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Abstract
Background: Patients with colorectal cancer (CRC) commonly present at an older age with multiple comorbid conditions and complex care 
needs at the time of diagnosis. Clusters of comorbid conditions, or profiles, have not been systematically identified in this patient popula-
tion. This study aimed to identify clinically distinct comorbidity profiles in a large sample of patients with CRC from an integrated health-
care system, and to examine the effect of comorbidity profiles on treatment and survival. Methods: In this retrospective cohort study, we 
used latent class analysis (LCA) to identify comorbidity profiles in a sample of 7,803 patients with CRC diagnosed between 2008 and 2013. 
We identified treatment received from electronic health records and used Cox proportional hazards analysis to examine the effect of co-
morbidity class on survival. We also examined the effect of comorbidity profile on receipt of guideline-recommended treatment. Results: 
Median age at diagnosis was 66 years, 52% of patients were male, and 48% were nonwhite. A plurality had stage 0–I disease (42%), with 
22% stage II, 22% stage III, and 14% stage IV. More than half (59%) had ≤1 comorbid condition, whereas 19% had ≥4 comorbidities. LCA 
identified 4 distinct comorbidity classes. Classes were distinguished by the presence or absence of vascular and/or respiratory disease and 
diabetes with complications, as well as progressively greater Charlson comorbidity index scores. Comorbidity class was independently as-
sociated with treatment selection (P<.001) and survival (P<.001). Conclusions: Patients with CRC can be described by 4 distinct comorbidity 
profiles that are independent predictors of treatment and survival. These results provide insight into how comorbidities cluster within pa-
tients with CRC. This work represents a shift away from simple counting of comorbid conditions and toward a more nuanced understanding 
of how comorbidities cluster within groups of patients with CRC.
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Colorectal cancer (CRC) is the third most common 
cancer diagnosed in the United States.1 Approximately 
140,000 new CRC cases were diagnosed in 2016, and 
there are currently more than 1 million survivors.1 
These numbers will continue to increase due to advanc-
es in cancer detection and treatment, as well as the ag-
ing of the population.2,3 This increasing patient popula-
tion, with a mean age at diagnosis of 69 years, frequently 
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presents with multiple comorbid conditions and com-
plex care needs at the time of diagnosis. A recent study 
found that almost half of patients with colon cancer had 
≥3 comorbidities, and patients with co-occurring diabe-
tes spent more resources on medical treatment than any 
other group, excluding select patients with lung cancer.4 
Additionally, evidence suggests older patients and those 
with a higher burden of comorbidity are less likely to re-
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ceive and complete standard cancer treatments (eg, 
surgery, chemotherapy, radiation) and have lower 
rates of overall survival (OS).5–12 

Effectively managing CRC treatment in patients 
with comorbid conditions is an important clinical  
issue. Determining how comorbid conditions cluster 
together, impact treatment selection, and ultimate-
ly influence prognosis in CRC is a critically under-
studied area. Studies have documented comorbid-
ity index scores or the impact of a single comorbid 
condition (eg, diabetes) on treatment and survival 
for patients with CRC13–15; however, few if any have 
examined the impact of clusters of co-occurring co-
morbid conditions on treatment and OS. The objec-
tives of this study were to identify clinically distinct 
comorbidity subgroups in patients with CRC from a 
large integrated healthcare system and to examine 
the effect of these subgroups on treatment selection 
and OS, addressing our a priori hypothesis that exist-
ing structured data can be used to determine if and 
how certain comorbid conditions cluster among pa-
tients with CRC. In addition, we examined the re-
lationship between comorbidity clusters, treatment 
selection, and survival.

Methods
Setting
We performed a retrospective, observational cohort 
study using longitudinal data from Kaiser Perman-
ente Southern California (KPSC), a large integrated 
healthcare system providing care to more than 4.2 
million members. KPSC clinicians provide care at 
14 medical centers across the region, and have a 
comprehensive Epic-based electronic health record 
(EHR) system, implemented in 2007. KPSC mem-
bership is ethnically and economically diverse, and 
is similar to the general population of Southern Cali-
fornia.16 This study was approved by the KPSC Insti-
tutional Review Board (IRB# 10458). 

Patients
We identified patients diagnosed with first CRC 
occurrence (ICD-9 codes 153–154.1) between 
January 1, 2008, and December 31, 2013, from 
the KPSC cancer registry, a SEER-affiliated regis-
try. We restricted the sample to patients aged ≥18 
years at diagnosis; those diagnosed between the 
ages of 18 and 64 years were included in order to 

include the comorbidity profiles of younger patients 
and to explore the potential influence of comor-
bidity on their treatment and survival, given that 
most existing studies focus on those diagnosed at 
age >65 years. We excluded patients with missing 
or unknown cancer stage, duplicate records, and 
nonanalytic cases (Figure 1). Nonanalytic cases are 
defined as patients who did not receive their cancer 
diagnosis and first course of treatment at KPSC. Pa-
tients who had KPSC membership but zero record-
ed physician visits before the date of CRC diagnosis 
were also excluded. 

