PHI 289 103 0.79 (0.65-0.97) 0.94 (0.76-1.16) 

 

63 0.87 (0.67-1.14) 0.94 (0.71-1.24)  249 43 0.86 (0.63-1.18) 0.85 (0.61-1.19) 
      

 

        
Female SHI 1465 591 Ref. Ref. 

 

356 Ref. Ref.  1263 259 Ref. Ref. 
 PHI 138 47 0.84 (0.62-1.12) 1.00 (0.73-1.37) 

 

35 1.02 (0.72-1.45) 0.99 (0.68-1.44)  119 26 1.08 (0.72-1.62) 0.91 (0.58-1.40) 
      

 

        

30-69 years SHI 1670 547 Ref. Ref. 
 

392 Ref. Ref.  1393 265 Ref. Ref. 
 PHI 256 71 0.81 (0.63-1.03) 0.79 (0.61-1.03) 

 

55 0.87 (0.66-1.16) 0.76 (0.57-1.03)  214 38 0.92 (0.66-1.30) 0.78 (0.55-1.11) 
      

 

        
70+ years SHI 1880 940 Ref. Ref. 

 

466 Ref. Ref.  1634 346 Ref. Ref. 
 PHI 171 79 0.98 (0.78-1.23) 1.13 (0.89-1.44) 

 

43 1.03 (0.76-1.41) 1.23 (0.89-1.71)  154 31 1.00 (0.69-1.44) 0.99 (0.67-1.46) 
      

 

        

2003-2008 SHI 1771 919 Ref. Ref. 
 

495 Ref. Ref.  1504 351 Ref. Ref. 
 PHI 203 98 0.89 (0.73-1.10) 1.08 (0.87-1.35) 

 

58 0.99 (0.75-1.30) 1.08 (0.80-1.44)  175 42 1.04 (0.76-1.44) 1.03 (0.73-1.45) 
      

 

        
2009-2014 SHI 1779 568 Ref. Ref. 

 

363 Ref. Ref.  1524 260 Ref. Ref. 
 PHI 224 52 0.71 (0.53-0.94) 0.79 (0.59-1.06) 

 

40 0.85 (0.61-1.18) 0.85 (0.60-1.20)  193 27 0.81 (0.54-1.20) 0.72 (0.47-1.09) 
      

 

        

Colon SHI 2236 927 Ref. Ref. 
 

510 Ref. Ref.  1914 353 Ref. Ref. 
 PHI 268 93 0.81 (0.65-1.00) 0.93 (0.75-1.16) 

 

58 0.91 (0.69-1.19) 0.94 (0.71-1.24)  230 41 0.98 (0.71-1.36) 0.96 (0.68-1.35) 
      

 

        
Rectum SHI 1314 560 Ref. Ref. 

 

348 Ref. Ref.  1113 258 Ref. Ref. 
 PHI 159 57 0.82 (0.63-1.08) 0.99 (0.74-1.34) 

 

40 0.95 (0.68-1.32) 0.99 (0.68-1.43)  138 28 0.84 (0.57-1.25) 0.75 (0.50-1.13) 
      

 

        

Stages I-II SHI 1916 564 Ref. Ref. 
 

148 Ref. Ref.  1183 196 Ref. Ref. 
 PHI 222 51 0.77 (0.58-1.03) 0.92 (0.69-1.24) 

 

14 0.85 (0.50-1.46) 0.97 (0.56-1.70)  222 19 0.75 (0.48-1.18) 0.74 (0.47-1.17) 
      

 

        
Stage III SHI 1135 488 Ref. Ref. 

 

300 Ref. Ref.  1124 372 Ref. Ref. 
 PHI 146 49 0.74 (0.55-0.99) 0.96 (0.70-1.33) 

 

35 0.87 (0.61-1.23) 0.89 (0.61-1.29)  146 48 0.99 (0.73-1.34) 0.97 (0.70-1.34) 
      

 

        
Stage IV SHI 503 435 Ref. Ref. 

 

410 Ref. Ref.
 

   /
3
 /

3
 

 PHI 59 50 0.86 (0.64-1.16) 1.01 (0.74-1.39)
  

48 0.89 (0.66-1.20) 1.03 (0.74-1.42)
 

   /
3
 /

3
 

Abbreviations: SHI= statutory health insurance; PHI= private health insurance; HR= hazard ratio; CI= confidence interval; CRC=colorectal cancer 

1
Crude estimates     

2
Adjusted for sex, age at diagnosis, years of schooling, living with a partner, lifestyle score, Charlson comorbidity score, regular use of statins, regular use of nonsteroidal 

anti‐inflammatory drugs, year of diagnosis, and cancer stage and cancer site.  
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3
Analysis of recurrence-free survival was restricted to stage I-III patients. 

†
Estimates are for all years of follow up (statistically significant results are highlighted in bold) 

 


