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Abstract
Purpose To examine the prevalence of comorbidities and the association of these comorbidities with demographics, tumor charac-
teristics, treatments received, overall survival, and causes of death in a population-based cohort of colorectal cancer (CRC) patients.
Methods Adult patients with stage I–III CRC diagnosed between 2004 and 2015 were included. Comorbidities were captured
using Charlson comorbidity index. Causes of death were categorized using International Classification of Diseases, tenth revision
codes. Patients were categorized into five mutually exclusive comorbid groups (cardiovascular disease alone, diabetes alone,
cardiovascular disease plus diabetes, other comorbidities, or no comorbidities). Data were analyzed using descriptive statistics,
Kaplan-Meier survival analyses, and Cox proportional hazards models.
Results There were 12,265 patients. Mean follow-up was 3.8 years. Approximately one third of patients had a least one
comorbidity, with cardiovascular disease and diabetes being most common. There were statistically significant differences across
comorbid groups on treatments received and overall survival. Those with comorbidity had lower odds of treatment and greater
risk of death than those with no comorbidity. Those with cardiovascular disease plus diabetes fared the worst for prognosis
(median overall survival 3.3 [2.8–3.7] years; adjusted HR for death, 2.27, 95% CI 2.0–2.6, p < .001). Cardiovascular disease was
the most common cause of non-CRC death.
Conclusions CRC patients with comorbidity received curative intent treatment less frequently and experienced worse outcomes
than patients with no comorbidity. Cardiovascular disease was the most common cause of non-cancer death.
Implications for Cancer Survivors Management of comorbidities, including healthy lifestyle coaching, at diagnosis and into
survivorship is an important component of cancer care.
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Background

Colorectal cancer (CRC) is the second most commonly diag-
nosed cancer in the developed world [1]. The number of CRC

survivors is expected to grow due to an increased incidence of
CRC and longer term survival in some patients [2]. To plan for
and meet the comprehensive health needs of this growing
number of cancer survivors, the influence of comorbidities
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on outcomes in survivors is increasingly relevant [2, 3].
Although the comorbidities that can affect cancer patients
are highly variable depending on cancer type, age, and how
comorbidities are measured, there is general agreement that
comorbid conditions likely play an important role in overall
outcomes [2].

CRC is frequently diagnosed after the age of 50 years, with
54% of those diagnosed being over the age of 70 years [1].
The prevalence of comorbid medical conditions, most notably
cardiovascular disease and diabetes, also increases with age
[4]. Thus, as our population grows older, it is expected that the
number of CRC patients with comorbidities at diagnosis will
also increase [5]. In addition, causes of death in an aging
population need to be considered in the context of cancer
follow-up care. Cardiovascular and diabetes are among the
leading causes of death, other than cancer [6]. For these rea-
sons, there is an impetus to understand how this changing
health profile will impact patients with CRC during and after
treatment, what changes may need to occur to manage their
care, and what the long-term health burden will be for CRC
survivors.

While some literature exists on the prevalence of comor-
bidities and implications for long-term survivorship in select
tumor types [1–3, 7–9], there is a paucity of research that is
specific to the CRC population. Most studies have evaluated
the impact of overall comorbidity burden using the Charlson
comorbidity index [3, 9, 10] and have not evaluated specific
comorbid conditions that may be more clinically relevant,
such as cardiovascular disease and diabetes. Many studies
are dated from over 10 years ago when treatment for CRC
was different from current guidelines and when comorbidity
profiles may have also been different [9, 11, 12]. Considering
these limitations, the specific objectives of this research were:

1. To determine the prevalence of comorbidities by clinically
relevant groups for patients with CRC

2. To describe the association of different comorbidities with
demographics, tumor characteristics, treatments received,
and overall survival

3. To examine non-cancer causes of death

We hypothesized that CRC patients with comorbidmedical
conditions would have significantly worse outcomes than pa-
tients with CRC and no comorbid medical conditions.

Methods

We undertook a population-based study using provincial can-
cer registry and administrative data to define a cohort of adults
diagnosed with CRC between January 1, 2004 and December
31, 2015, with follow-up to May 31, 2017. The cohort includ-
ed adults aged 18 years or older from the province of Alberta,

Canada. The population-based provincial cancer system (with
tertiary and regional centers) is a part of Canada’s publicly
funded healthcare system, and thus, it represents the sole pro-
vider of cancer care in the province. Patients were included if
they had stage I-III CRC and had complete comorbidity infor-
mation. This study received approval from the Health
Research Ethics Board of Alberta (HREBA.CC-17-0034-
REN1). Study findings are reported according to
Strengthening of the Reporting of Observational Studies in
Epidemiology (STROBE) guidelines [13] (see Appendix 4).