Data Sources and Variables
Variables from the KPSC tumor registry data includ-
ed age at diagnosis, stage of disease (AJCC stage), 
histology, and treatment types. Available treat-
ment data included receipt of chemotherapy (yes/
no), receipt of radiation (yes/no), and surgical type, 
in accordance with SEER reporting standards. De-
tailed treatment data, such as adjuvant/neoadjuvant 
chemotherapy, were not available. The KPSC EHR 
provided sociodemographic variables including date 
of birth, sex, race/ethnicity, body mass index (BMI), 
marital status, insurance type, and education and in-
come (geo-coded at the census block or block group 
when available). Comorbid conditions were cap-
tured from the EHR by using the Deyo adaptation 
of the Charlson comorbidity index (DaCCI), which 
provides a standardized list of ICD diagnostic codes 
(ICD-9) that define each comorbid condition. We 
included ICD-9 codes that appeared at least once up 
to 4 years before the CRC diagnosis17–19 to capture 
comorbid conditions with high sensitivity. We se-
lected the DaCCI for its broad generalizability and 
ability to be replicated in multiple settings, because 
the required data can be captured by administrative 
claims data and/or EHRs. We included the following 
chronic conditions: myocardial infarction, conges-
tive heart failure, peripheral vascular disease, cere-
brovascular disease, dementia, chronic obstructive 
pulmonary disease, connective tissue disease, rheu-
matic disease, peptic ulcer disease, mild liver disease, 
diabetes with and without complications, paraplegia/
hemiplegia, renal disease, cancer (excluding the in-
dex CRC cancer), moderate or severe liver disease, 
metastatic carcinoma, and AIDS/HIV. KPSC mem-
bership files and death data sets, obtained from the 
California State Death Master Files and the Social 
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Statistical Analysis 
We described continuous variables by reporting 
means and standard deviations, and used counts and 
frequencies for categorical variables. We described 
the burden of comorbid conditions by reporting 
counts of specific comorbidities and the weighted 
CCI score. Latent class analysis (LCA) was used 
to determine the number and composition of co-
morbidity-defined subgroups, or “classes,” that fit 
the data most parsimoniously, using individual co-
morbidities in the model.21 LCA is a type of struc-
tural equation modeling used for finding subgroups 
of related cases from multivariate categorical data. 
The resulting latent classes represent groups of like 
individuals and distinguishes them from other indi-
viduals who are less alike. Using multiple iterations, 
the model estimates the posterior probability of class 
membership for each individual, and subsequently 
places the individual in the class for which the prob-
ability of membership is highest; results are reviewed 
and a final determination is made by the study team. 
In this study, LCA grouped comorbidities into the 
best fit number of classes based on their observed dis-
tribution in the population.22 We selected the most 
parsimonious number of classes by combining infor-
mation from the Lo-Mendell-Rubin (LMR) test and 
Bayesian information criterion to triangulate the best 
fitting number of classes. We conducted a sensitivity 
analysis using LCA to examine comorbidity classes 
in patients diagnosed at ≤65 years of age versus ≥66 
years of age. To describe general treatment approach 
by comorbidity class, we categorized the percent of 
patients by stage in each class who received different 
combinations of treatment. Bivariate and multivari-
able binomial regression models were used to esti-
mate risk ratios with 95% confidence intervals, com-
paring each of the 3 comorbidity classes against a 
common referent class, class 1. We categorized treat-
ment regimen as either recommended or nonrecom-
mended. To compare survival between comorbidity 
classes, we used Kaplan-Meier survival analysis and 
Cox proportional hazards regression. When perform-
ing survival analysis, we adjusted for multiple pair-
wise comparisons between comorbidity classes by 
using the Bonferroni correction. 

CRC cases �rst diagnosed
2008–2013 at age ≥18

years from KPSC 
cancer registry

N=9,138

Analytic cases
N=9,092

Unique analytic cases
N=9,085

KPSC members
N=8,996

Patients with
comorbity score

N=8,229

Unique analytic CRC cases
of known stage in KPSC
members with known

comorbities
N=7,803

Patients with stage missing,
unknown, or occult excluded

N=426

Patients with zero
recorded physician 

visits excluded
N=767

Non-KPSC
members excluded

N=89

Patients with duplicate
records excluded

N=7

Nonanalytic cases
excluded

N=46

Figure 1. Cohort diagram for patients diagnosed with first colorectal 
cancer (CRC) between 2008–2013 within Kaiser Permanente Southern 
California (KPSC).

Security Administration Death Master Files, pro-
vided vital status information. The timeframe to 
determine survival was the date of diagnosis until 
censorship or the documented death date. We re-
ferred to the NCCN Clinical Practice Guidelines 
in Oncology (NCCN Guidelines) for Colon and 
Rectal Cancers to determine recommendations for 
the usual general treatment course by stage (eg, for 
colon cancer, surgery + chemotherapy recommended 
for stage III, radiation may be appropriate).20 We de-
scribed the number of patients in each comorbidity 
class who received the preferred treatment by stage 
(eg, surgery only for stage I colon cancer).
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Results
We identified 7,803 patients with CRC (Table 1). 
Median age at diagnosis was 66 years, and 46% were 
diagnosed at ≤65 years of age; 52% were male, 22% 
were Hispanic, 15% were black, 10% were Asian/Pa-
cific Islander, and 52% were white. The mean number 
of years for KPSC membership prior to CRC diagno-
sis was 17 (SD, 13), and the interquartile range was 
6 years (Q1) to 26 years (Q3). Two-thirds of the pa-

tients had a BMI ≥25 kg/m2. The stage distribution 
was 42% stage 0–I, 22% stage II, 22% stage III, and 
14% stage IV. Most patients (89%) received surgery, 
34% received chemotherapy, 10% received radiation 
therapy, and 5% received no treatment. The mean 
CCI score was 1.8 (SD, 2.3). Overall, approximately 
one-fifth of the patients (19%) had a weighted CCI 
score of ≥4, 40% had between 1 and 3, and the re-
maining 41% had a score of zero. 

