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Abstract
Purpose We assessed emergency department (ED) utilization in patients with colorectal cancer to identify factors associated with
ED visits and subsequent admission, as well as identify a high-risk subset of patients that could be targeted to reduce ED visits.
Methods Data from Optum Labs Data Warehouse, a national administrative claims database, was retrospectively analyzed to
identify patients with colorectal cancer from 2008 to 2014. Multivariable logistic regression was used to identify factors
associated with ED visits and ED Bsuper-users^ (3+ visits). Repeated measures analysis was used to model ED visits resulting
in hospitalization as a logistic regression based on treatments 30 days prior to ED visit.
Results Of 13,466 patients with colorectal cancer, 7440 (55.2%) had at least one ED visit within 12 months of diagnosis. Factors
associated with having an ED visit included non-white race, advancing age, increased comorbidities, and receipt of chemother-
apy or radiation. 69.2% of patients who visited the ED were admitted to the hospital. A group of 1834 Bsuper-users^ comprised
13.6% of our population yet accounted for 52.1% of the total number of ED visits and 32.3% of admissions.
Conclusions Over half of privately insured patients undergoing treatment for colorectal cancer will visit the EDwithin 12months
of diagnosis. Within this group, we identify common factors for a high-risk subset of patients with three or more ED visits who
account for over half of all ED visits and a third of all admissions. These patients could potentially be targeted with alternative
management strategies in the outpatient setting.
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Introduction

Multidisciplinary cancer care is a complex endeavor that oc-
curs in a variety of inpatient and outpatient settings. Delivery
of care itself can be challenging as it involves transitions

between different specialists and phases of treatment. Often,
this results in fragmentation of care and either delayed or
inappropriate utilization of health care resources.1–3 This
Bsystem in crisis^ was acknowledged by the Institute of
Medicine in the report, BDelivering High Quality Care^.4

For patients navigating a cancer treatment plan, the emergency
department (ED) represents a safety net that provides access to
care that may not be otherwise available. However, the appro-
priate role of the ED in the management of cancer patients
remains largely unknown.5,6

Clinical experience suggests that many of the ED visits
made by patients during active cancer treatment may represent
non-preventable use. However, it is also likely that a signifi-
cant proportion is due to potentially avoidable problems.
Furthermore, in the spectrum of cancer patients, there is likely
a subset that is at risk of visiting the ED more than others.

In this study, we sought to better characterize the use of the
ED in delivering care to patients with an initial diagnosis of
colorectal cancer. Our primary goal is to quantify utilization of
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the ED and to identify factors associated with ED use follow-
ing diagnosis of colorectal cancer and therefore identify high-
risk subsets of patients that can be targeted to reduce ED use.
As a secondary goal, we identify factors associated with hos-
pital admission following a visit to the ED as well as common
reasons for ED presentation.

Materials and Methods

Data Source

A retrospective analysis using Optum Labs Data Warehouse
(OLDW) was performed for this study. OLDW is an admin-
istrative claims database consisting of privately insured and
Medicare Advantage enrollees throughout the USA.7 The da-
tabase covers more than 100 million enrollees from all regions
of the USA, with greatest representation from the South and
Midwest. The plan provides fully insured coverage for inpa-
tient, outpatient, and pharmacy services. Medical claims in-
clude ICD-9-CM (international classification of diseases,
ninth revision, clinical modification) diagnosis codes; ICD-9
procedure codes; Current Procedural Terminology, version 4
(CPT-4) procedure codes; Healthcare Common Procedure
Coding System (HCPCS) procedure codes; site of service
codes; and provider specialty codes.8 As all data in OLDW
are deidentified, our study was exempted from Institutional
Research Board review.

Case Selection

Any patient (> 18 years) with a diagnosis of colorectal cancer
from 2008 to 2014 comprised our study cohort. ICD-9 diag-
nosis codes were used to identify the diagnosis of colorectal
cancer (Supplemental Table 1), and all ED visits within
12 months of the initial diagnosis were counted as events.
Initial diagnosis was defined as the first diagnosis colorectal
cancer claim for each patient from 2008 to 2014. A validated
algorithm of only including patients with five or more claims
related to the primary claim was used.9 Causes for presenta-
tion to the ED were identified from primary diagnoses and
limited to the day the patient presented to the ED; in cases
where the primary diagnosis for the ED visit was colorectal
cancer, the first non-CRC diagnosis was used. Only patients
enrolled continuously for the year before the index diagnosis
date and 12 months post diagnosis were included. The
Charlson-Deyo comorbidity index10 was calculated using all
primary and secondary non-colorectal cancer ICD-9 diagnosis
codes on claims within 12 months prior to the index diagnosis
date (baseline). Active treatment was identified using CPT
codes for surgery, chemotherapy, and radiation within 30 days
prior to ED visit (Supplemental Table 1).