Data sources and variables

Data from Alberta Health Services and Cancer Control
Alberta repositories were used to define demographic and
clinical variables. Demographic data included age at diagnosis
and sex. Racial data and income status were not included in
this dataset; however, more than 85% of the Alberta popula-
tion isWhite [14] and the median income range between 2004
and 2015 was $87,000–$115,000 [15]. Cancer stage was cod-
ed using the Collaborative Staging System to derive American
Joint Commission on Cancer (AJCC) Tumor NodeMetastasis
(TNM) stage [16]. Initial cancer treatment was obtained from
Alberta Health Services pharmacy records.We divided type of
treatment into three distinct categories: those who received
surgery alone, those who received surgery plus some adjuvant
treatment (either chemotherapy, radiation therapy, or both),
and those who received non-curative treatment. Vital statistics
at last contact with the healthcare system was coded as alive,
confirmed deceased, or non-confirmed deceased. Patients
were followed until death or end of study.

Comorbidities

Comorbidities were identified from inpatient hospital data and
physician billing claims by using the Charlson comorbidity
index (CCI) and included conditions diagnosed within
6 months prior to or after cancer diagnosis. This 1-year win-
dow for capturing comorbidities has been demonstrated to be
a valid time frame in prior studies and represents the most
commonly used definition [17]. The CCI is a widely used
comorbidity classification system and has been broadly ap-
plied to cancer populations [3, 11, 12]. We used the Deyo
adaptation of the CCI [18].

Patients were subsequently assigned to one of five mutual-
ly exclusive comorbid groups. These comorbid groups were
determined based on the frequency of comorbidities in the
present cohort and their clinical relevance to inform compre-
hensive survivorship care. Current standard chemotherapeutic
treatments (fluorouracil and oxaliplatin) and medications to
manage side effects from these treatments (steroids) have
cardiotoxic, hematological, and endocrine side effects
[19–21] that are particularly relevant to patients with pre-
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existing cardiovascular disease and diabetes. Thus, we opted
to focus on cardiovascular disease and diabetes.

Patients were grouped into the following mutually exclu-
sive groups: (1) those with cardiovascular disease including
myocardial infarction, congestive heart failure, peripheral vas-
cular disease, or cerebrovascular disease; (2) those with dia-
betes including diabetes with no complications and diabetes
with complications; (3) those with both cardiovascular disease
and diabetes; (4) those with non-cardiovascular and non-
diabetes comorbidities including dementia, chronic obstruc-
tive pulmonary disease, connective tissue disorders, peptic
ulcer disease, paraplegia, renal disease, mild or severe liver
disease, and HIV/AIDS; and (5) those with no comorbidities.

Cause of death

Cause of death was captured using the International
Classification of Diseases, tenth revision (ICD-10) codes
[22]. Patients were categorized into death due to colorectal
cancer (ICD-10 codes C18-C20), non-colorectal cancer cause
of death (ICD-10 codes A00-Y98, excluding C18-C20), or
unknown cause of death. See supplementary Table 1 for com-
plete ICD-10 coding categories.

Statistical analysis

Descriptive statistics (means, standard deviations, or frequencies)
were used to characterize demographic, clinical, and comorbidity
data and to examine for differences between the five comorbid
groups. The t test, chi-squared test, one-way ANOVA, or
Fisher’s exact test were used to evaluate for group differences.

To compare survival across comorbidity groups, we used
Kaplan-Meier method and Cox Proportional hazards regres-
sion models. Statistical significance for all Kaplan-Meier plots
was determined used the log rank test.

Multivariate Cox proportional hazard regression was per-
formed to examine the effect of comorbidity on survival
(unadjusted) and then adjusted for age at diagnosis, sex, year of
diagnosis, type of initial treatment received, type of cancer (co-
lon, rectum or rectosigmoid), and cancer stage. The proportional
hazards assumption was checked by examining log-minus-log
survival plots and plots of partial Schoenfeld residuals [23]. One
covariate, year of diagnosis, violated the proportional hazards
assumption and was removed from our final model. Statistical
analyses of data were performed using IBM Statistical Package
for Social Sciences software (IBM SPSS) version 23.0.

Results

We identified 12,265 participants for our analysis. Descriptive
statistics are detailed in Table 1. The majority had colon can-
cer (61.81%), and the median age at diagnosis was 68 years.