Table 1.  Patient Characteristics, Cancer Treatment, 
and Comorbidities

Variable
N (%)

(N=7,803)
Age at CRC diagnosis

Median (range), y 66 y (18–101 y)

≤40 y 239 (3%)

41–64 y 3,320 (43%)

65–74 y 2,071 (27%)

75–84 y 1,568 (20%)

≥85 y 605 (8%)

Sex

Male 4,029 (52%)

Race/Ethnicity

White 4,046 (52%)

Black 1,139 (15%)

Hispanic 1,716 (22%)

Asian 694 (9%)

Pacific Island 78 (1%)

Native American/Alaskan 13 (<1%)

Others 34 (<1%)

Multiple 63 (1%)

Unknown 20 (<1%)

Body mass index

Missing 81 (1%)

Underweight (<18.5 kg/m2) 167 (2%)

Normal weight (18.5–24.9 kg/m2) 2,352 (30%)

Overweight (25.0–29.9 kg/m2) 2,718 (35%)

Obese (>30.0 kg/m2) 2,485 (32%)

Smoking status 

Ever 3,348 (43%)

Never 3,977 (51%)

Missing 478 (6%)

Marital status

Unmarried 2,754 (35%)

Married 4,753 (61%)

Missing 296 (4%)

Insurance type

Missing 2 (0%)

Commercial 3,674 (47%)

Medicaid 68 (1%)

Medicare 3,827 (49%)

Private pay 232 (3%)

Years of KPSC membership

Mean (SD) 17.2 (13.28)

Median                            14.3

Q1, Q3                               6.1, 26.4

Range (0.0–60.0)

Educationa

High school or less 3,244 (44%)

Some college or less 2,320 (32%)

College or higher 1,768 (24%)

Table 1.  Patient Characteristics, Cancer Treatment, 
and Comorbidities

Variable
N (%)

(N=7,803)
Incomea

<$15,000 718 (10%)

$15,000–$34,999 1,297 (18%)

$35,000–$49,999 996 (14%)

$50,000–$74,999 1,403 (19%)

$75,000–$99,999 1,021 (14%)

$100,000–$149,999 1,133 (15%)

≥$150,000  763 (10%)

Histology

Adenocarcinoma 7,136 (91%)

Carcinoid 252 (3%)

Signet ring 105 (1%)

Other 310 (4%)

Stage

0–I 3,294 (42%)

II 1,690 (22%)

III 1,724 (22%)

IV 1,095 (14%)

Treatment received

Chemotherapy 2,681 (34%)

Radiation therapy 754 (10%)

Surgery 6,924 (89%)

No surgery 402 (5%)

CCI (weighted), within 4 years prior to diagnosis

Mean (SD) 1.8 (2.32)

0 3,268 (41%)

1 1,457 (19%)

2 1,046 (13%)

3 588 (8%)

≥4 1,444 (19%)

CCI, within 4 years prior to diagnosis

Myocardial infarction 528 (7%)

Congestive heart failure 625 (8%)

Peripheral vascular disease 898 (12%)

Cerebrovascular disease 604 (8%)

Dementia 66 (1%)

Chronic pulmonary disease 1,671 (21%)

Connective tissue disease/rheumatic 
disease

194 (2%)

Peptic ulcer disease 121 (2%)

Mild liver disease 350 (4%)

Diabetes without complications 888 (11%)

Diabetes with complications 1,123 (14%)

Paraplegia & hemiplegia 58 (1%)

Renal disease 1,361 (17%)

Cancer 730 (9%)

Moderate or severe liver disease 24 (<1%)

Metastatic carcinoma 134 (2%)

AIDS/HIV 21 (<1%)

(cont.)