There were more men (56.17%) than women (43.83%). For
those with stage I disease (33.63%), surgery alone was the
most common treatment (94.34%), whereas 70.25% of those
with stage II disease received surgery alone and 25.30% re-
ceived surgery plus adjuvant treatment, 27.35% with stage III
disease received surgery alone, and 69.33% received surgery
plus adjuvant treatment. Approximately one third of patients
had at least one comorbidity, with 16.40% having a weighted
CCI score of 2 or greater. The most common comorbidities
were cardiovascular disease and diabetes.

Comorbidity subgroups

Of the 12,265 patients, 1153 (9.40%) were classified into car-
diovascular disease alone, 1711 (13.95%) diabetes, 515
(4.20%) diabetes and cardiovascular disease, 1141 (9.30%)
non-cardiovascular and non-diabetes comorbidities, and 7745
(63.15%) no comorbidities. Patients in the cardiovascular dis-
ease alone as well as the cardiovascular disease plus diabetes
groups were older (median age 77 and 76 years, respectively)
compared to thosewith no comorbidities (median age 65 years).
There were also statistically significant differences across the
comorbid groups in terms of stage of disease at initial diagnosis
and the types of treatments received. For example, 31.37% of
stage II patients in the no comorbidities group were treated with
surgery plus adjuvant treatment, while less than 20% of patients
in all of the other groups received the same treatment. Likewise,
surgery and adjuvant treatment were given to 37.56 and
31.61% of stage III patients in the cardiovascular disease and
cardiovascular disease plus diabetes groups, respectively, com-
pared to 78.26% in the no comorbidities group (Table 2).

Survival analysis by subgroups

Unadjusted overall survival for the cohort was 8.58 years (95%
CI, 8.28–8.88) with a mean follow-up of 45.80 months. Median
survival between the five groups was statistically significantly
different (p < .001) (Fig. 1). The cardiovascular disease plus di-
abetes group had the worst median overall survival (3.25 years,
95% CI, 2.76–3.73), followed by the cardiovascular disease
group (4.16 years, 95% CI 3.63–4.70), the other comorbidities
group (6.00 years, 95% CI, 5.33–6.67), the diabetes group
(7.25 years, 95% CI, 6.7–7.8), and the no comorbidities group
(10.75 years, 95% CI 10.36–11.14). We further divided the dia-
betes group into those with complications (n = 1195) and those
without complications (n = 516) (as classified by Charlson). The
Kaplan-Meier survival curves followed a similar pattern and
statistically significant differences were found between the
groups (p < .001). Patients who had diabetes and complications
had worse median overall survival (4.80 years, 95% CI 4.11–
5.55) compared to thosewithuncomplicateddiabetes (8.33years,
95% CI 7.47–9.19) (see Fig. 1, supplementary material). The
Kaplan-Meier survival plot in the subset of patients with a
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minimum of 2 years of follow-up showed similar overall surviv-
al patterns to those with any length of follow-up, where the
cardiovascular disease plus diabetes group continued to fare
the worst while the no comorbidities group continued to experi-
ence the longest median overall survival (data not shown). We
also generated Kaplan-Meier survival curves to examine differ-
ences in survival in stage III disease between those treated with
surgery plus adjuvant treatment compared to those not treated
with surgery plus adjuvant treatment for each of the five comor-
bid subgroups. We found statistically significant differences in
overall survival, with surgery plus adjuvant treatment patients
having better survival, regardless of the comorbidity group (see
Figs. 2–6, supplementary material).

We also used unadjusted and adjusted Cox proportional
hazard ratio models to compare risk of death between the
comorbid groups (Table 3). We found an almost 4-fold higher
risk of death for patients with cardiovascular disease plus di-
abetes, compared to those with no comorbidities (unadjusted
hazard ratio [HR] 3.63, 95% CI 3.23–4.10). Similarly, all co-
morbid groups had a statistically significant increased risk of
death compared to the no comorbidities group. After adjusting
for age at diagnosis, sex, cancer site (colon, rectum, or
rectosigmoid), treatment type, and stage, those in any of the
comorbid groups had a statistically significant increased risk
of death compared to those with no comorbidities.