Abbreviations: CCI, Charlson comorbidity index; CRC, colorectal cancer; KPSC, Kaiser Permanente Southern California.
aCounts are estimated by multiplying group totals by average percent.
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Comorbidity Classes
LCA resulted in 4 distinct classes by comorbidity types 
(LMR, P<.001; Table 2); detailed statistical results 
can be seen in supplemental eAppendix 1 (available 
with this article at JNCCN.org). Both the LMR test 
and the Bayesian information criterion agreed on the 
number of classes. Class 1 included relatively younger, 
healthy individuals with few comorbidities, represent-
ing 67% of the sample, with a median age at diagnosis 
of 62 years (Table 3). Although still relatively infre-
quent, the most common comorbidities in this class 
were chronic pulmonary disease (15%) and diabetes 
without complications (13%). Class 2, representing 
15% of the total sample, was characterized mainly by 
patients with vascular and/or respiratory disease: 22% 
myocardial infarction, 27% congestive heart failure, 
43% peripheral vascular disease, and 27% cerebrovas-
cular disease. The median age at diagnosis for class 2 
was 77 years, with a mean CCI of 3.3 (SD, 1.9). Other 
conditions in class 2 included renal disease (32%) and 
uncomplicated diabetes (19%). Class 3, representing 
13% of the sample, was characterized mainly by the 
presence of diabetes with microvascular complica-
tions (78%), with a high prevalence of accompanying 
renal disease (60%) and a relatively low prevalence of 
respiratory or cardiovascular disease. The median age 
of class 3 was 76 years, with a mean CCI of 3.6 (SD, 
1.8). Class 4, representing 5% of the total sample, had 
the highest burden of comorbid conditions, with an 
average CCI of 7.2 (SD, 1.9). The median age of 71 
years was slightly younger compared with classes 2 and 
3. This class was dominated by patients with compli-
cated diabetes (83%), renal disease (87%), conges-
tive heart failure (72%), peripheral vascular disease 
(70%), chronic pulmonary disease (54%), myocardial 
infarction (43%), and cerebrovascular disease (38%). 
Less common comorbid conditions in class 4 included 
cancer (other than the index CRC; 21%) and liver 
disease (8%). We found a higher percentage of ever-
smokers in classes 2 and 4 compared with classes 1 and 
3 (54% vs 40%, respectively; P<.001). The overlap 
by class of the most common comorbidities, includ-
ing diabetes and vascular and respiratory diseases, is 
represented in Figure 2. 

Results from the sensitivity analysis indicate little 
difference in comorbidity types and subsequent class 
membership assignment between patients diagnosed 
at ≤65 years of age versus those diagnosed at ≥66 years 
of age (supplemental eAppendix 2). The optimal 

number of classes was 4, the same as the results for 
our total cohort, and the comorbidity patterns were 
similar, with class 1 representing those with the few-
est comorbidities and class 4 with the most. Class 2 
continued to be dominated by vascular/respiratory 
disease (although this was less frequent in patients di-
agnosed at ≤65 years of age) and complicated diabetes 
with renal disease, and class 3 mainly by complicated 
diabetes. 

Treatment
We described treatment receipt by class and stage 
(Table 4). There were statistically significant dif-
ferences in treatment combinations by class within 
each stage group, broken out by stage 0–II (early 
stage), stage III, and stage IV. Table 5 shows an un-
adjusted and adjusted comparison of early- versus 
late-stage disease by class. Most patients with stage 
0–II disease in each of the 4 classes received sur-
gery only, in accordance with NCCN Guidelines 
recommendations.20 However, more class 1 mem-
bers received multimodality treatment (surgery + 
chemotherapy or surgery + chemotherapy + radia-
tion) for early-stage disease than those in the other 
3 classes (although class 1 patients had a similar dis-
ease distribution of stage 0, I, and II disease as the 
other classes). For patients with stage III disease, 
those in classes 1 and 3 more frequently received 
NCCN Guideline–recommended combined treat-
ment (surgery + chemotherapy or surgery + che-
motherapy + radiation) than those in classes 2 or 
4. Those in classes 2 or 4 more frequently received 
only surgery for stage III disease (40% and 46%, re-
spectively, vs 15% and 22% for classes 1 and 3, re-
spectively). This pattern was also observed among 
patients with stage IV disease, wherein members in 
classes 1 and 3 more frequently received more in-
tensive surgery plus chemotherapy (37% and 36%, 
respectively, vs 17% and 17% for classes 2 and 4, 
respectively). Patients in classes 2 and 4 with stage 

Table 2. Classes by Comorbidity Types
Number of Classes

3 4 5

Bayesian information criterion 55,490 55,334 55,382

LMR test 2 vs 3 3 vs 4 4 vs 5

LMR P Value <.001 <.001 .0895

Choice of the most parsimonious number of classes was based on information 
from parsimony indices (Lo-Mendell-Rubin [LMR] test), and model comparison 
using the Bayesian Information Criterion to triangulate the best fitting number 
of classes.

http://www.jnccn.org/content/16/1/23/suppl/DC1
http://www.jnccn.org/content/16/1/23/suppl/DC1
http://www.jnccn.org/content/16/1/23/suppl/DC1
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IV disease more frequently received no treatment 
(29% and 37%, respectively) compared with those 
in classes 1 and 3. Across all stages, patients in class 
4 consistently received less aggressive treatment, 
followed by those in class 2. Although unadjusted 
analyses were not significant, when adjusting for pa-
tient race/ethnicity, marital status, sex, and age, we 
found that, compared with those in class 1, those in 
classes 2 and 4 with advanced disease (stage III–IV) 
were significantly less likely to receive the recom-
mended treatment course (class 2: odds ratio [OR], 
0.45; 95% CI, 0.28–0.74 and class 4: OR, 0.5; 95% 
CI, 0.37–0.67). 

Survival by Stage and Comorbidity Class
Kaplan-Meier estimates revealed a statistically 
significant association between comorbidity class 
membership and OS (P<.001). Class 4 had the 
poorest OS, with a median survival of 2.6 years 

(Figure 3). In addition, survival appeared to be bet-
ter for individuals in class 3 than for those in class 
2, but did not reach statistical significance after cor-
recting for multiple comparisons (P=.01, Bonferro-
ni corrected value). Unadjusted analyses of survival 
by comorbidity class, stratified by stage, showed a 
significant effect of comorbidity class for all stag-
es (Figure 4). After adjustment for stage, age, sex, 
race/ethnicity, BMI, and marital status, comorbid-
ity class was still associated with survival (P<0.001, 
Bonferroni corrected value). There were 6 total 
comparisons for the classes, setting the nominal P 
value for statistical significance at 0.0083 (0.05/6). 
Stage of disease (χ2, 315) explained more variabili-
ty in survival than comorbidity class (χ2, 68). There 
was a statistically significant interaction between 
comorbidity class and stage (likelihood ratio test, 
P<.001). Comorbidity class was a slightly stronger 

Table 3. Comorbidity Class Profiles
Class 1  

(N=5,238)
Class 2  

(N=1,148)
Class 3  
(N=998)

Class 4  
(N=419) P Value

Patients in class 67% 15% 13% 5%

Age at CRC diagnosis

Median (range), y 62 (18–98) 76 (21–101) 71 (35–101) 77 (45–98) <.001

≤40 y 228 (4%) 5 (0%) 6 (1%) 0 (0%)

41–64 y 2,798 (53%) 161 (14%) 314 (31%) 47 (11%)

65–74 y 1,272 (24%) 344 (30%) 336 (34%) 119 (28%)

75–84 y 732 (14%) 415 (36%) 250 (25%) 171 (41%)

≥85 y 208 (4%) 223 (19%) 92 (9%) 82 (20%)

Years of enrollment

Mean (SD) 15.2 (12.6) 21.7 (13.5) 19.7 (13.5) 24.6 (13.8)

Median          12.0          19.6          17.9              23.2

Q1, Q3            4.6, 23.2           10.7, 32.4            8.3, 29.7            13.0, 35.8

Range              (0–58.5)              (0–59.4)              (0–59.9)            (0.8–60.0)

Stage 

0–II 64% 66% 62% 68%

III–IV 36% 33% 37% 31%

Race/Ethnicity <.001

White 2,625 (50%) 739 (64%) 440 (44%) 242 (58%)

Black 689 (13%) 174 (15%) 206 (21%) 70 (17%)

Hispanic 1,243 (24%) 144 (13%) 249 (25%) 80 (19%)

Asian 530 (10%) 70 (6%) 72 (7%) 22 (5%)

Pacific Island 55 (1%) 6 (1%) 16 (2%) 1 (<1%)

Native American/Alaskan 10 (<1%) 1 (<1%) 2 (<1%) 0 (0%)

Others 25 (<1%) 5 (<1%) 3 (<1%) 1 (<1%)

Multiple 48 (1%) 6 (1%) 7 (1%) 2 (<1%)

Unknown 13 (<1%) 3 (<1%) 3 (<1%) 1 (<1%)

Body mass index <.001

Missing 72 (1%) 5 (<1%) 3 (<1%) 1 (<1%)

Underweight (<18.5 kg/m2) 108 (2%) 37 (3%) 13 (1%) 9 (2%)

Normal weight (18.5–24.9  kg/m2) 1,570 (30%) 434 (38%) 244 (24%) 104 (25%)

Overweight (25.0–29.9  kg/m2) 1,880 (36%) 364 (32%) 339 (34%) 135 (32%)

Obese (>30.0  kg/m2) 1,608 (31%) 308 (27%) 399 (40%) 170 (41%)

Smoking status <.001

Ever 2,034 (39%) 627 (55%) 460 (46%) 227 (54%)

Never 2,848 (54%) 471 (51%) 480 (48%) 178 (42%)

Missing 356 (7%) 50 (4%) 58 (6%) 14 (3%)

Abbreviations: CCI, Charlson comorbidity index; CRC, colorectal cancer. (continued on next page)
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Table 3. Comorbidity Class Profiles
Class 1  

(N=5,238)
Class 2  

(N=1,148)
Class 3  
(N=998)

Class 4  
(N=419) P Value

CCI (weighted), within 4 years prior to diagnosis <.001

Mean (SD) 0.6 (1.25) 3.3 (1.89) 3.6 (1.76) 7.2 (1.96)

0 3,268 (62%) 0 (0%) 0 (0%) 0 (0%)

1 1,320 (25%) 134 (12%) 3 (<1%) 0 (0%)

2 397 (8%) 290 (25%) 359 (36%) 0 (0%)

3 147 (3%) 305 (27%) 135 (14%) 1 (<1%)

≥4 106 (2%) 419 (36%) 501 (50%) 418 (100%)

CCI, within 4 years prior to diagnosis

Myocardial infarction 57 (1%) 251 (22%) 39 (4%) 181 (43%) <.001

Congestive heart failure 0 (0%) 313 (27%) 10 (1%) 302 (72%) <.001

Peripheral vascular disease 0 (0%) 492 (43%) 112 (11%) 294 (70%) <.001

Cerebrovascular disease 81 (2%) 311 (27%) 54 (5%) 158 (38%) <.001

Dementia 0 (0%) 44 (4%) 0 (0%) 22 (5%) <.001

Chronic pulmonary disease 776 (15%) 513 (45%) 154 (15%) 228 (54%) <.001

Connective tissue disease/rheumatic disease 85 (2%) 61 (5%) 27 (3%) 21 (5%) <.001