Causes of death by subgroups

There were also differences across the comorbidity groups
with respect to vital status and causes of death (Table 4).
More patients in the no comorbidities group were alive
(76%) at the end of the study compared to any other group.
Those who died more often from CRC compared to non-CRC
causes were in the no comorbidities group and diabetes group.
For all the other groups, a larger percentage died from non-

Table 1 Demographic, clinical, and comorbidity characteristics of
cohort (n = 12,265)

No. of patients 12,265

Colon, % (n) 61.81 (7582)

Rectosigmoid, % (n) 9.80 (1202)

Rectum, % (n) 28.38 (3481)

Age at diagnosis

Median (interquartile range) 68.0 (49–87)

Age at diagnosis, % (n)

< 60 27.72 (3400)

> 60 72.27 (8865)

Gender, % (n)

Men 56.17 (6889)

Women 43.83 (5376)

Initial cancer stage (collaborative stage)

Stage I, % (n) 27.53 (3377)

Type of initial treatment, % (n) of stage I

Surgery alone 94.34 (3186)

Surgery + adjuvant treatment
(chemotherapy or radiation or both)

1.98 (67)

Other (no treatment, or radiation only,
chemotherapy only, or chemoradiation only)

3.67 (124)

Stage II, % (n) 33.63 (4125)

Type of initial treatment, % (n) of stage II

Surgery alone 70.25 (2898)

Surgery + adjuvant treatment
(chemotherapy or radiation or both)

25.30 (1044)

Other (no treatment, or radiation only,
chemotherapy only, or chemoradiation only)

4.45 (183)

Stage III, % (n) 38.83 (4763)

Type of initial treatment, % (n) of stage III

Surgery alone 27.35 (1303)

Surgery + adjuvant treatment
(chemotherapy or radiation or both)

69.33 (3302)

Other (no treatment, or radiation only,
chemotherapy only, or chemoradiation only)

3.32 (158)

Patients with at least one comorbidity, % (n) 24.57 (3014)

Patients with no comorbidities, % (n) 63.15 (7745)

No. of comorbidities

Mean 0.55

Range (SD) 0–7

Charlson comorbidity index score, % (n)

0 63.15 (7745)

1 20.45 (2508)

2 8.23 (1009)

3 or more 8.17 (1003)

Comorbidities (% (n) of cohort)

Cardiovascular disease (CV) 9.40 (1153)

Diabetes 13.95 (1711)

CVand diabetes combined 41.19 (515)

Non-CVor diabetes comorbidities 9.30 (1141)

Dementia* 1.21 (148)

COPD* 5.52 (678)

Connective tissue disorders* 0.65 (80)

Table 1 (continued)

Peptic ulcer disease* 0
Mild liver disease* 0.95 (116)
Paraplegia* 0.11 (14)
Renal disease* 1.44 (177)
Severe liver disease* 0.21 (26)
HIV* 0.03 (4)

Vital status at last contact, % (n)
Alive 67.68 (8301)
Deceased non-confirmed 2.81 (345)
Deceased due to CRC 16.79 (2060)
Deceased due to other causes 12.71 (1559)

Cardiovascular disease (CV) includes Charlson comorbidities: MI, CHF,
peripheral vascular disease, and cerebrovascular disease. Diabetes in-
cludes Charlson comorbidities: diabetes—no complications,
diabetes—with complications

*The percentage of patients with these comorbidities is higher than the
total for non-CVor diabetes comorbidities group as patients may have
multiple morbidities
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CRC causes than they did from their CRC. The most common
causes of non-CRC death included diseases of the cardiovas-
cular system (ischemic heart disease, hypertensive diseases,
and cerebrovascular disease), other solid and hematological
malignancies, respiratory system disorders, and diseases of
the digestive system. A detailed list of causes of death is found
in supplementary Table 2.

Discussion

We conducted a population-based cohort study of CRC pa-
tients to examine the prevalence and effect of comorbidities on
outcomes and to characterize the causes of death in this pop-
ulation. Our study adds novel findings to the current literature
for many reasons, including its large cohort size, its inclusion

Table 2 Descriptive statistics of study cohort categorized by comorbid groups (n = 12,265)

CV disease
(group 1)

Diabetes
(group 2)

CVand diabetes
(group 3)

Non-CVor diabetes
comorbidities
(group 4)

No comorbidities
(group 5)

Stat sig.

No. of patients 1153 1711 515 1141 7745 p < .001

Colon 70.77 (816) 64.75 (1108) 68.73 (354) 65.91 (752) 58.77 (4552)

Rectosigmoid 7.46 (86) 9.29 (159) 7.96 (41) 9.03 (103) 10.49 (813)

Rectum 21.76 (251) 25.95 (444) 23.30 (120) 25.06 (286) 30.73 (2380)

Age at diagnosis p < .001

Median 77 71 76 73 65

Interquartile range 63–91 55–87 62–88 56–90 45–85

Age at diagnosis, % (n) p < .001

< 60 8.32 (96) 16.36 (280) 7.18 (37) 17.00 (194) 36.06 (2793)

> 60 91.67 (1057) 83.63 (1431) 92.82 (478) 83.00 (947) 63.93 (4952)

Gender, % (n) p < .001

Men 59.75 (689) 62.30 (1066) 66.21 (341) 52.41 (598) 54.16 (4195)

Women 40.24 (464) 37.69 (645) 33.78 (174) 47.59 (543) 45.84 (3550)

Initial cancer stage, % (n)

Stage I 23.42 (270) 27.53 (471) 25.05 (129) 25.42 (290) 28.63 (2217) p < .001

Treatment type p < .001

Surgery alone 90.37 (244) 96.18 (453) 86.05 (111) 89.31 (259) 95.49 (2119)

Surgery + adjuvant treatment
(chemotherapy or radiation therapy or both)

1.11 (3) 1.91 (9) 3.10 (4) 2.76 (8) 1.94 (43)

Other (no treatment, or radiation only,
chemotherapy only, or chemoradiation only)

8.52 (23) 1.91 (9) 10.85 (14) 7.93 (23) 2.48 (55)

Stage II 41.02 (473) 33.48 (573) 37.47 (193) 37.42 (427) 31.73 (2458) p < .001

Treatment type p < .001

Surgery alone 79.91 (378) 75.74 (434) 82.90 (160) 75.17 (321) 65.29 (1605)

Surgery + adjuvant treatment
(chemotherapy or radiation therapy
or both)

14.17 (67) 19.19 (110) 8.81 (17) 18.50 (79) 31.37 (771)

Other (no treatment, or radiation only,
chemotherapy only, or chemoradiation only)

5.92 (28) 5.06 (29) 8.29 (16) 6.32 (27) 3.38 (83)

Stage III 35.59 (410) 38.98 (667) 37.47 (193) 37.07 (423) 39.56 (3064) p < .001

Treatment type p < .001

Surgery alone 55.61 (228) 30.58 (204) 64.25 (124) 37.58 (159) 19.19 (588)

Surgery + adjuvant treatment (chemotherapy
or radiation therapy or both)

37.56 (154) 66.72 (445) 31.61 (61) 57.68 (244) 78.26 (2398)

Other (no treatment, or radiation only,
chemotherapy only, or chemoradiation
only)

6.83 (28) 2.69 (18) 4.15 (8) 4.97 (21) 2.71 (83)

Vital status at last contact, % (n) p < .001

Alive 40.76 (470) 66.92 (1145) 37.86 (195) 53.28 (608) 75.96 (5883) p < .001

Deceased non-confirmed 4.59 (53) 3.97 (68) 3.30 (17) 4.03 (46) 2.11 (163)

Deceased due to CRC 24.80 (286) 16.01 (274) 25.44 (131) 20.68 (236) 14.63 (1133) p < .001

Deceased due to other causes 29.83 (344) 13.09 (224) 33.39 (172) 21.99 (251) 7.31 (566) p < .001
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of patients treated according to most recent guidelines, and its
focus on specific and clinically relevant comorbidities.

We observed that over one third of patients had at least a
comorbidity, with cardiovascular disease and diabetes being the
most prevalent. These results are consistent with recent Canadian
population statistics that cite 29.2% of those aged 20 years or
older have at least one chronic disease [24], with the most com-
mon in the general population being cardiovascular diseases,

cancer, chronic respiratory diseases, and diabetes. Our findings
are also similar when compared to prior studies on the preva-
lence of comorbidities in CRC [9, 11, 25–27]. Prevalence rates
have been documented as low as 23.3% to as high as 43% in the
CRC population depending on country and age of the cohort
being studied. The most common comorbidities cited in these
studies include cardiovascular disease, cerebrovascular disease,
chronic pulmonary disease, and diabetes [11, 26].

Fig. 1 Unadjusted Kaplan-Meier survival plot by comorbid group. Log rank test p < .001

Overall Survival in years (95% CI) 8.58 (8.28-8.88)

Median Survival in years (95% CI)

Comorbid Group

No Comorbidity 10.75 (10.36-11.14)

CV disease 4.16 (3.63-4.70)

Diabetes 7.25 (6.70-7.80)

CV disease plus Diabetes 3.25 (2.76-3.73)

Other comorbidities 6.00 (5.33-6.67)
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The presence of comorbidities and the burden of comorbid
diseases in relation to treatment and outcomes have been in-
frequently described in the setting of CRC. In this study, we
noted differences in the type and amount of treatment received
based on the presence of comorbidities. Across all stages, for
example, those with cardiovascular disease or cardiovascular
disease plus diabetes were less likely to receive guideline-
concordant treatment. In our cohort, only 37.6% of stage III
patients with cardiovascular disease and 31.7% of patients
with cardiovascular disease plus diabetes received the recom-
mended treatment. Similar patterns of undertreatment among
patients with comorbidities have been reported [28–32].
While some studies have attributed undertreatment to the
combined effects of comorbidities and advanced age [32], it
has also been demonstrated that comorbidities alone are asso-
ciated with undertreatment [28, 31].