Peptic ulcer disease 34 (1%) 49 (4%) 20 (2%) 18 (4%) <.001

Mild liver disease 203 (4%) 65 (6%) 50 (5%) 32 (8%) <.001

Diabetes without complications 665 (13%) 223 (19%) 0 (0%) 0 (0%) <.001

Diabetes with complications 0 (0%) 0 (0%) 774 (78%) 349 (83%) <.001

Paraplegia and hemiplegia 0 (0%) 38 (3%) 5 (1%) 15 (4%) <.001

Renal disease 29 (1%) 371 (32%) 595 (60%) 366 (87%) <.001

Cancer 354 (7%) 170 (15%) 116 (12%) 90 (21%) <.001

Moderate or severe liver disease 6 (<1%) 11 (1%) 2 (<1%) 5 (1%) <.001

Metastatic carcinoma 69 (1%) 33 (3%) 21 (2%) 11 (3%)  .001

AIDS/HIV 16 (<1%) 4 (<1%) 0 (0%) 1 (<1%)  .357

Number of Charlson comorbidities, within 4 years prior to diagnosis 0.5 (0.68) 2.6 (1.08) 2.8 (1.17) 5.8 (1.21) <.001

0 3,268 (62%) 0 (0%) 0 (0%) 0 (0%)

1 1,560 (30%) 139 (12%) 171 (17%) 0 (0%)

2 353 (7%) 456 (40%) 238 (24%) 0 (0%)

3 48 (1%) 366 (32%) 314 (31%) 7 (2%)

4 9 (<1%) 122 (11%) 213 (21%) 37 (9%)

5 0 (0%) 44 (4%) 54 (5%) 129 (31%)

6 0 (0%) 17 (1%) 7 (1%) 129 (31%)  

≥7 0 (0%) 4 (<1%) 1 (<1%) 117 (28%)

Abbreviations: CCI, Charlson comorbidity index; CRC, colorectal cancer.

(cont.)

source of variability in survival than the CCI score 
alone (log-rank χ2, 413 vs 380, respectively). 

Additionally, we examined hazard ratios (HRs) 
for unadjusted and adjusted models to compare sur-
vival by class, as well as the stage-specific HRs for 
an adjusted model, which included a class-by-stage 
interaction (Table 6). All classes had worse survival 
than class 1, with class 4 having the poorest surviv-
al compared with all other classes, both before and 
after covariate adjustment. Furthermore, the dif-
ferences in survival between classes were greatest 
among patients who had early-stage disease (stage 
0–II) and were not statistically significant for those 
with stages III–IV, except when comparing class 4 
with the others.

Discussion
In this population-based study from a large integrat-
ed healthcare system, we found that patients with 
CRC could be grouped into 4 distinct classes defined 

by clusters of comorbid conditions, and that the re-
sulting comorbidity classes were associated with sig-
nificant differences in both receipt of stage-specific 
treatment and survival. In our primary analysis, co-
morbidity classes 1 through 4 were defined by progres-
sively greater mean CCI scores and by recognizable 
patterns of cardiovascular, respiratory, and metabolic 
disorders. Class 1 comprised most of the sample, and 
most patients in this class had no Charlson-defined 
comorbidities or only one comorbid condition. Close 
to half of our cohort (46%) was diagnosed with CRC 
at ≤65 years of age, with a median age at diagnosis 
of 66 years. This sample is somewhat younger than 
those reported in other CRC cohort studies, and our 
resulting comorbidity profiles may be influenced by 
the age distribution (eg, younger patients are less 
likely to have multimorbidity). Patients in class 1 
more frequently received NCCN Guideline–recom-
mended stage-specific CRC treatment and had bet-
ter survival than those in any of the other classes, 
despite having a similar stage distribution as those in 



© JNCCN—Journal of the National Comprehensive Cancer Network | Volume 16   Number 1 | January 2018

Original Research

Hahn et al

30

the other 3 classes. Additionally, patients in class 1 
were more frequently treated aggressively with mul-
timodality therapy. In contrast, class 4 included only 
5% of the sample and was characterized by the pres-
ence of multiple (≥4) comorbid conditions, a rela-
tively high frequency of not receiving recommended 
stage-specific treatment or receiving no treatment, 
and markedly worse OS than class 1. Choice of less 
aggressive treatment for those in class 4 may be 
clinically appropriate, given the high burden of co-
morbidity in this class. Other studies have found an 
impact of single comorbidities on treatment selec-
tion in patients with CRC (eg, heart failure, chronic 
obstructive pulmonary disease)23,24; our findings add 

to the existing body of knowledge by describing how 
these comorbidities co-occur, and the subsequent in-
fluence on treatment selection and OS. 