The undertreatment of CRC patients with comorbidities is
complex and driven by multiple potential factors including
physician discretion [33, 34], patient preferences [2, 35], and
lack of information from randomized controlled trials about
the effectiveness of treatments in diverse populations (older,
racial minorities, or those with comorbidities) [2, 3]. Although
there may be concerns that comorbid patients could suffer
more toxicities and experience worse quality of life if treated
aggressively, little data exist to substantiate this claim [2, 32].
In addition, some research has shown that patients with high
comorbidity burden can still tolerate treatment well [30–32,

36] and stand to gain survival benefits from receiving guide-
line concordant treatment [32]. While it can be challenging to
understand the nuances underlying the treatment versus co-
morbidity relationship, it is important to recognize that comor-
bidities alone may not always be a clinically appropriate rea-
son for undertreatment. As shown in our study, the type of
comorbidity rather than comorbidity burden may be important
to consider. However, further research comparing the relative
importance of overall comorbidity burden versus specific co-
morbid conditions is required to substantiate this finding.

We also observed that patients with any type of comorbid-
ity had decreased overall survival when compared to those
with no comorbidities. In addition, those patients with cardio-
vascular disease or cardiovascular disease plus diabetes had
the worst survival. While our findings are consistent with
previous research on the general association between comor-
bidities and worse survival in CRC patients, some important
distinctions should be noted [9, 11, 32, 37]. Iversen et al. [9]
demonstrated that CCI scores of 1 or greater were associated
with higher overall mortality rates in Danish CRC patients,
but they did not examine specific comorbid conditions. Sarfati
et al. [31] and Erichsen et al. [11] demonstrated that those with
specific comorbid conditions (cardiovascular, cerebrovascu-
lar, renal, diabetes, and neurological diseases) had the highest
adjusted hazard ratios for all cause and cancer specific mor-
tality, but these studies included populations dating back to
1995. Thus, our findings continue to demonstrate the added

Table 3 Unadjusted and
multivariate Cox
proportional hazards
analysis in CRC cohort
(n = 12,265)

Variable Unadjusted HR 95% CI p Adjusted* HR 95% CI p

Comorbid group

No comorbidities (referent) 1 (reference) 1 (reference)

CV disease 2.96 2.71–3.23 p < .001 1.90 1.71–2.05 p < .001

Diabetes 1.62 1.48–1.78 p < .001 1.33 1.21–1.46 p < .001

CV plus diabetes 3.63 3.23–4.10 p < .001 2.27 2.02–2.56 p < .001

Other comorbidities 2.12 1.98–2.33 p < .001 1.61 1.46–1.78 p < .001

Age at diagnosis 1.05 1.04–1.05 p < .001

Sex

Female (referent) 1.0

Male 1.04 0.97–1.10 p = .26

Cancer site

Rectum (referent) 1.0

Colon 0.89 0.82–0.96 p = .003

Rectosigmoid 0.95 0.84–1.07 p = .36

Treatment type

Other treatment (referent) 1.0

Surgery alone 0.20 0.17–0.22 p < .001

Surgery + adjuvant treatment 0.12 0.10–0.13 p < .001

Stage

Stage III (referent) 1.0

Stage II 0.52 0.48–0.56 p < .001

Stage I 0.36 0.32–0.39 p < .001

J Cancer Surviv (2018) 12:733–743 739



Ta
bl
e
4

C
au
se
s
of

de
at
h
ca
te
go
ri
ze
d
by

co
m
or
bi
di
ty

gr
ou
p
in

C
R
C
co
ho
rt
(n
=
12
,2
65
)

To
ta
lc
oh
or
t

C
V
di
se
as
e

D
ia
be
te
s

C
V
an
d
di
ab
et
es

N
on
-C
V
or

di
ab
et
es

co
m
or
bi
di
tie
s

N
o

co
m
or
bi
di
tie
s

S
ta
ts
ig
.