Classes 2 and 3 appeared very similar in terms 
of median age at diagnosis and mean CCI score, and 
represented a similar proportion of the larger cohort. 
However, patients in class 2, which was character-
ized primarily by the presence of cardiovascular or 
cardiorespiratory diseases, were less likely to receive 
recommended stage-specific treatment than those in 
class 3, which was characterized primarily by diabetes 
with microvascular complications, including kidney 
disease. Patients in class 3 were less likely to receive 
no treatment than those in class 2 across all disease 

Figure 2.
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Figure 2. Overlap of the most common Charlson-defined comorbidities by latent class analysis–defined classes (N=7,803).
Abbreviations: CCI, Charlson comorbidity index; COPD, chronic obstructive pulmonary disease; DBS-c, complicated diabetes; VSC, vascular disease.

Table 4. Initial Treatment Received by Comorbidity Class, Stratified by Stage
Class 1 Class 2 Class 3 Class 4 P Value

Treatment combination for stage 0–II N=3,307 N=764 N=625 N=288 <.001

None 3% 6% 5% 7%

Surgery only (usual) 81% 85% 83% 85%

Surgery + chemotherapy 7% 3% 5% 2%

Surgery + radiation <1% 1% <1% 1%

Surgery + chemotherapy + radiation 6% 4% 4% 3%

Treatment combination for stage III N=1,178 N=230 N=231 N=85 <.001

None 1% <1% 0% 1%

Surgery only 15% 40% 22% 46%

Surgery + chemotherapy (usual) 63% 48% 62% 36%

Surgery + radiation 1% <1% <1% 1%

Surgery + chemotherapy + radiation (usual) 16% 8% 13% 9%

Treatment combination for stage IV N=753 N=154 N=142 N=46 <.001

None 14% 29% 21% 37%

Surgery only 13% 21% 13% 28%

Surgery + chemotherapy 37% 17% 36% 17%

Surgery + radiation 1% 1% 0% 0%

Surgery + chemotherapy + radiation 3% 0% 1% 0%
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stages and had slightly better OS, although the lat-
ter difference was not statistically significant. This 
suggests that complicated diabetes (eg, represented 
by those in class 3) was less likely to influence treat-
ment selection than underlying cardiovascular or 
respiratory disease. Although our study did not dis-
criminate between type 1 and type 2 diabetes, oth-
er studies have found that type 2 is associated with 
a higher risk of developing CRC, and that among 
patients diagnosed with CRC, those with diabetes 
are more likely to die.14,25 It is possible that the less 
intensive treatment for patients in class 2 could be 
explained by treatment contraindications for those 
with clinically significant cardiovascular disease at 
the time of CRC diagnosis, or patient refusal of more 
intensive therapy. 

Although comorbidity class alone may not ex-
plain treatment selection (eg, although age alone 
should not be a contraindication, age at diagnosis 
can play a significant role in treatment selection26), 
our findings suggest that clusters of comorbidities do 
have a significant association with treatment. This 
is in line with other studies that show that patients 
with CRC with multiple comorbidities are less likely 
to receive chemotherapy.8,27 Additionally, we found 
a high prevalence of smoking-related disease (respi-
ratory and vascular) in classes 2 and 4. 

Our study has several important implications 
for research and clinical practice. Although comor-
bid conditions are common in patients with CRC, 
the most common presentation we found was single 
or no comorbidity. In addition, although the high 
prevalence of respiratory and cardiac conditions in 
our sample is not surprising, we found a common co-
morbidity profile dominated by diabetes with renal 
complications. These comorbidity profiles appear to 
be associated with treatment decision-making. It is 
noteworthy that the effect of comorbidity class on 
survival persisted when we adjusted for stage. In ad-
dition, there was a statistically significant interac-
tion between comorbidity class and stage, and LCA 
was found to be superior to using the CCI alone. We 
reported similar findings in a large cohort of patients 
with lung cancer.28 More fundamentally, our find-
ings represent a shift away from simple counting of 
comorbid conditions and toward a richer, more nu-
anced understanding of how comorbidities cluster 
within groups of patients with CRC. We hope that 
this approach will lead to potentially actionable find-
ings for clinical settings. Our findings indicate the 
need to learn more about the effect of comorbidity 

Table 5. Unadjusted, Adjusted, and Stage-Specific ORs

Comparisona
Unadjusted OR

(95% CI)
Adjusted OR 

(95% CI)
Within Stage 0–II

(95% CI)
Within Stage III–IV

(95% CI)

Class 2 vs 1 0.83 (0.62–1.11) 0.77 (0.58–1.03) 1.42 (0.76–2.65) 0.45 (0.28–0.74)

Class 3 vs 1 0.99 (0.8–1.23) 1.02 (0.82–1.28) 1.16 (0.77–1.74) 0.93 (0.67–1.29)

Class 4 vs 1 0.82 (0.68–0.99) 0.78 (0.64–0.95) 1.36 (0.91–2.03) 0.5 (0.37–0.68)

Class 2 vs 3 0.84 (0.6–1.18) 0.76 (0.54–1.05) 1.22 (0.6–2.49) 0.49 (0.28–0.85)

Class 2 vs 4 1.02 (0.73–1.41) 0.99 (0.73–1.35) 1.04 (0.51–2.11) 0.9 (0.53–1.54)

Class 3 vs 4 1.21 (0.93–1.57) 1.31 (1.01–1.70) 0.85 (0.5–1.44) 1.85 (1.24–2.77)

Class main effect P value                .025                 .001                 .038  