To
ta
lc
oh
or
t

12
,2
65

11
53

17
11

51
5

11
41

77
45

p
<
.0
01

Pe
rc
en
ta
ge

of
co
ho
rt
s
di
ed

(n
)

32
.3
2
(3
96
4)

59
.2
4
(6
83
)

33
.0
8
(5
66
)

62
.1
3
(3
20
)

46
.7
1
(5
33
)

24
.0
4
(1
86
2)

p
<
.0
01

M
ea
n
fo
llo

w
-u
p
in

m
on
th
s
(r
an
ge
,S

D
)

45
.8
0
(0
–1
59
,3
6.
2)

40
.6
0
(0
–1
45
,3
6)

41
.0
0
(0
–1
55
,3
3.
2)

34
.5
0
(0
–1
37
,3
2.
6)

43
.8
0
(0
–1
57
,3
6)

48
.6
0
(0
–1
59
,3
6.
7)

p
<
.0
01

A
liv

e
(r
an
ge
,S

D
)

49
.5
0
(0
–1
59
,3
6.
7)

51
.4
0
(0
–1
32
,3
6)

43
.3
0
(0
–1
43
,3
4)

42
.3
0
(0
–1
37
,3
5.
9)

51
.4
0
(0
–1
52
,3
6.
6)

50
.5
0
(0
–1
59
,3
7.
2)

p
<
.0
01

D
ec
ea
se
d

37
.9
0
(0
–1
57
,3
7.
9)

33
.1
0
(0
–1
45
,3
4)

36
.5
0
(0
–1
55
,3
2.
4)

29
.7
0
(0
–1
34
,2
9.
6)

35
.1
0
(0
–1
57
,3
3.
5)

42
.2
0
(0
–1
53
,3
4.
3)

p
<
.0
01

C
au
se

of
de
at
h,
%

(n
)
of

th
os
e
de
ce
as
ed

p
<
.0
01

C
ol
or
ec
ta
lm

al
ig
na
nc
y

51
.9
6
(2
06
0)

41
.8
7
(2
86
)

48
.4
1
(2
74
)

40
.9
4
(1
31
)

44
.2
8
(2
36
)

60
.8
5
(1
13
3)

N
on
-C
R
C
ca
nc
er

ca
us
es

of
de
at
h

39
.3
3
(1
55
9)

50
.3
7
(3
44
)

39
.5
8
(2
24
)

53
.7
5
(1
72
)

47
.0
9
(2
51
)

30
.3
9
(5
66
)

U
nk
no
w
n
ca
us
e
of

de
at
h

8.
70

(3
45
)

7.
76

(5
3)

12
.0
1
(6
8)

5.
31

(1
7)

8.
63

(4
6)

8.
75

(1
63
)

C
la
ss
if
ic
at
io
n
of

no
n-
ca
nc
er

de
at
hs

by
IC
D
-1
0
co
de
s

p
<
.0
01

M
al
ig
na
nt

N
eo
pl
as
m
s
(C
00
-D

48
ex
ce
pt

co
lo
re
ct
al
pr
im

ar
y)

14
.2
4
(2
22
)

6.
98

(2
4)

11
.1
6
(2
5)

7.
56

(1
3)

9.
96

(2
5)

23
.8
5
(1
35
)

D
is
ea
se
s
of

th
e
C
ir
cu
la
to
ry

sy
st
em

(I
00
-I
99
)

43
.5
5
(6
79
)

56
.6
8
(1
95
)

42
.4
1
(9
5)

53
.4
9
(9
2)

29
.8
8
(7
5)

39
.2
2
(2
22
)

D
is
ea
se
s
of

th
e
R
es
pi
ra
to
ry

sy
st
em

(J
00
-J
99
)

13
.0
2
(2
03
)

16
.2
7
(5
6)

8.
48

(1
9)

9.
88

(1
7)

23
.9
0
(6
0)

9.
01

(5
1)

D
is
ea
se
s
of

th
e
di
ge
st
iv
e
sy
st
em

(K
00
-K

93
)

5.
90

(9
2)

4.
94

(1
7)

9.
38

(2
1)

3.
49

(6
)

7.
57

(1
9)

5.
12

(2
9)

A
ll
ot
he
rs
co
m
bi
ne
d
(A

00
-B
99
,D

50
-D

89
,

E
00
-E
90
,F

00
-F
99
,G

00
-G

99
,L

00
-L
08
,

M
00
-M

99
,N

00
-N

99
,Q

00
-Q

99
,R

00
-R
99
,

V
01
-Y

98
)

23
.2
8
(3
63
)

15
.1
2
(5
2)

28
.5
7
(6
4)

29
.0
1
(5
0)

28
.6
9
(7
2)

22
.7
9
(1
29
)

740 J Cancer Surviv (2018) 12:733–743



risk of death in CRC patients with comorbidity and highlight
the specific comorbidities that are important to consider for
clinical practice and future research.