Stage main effect P value NA               <.001 <.001  

Class-by-Stage interaction P value NA                 NA <.001  

Abbreviations: NA, not applicable; ORs, odds ratios.
aAll comparisons adjusted for multiple comparisons; multivariate models adjusted for patient stage, race/ethnicity, marital status, sex, and age.
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Figure 3. Kaplan-Meier survival trends by class profile for patients 
with first time diagnoses of colorectal cancer (N=7,803).
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Table 6. Unadjusted, Adjusted, and Stage-Specific HRs

Comparison
Unadjusted HR 

(95% CI)
Adjusted HR 

(95% CI)
Within Stage 0–I 

(95% CI)
Within Stage II 

(95% CI)
Within Stage III 

(95% CI)
Within Stage IV 

(95% CI)

Class 2 vs 1 2.06 (1.77, 2.39) 1.67 (1.42, 1.95) 3.34 (2.16, 5.18) 2.04 (1.26, 3.3) 1.36 (0.88, 2.1) 1.17 (0.82, 1.67)

Class 3 vs 1 1.63 (1.38, 1.92) 1.51 (1.27, 1.8) 2.29 (1.36, 3.87) 2.02 (1.17, 3.46) 1.4 (0.89, 2.21) 1.19 (0.82, 1.72)

Class 4 vs 1 3.47 (2.86, 4.21) 3.54 (2.88, 4.35) 7.34 (4.51, 11.94) 3.83 (2.1, 6.98) 2.86 (1.65, 4.96) 2.13 (1.19, 3.81)

Class 2 vs 3 1.27 (1.04, 1.54) 1.1 (0.9, 1.34) 1.46 (0.85, 2.5) 1.01 (0.56, 1.82) 0.97 (0.56, 1.68) 0.98 (0.62, 1.55)

Class 2 vs 4 0.59 (0.48, 0.74) 0.47 (0.38, 0.59) 0.46 (0.28, 0.75) 0.53 (0.28, 1.01) 0.48 (0.26, 0.89) 0.55 (0.29, 1.03)

Class 3 vs 4 0.47 (0.37, 0.59) 0.43 (0.34, 0.54) 0.31 (0.18, 0.56) 0.53 (0.27, 1.04) 0.49 (0.26, 0.93) 0.56 (0.29, 1.06)

Abbreviation: HR, hazard ratio.

clusters on treatment tolerance and response, which 
will contribute to future recommendations for per-
sonalized treatment of CRC. It may be useful to have 
a common language to describe comorbidity clusters, 
enhancing future research efforts and potentially 
leading to a taxonomy to describe and evaluate co-
morbidities in cancer and other disease populations. 

Important strengths of the study include the large 
sample, the community-based, integrated healthcare 

setting, and the availability of comprehensive EHRs 
with longitudinal data to capture the full burden of 
comorbid conditions. Additionally, we had the op-
portunity to include younger patients (eg, age 18–64 
years) who are typically underrepresented in CRC 
research. Our results indicate that most younger pa-
tients have few comorbidities, as expected.

Limitations include the retrospective study de-
sign, lack of detailed treatment data (eg, adjuvant vs 
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Figure 4. Kaplan-Meir survival trends by class profile, stratified by cancer stage, for patients with first time diagnoses of colorectal cancer (N=7,803) 
(A) Stage 0–I, (B) stage II, (C) stage III, and (D) stage IV.
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neoadjuvant therapy), lack of cancer-specific mortal-
ity data, and the need to rely on retrospective collec-
tion of diagnostic codes in EHRs. It is possible that 
certain comorbid conditions would be more or less 
likely to be coded correctly in the records, leading 
to possible ascertainment bias. However, the DaCCI 
has been used to adjust for comorbidity in countless 
retrospective studies that relied on either adminis-
trative claims or EHRs, and has consistently been 
shown to correlate negatively with survival and oth-
er outcomes of interest. Future studies are needed to 
compare the advantages and disadvantages of these 
alternative approaches. A limitation of most comor-
bidity indices is that the presence or number of co-
morbidities does not necessarily reflect the severity 
of any given comorbid condition; therefore, future 
work in this area should include assessment of sever-
ity via laboratory and other results that could feasibly 
be captured from EHRs. Comorbid conditions also 
do not capture all possible clinical factors that may 
influence decision-making regarding cancer treat-
ment planning, such as malnutrition or function-
al status. Additionally, our approach to the LCAs, 
which assigned class membership based on highest 
probability, may not be the optimal approach when 

many members have assignment probabilities of less 
than 0.5; however, it is worth noting that in our 
sample only 5% of members fell into this category 
(supplemental eAppendix 3). Finally, our survival 
analysis did not incorporate the classification uncer-
tainty. Given that this would tend to underestimate 
class-covariate associations, regardless of how class 
membership is assigned,29 the differences we detect-
ed in survival patterns should have only been more 
dramatic than we found had we incorporated such 
classification error.

Conclusions
We identified 4 clinically distinct classes of comor-
bid conditions in patients with CRC. We found that 
these classes were associated with both treatment 
and OS, even when controlling for disease stage. Pa-
tients with multimorbidities with a high prevalence 
of cardiovascular disease were less likely to receive 
recommended treatment and had worse OS. Ulti-
mately, this information can be used to provide per-
sonalized care for patients with CRC throughout the 
cancer care continuum. 
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