The mechanisms for increased mortality in cancer patients
with comorbid diseases are likely multifactorial. As suggested
by Sogaard [3] and Sarfati [2], factors such as undertreatment
of cancer, the deleterious effects of multiple concurrent dis-
eases, the direct and indirect effects of cancer on the chronic
diseases, and the effects of the chronic diseases on the cancer
biology could explain the relationship. While our findings
largely corroborate previous research on undertreatment in
CRC patients with comorbid diseases, this represents one of
the few studies to specifically highlight that patients with car-
diovascular disease plus diabetes were most likely to be
undertreated when compared to other comorbidities. Our find-
ings also demonstrate worse overall survival in this subgroup
of patients.

Further, we found that cardiovascular disease was the most
common non-CRC cause of death, even in those patients with-
out cardiovascular disease at diagnosis. Cardiovascular disease
has been noted as the leading cause of non-cancer death in CRC
patients in other studies [38–40]. The percentage of CRC pa-
tients dying from cardiovascular disease in our study was
higher compared to the general Canadian population. Recent
population statistics show that 21.1% of Canadians aged 65–
75 years died from heart and cerebrovascular disease in 2015
[6]. With increasing age, between 75 and 84 years, the percent-
age of Canadians dying from these same diseases increased
slightly to 26% [6], but this is still lower than our CRC cohort.

The reasons for this high rate of cardiovascular disease
related deaths in CRC patients are unclear and our findings
may not directly address this issue, but there is emerging ev-
idence of shared biological (inflammation and oxidative
stress) and lifestyle factors (obesity, tobacco, diet, alcohol
consumption, and inactivity) between cardiovascular disease
and cancer [41]. There is also a growing body of data of the
synergistic effects of comorbidity and cancer, which can wors-
enmortality in CRC patients [11]. In addition, it is well known
that cancer treatment can have cardiotoxic effects, but long-
term studies on the incidence of cardiovascular disease among
CRC survivors and the impacts of cancer treatments on pre-
existing cardiac comorbidity are lacking [2, 42]. Finally, there
is very limited evidence for the optimal management of co-
morbid cardiac disease while CRC patients are undergoing
treatment as well as during survivorship [42].

Strengths and limitations

Our findings should be considered in light of several limita-
tions. This is an observational study, and thus, it does not
provide evidence of causation. We did not evaluate treatment
completion rates due to lack of data availability, and thus, we
were unable to adjust for this in our survival analyses. In

addition, we used administrative data to capture comorbidity
status which may lead to misclassification. Moreover, we only
searched for comorbidities coded within 6 months (before or
after) of diagnosis and therefore we did not have data about
changes to existing comorbidities (e.g. worsening of diabetes
or cardiovascular disease). While this time frame has been
previously demonstrated to be appropriate for modeling mor-
tality and is most commonly used [17], it is important to note
that there remains a potential risk of bias since some patients
may have had comorbid conditions beyond this time window.
While some limitations of the CCI have been noted in other
studies [43, 44], this index is the most widely used and thus
comparable across studies. It is important to note that this
index may not capture other clinically relevant diseases in
the CRC population including mental illnesses.

The above limitations should be weighed against the
study’s many strengths, including its large sample size and
population-based context. The time frame of the study
(2004–2015) also meant that we captured recent systemic
therapeutic agents as well as a long follow-up period with
minimal missing data elements.

Conclusions, clinical implications, and future
directions

To effectively manage complex cancer patients, such as those
with comorbidities, we must have the ability to identify those
at higher risk for short and long-term adverse outcomes, those
who may need multidisciplinary care, and those who require
targeted approaches to optimize their overall health and
wellbeing [45]. Our findings indicate that those diagnosed
with CRC and concomitant cardiovascular disease or diabetes,
or both, have inferior cancer treatments and worse outcomes.
Given that the management of future CRC patients will most
likely occur in healthcare systems that are already facing
constrained resources, we believe that better preparation to
accommodate the increasing number of comorbid cancer sur-
vivors is essential. In addition, reasons for undertreatment in
the comorbid population should be more thoroughly investi-
gated. The management of comorbidities in CRC should start
at diagnosis and be ongoing into survivorship. The early en-
gagement of multidisciplinary and/or non-cancer specialist
providers to address cardiovascular disease and diabetes could
lead to more optimal coordination and delivery of appropriate
cancer and non-cancer care. As has been noted in previous
studies [2, 40, 42], there should be targeted interventions or
programs to support lifestyle management and healthy behav-
iors in the CRC population, even in those without comorbid-
ities at baseline, given their increased risk of dying from non-
cancer causes. An appropriate model of cancer survivorship
care that considers and incorporates comprehensive preven-
tion and management of comorbidities is strongly warranted.
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