Statistical Analysis

Categorical variables were compared using chi-squared anal-
yses and continuous variables using t tests as appropriate.
Covariates for all models included age (18–44, 45–54, 55–
64, 65–74, 75+ years), race (non-white, white), gender, year
of diagnosis, Charlson index (0, 1–2, 3+), surgery (no/yes),
chemotherapy (no/yes), and radiation (no/yes). Multivariable
analysis was performed using logistic regression to identify
factors associated with one or more ED visits. A negative
binomial model was constructed to identify factors associated
with the total number of ED visits. A multivariable logistic
regression was again used to identify factors associated with
ED Bsuper-users^ (3+ visits). In addition, repeated measures
analysis was performed modeling ED visits resulting in hos-
pitalization as a logistic regression based on treatments 30 days
prior to ED visit. Although socioeconomic status (SES) data is
limited in the OLDW, information on patient income level is
available. Using income as a proxy for SES, we also per-
formed sensitivity analyses by incorporating income into our
regression models. All tests were two-sided; significance
levels were set at p < 0.05 and confidence intervals at 95%.
Statistical analysis was performed using SAS version 9.4
(SAS Institute Inc., Cary, NC) software.

Results

Overall Rates of ED Evaluation and Admission

Our study population consisted of 13,446 patients, of whom
7440 (55.2%) had at least one ED visit in the 12 months after
the diagnosis of colorectal cancer (Table 1). Of the 7440 pa-
tients with an ED visit, 5147 (69.2%) were subsequently ad-
mitted to the hospital. The mean age of patients who visited
the ED was 67.3 years (SD 13.0); 50.4% were male, and the
most common race was white (72.1%). Although most pa-
tients who utilized the ED did so only once (51.5%), many
had two (23.9%) or three or more ED visits (24.7%). This last
group of 1834 Bsuper-users^ comprised 13.6% of our total
population of 13,446 patients, yet accounted for 52.1% of
the total number of ED visits (8039) and 32.3% of the admis-
sions from the ED (3907).

Bivariate Comparisons of Patients with an ED Visit
and Those with No ED Visit (Table 1)

Compared to patients with no ED visit, patients who visited
the ED at least once in the 12 months following diagnosis of
colorectal cancer tended to be older (mean age 67.3 vs. 64.5,
p < 0.001, with 36% of the patients with an ED visit being 75+
vs. 25.1% of the patients with no ED visit), more likely to
have had chemotherapy (24.5 vs. 18.1%, p < 0.001) and had
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Table 1 Summary statistics for
patients who had an ED visit
compared to those who did not

ED visit ED visit
Yes No Total p value
(N = 7440) (N = 6026) (N = 13,446)

Age < 0.0001*

Mean (SD) 67.3 (13.0) 64.5 (12.4) 66.0 (12.8)

Age group < 0.0001*

18–44 420 (5.6%) 356 (5.9%) 776 (5.8%)

45–54 1009 (13.6%) 1073 (17.8%) 2082 (15.5%)

55–64 1415 (19.0%) 1533 (25.4%) 2948 (21.9%)

65–74 1918 (25.8%) 1551 (25.7%) 3469 (25.8%)

75+ 2678 (36.0%) 1513 (25.1%) 4191 (31.1%)

Gender 0.2596

Female 3693 (49.6%) 3050 (50.6%) 6743 (50.1%)

Male 3747 (50.4%) 2976 (49.4%) 6723 (49.9%)

Race 0.0030*

Non-white 2077 (27.9%) 1545 (25.6%) 3622 (26.9%)

White 5363 (72.1%) 4481 (74.4%) 9844 (73.1%)

Diagnosis year < 0.0001*

2008 860 (11.6%) 771 (12.8%) 1631 (12.1%)

2009 822 (11.0%) 743 (12.3%) 1565 (11.6%)

2010 910 (12.2%) 802 (13.3%) 1712 (12.7%)

2011 1092 (14.7%) 869 (14.4%) 1961 (14.6%)

2012 1214 (16.3%) 1029 (17.1%) 2243 (16.7%)

2013 1252 (16.8%) 974 (16.2%) 2226 (16.5%)

2014 1290 (17.3%) 838 (13.9%) 2128 (15.8%)

Total number of ED visits per patient < 0.0001*

0 0 6026 (100.0%) 6026 (44.7%)

1 3829 (51.5%) 0 3829 (28.4%)

2 1777 (23.9%) 0 1777 (13.2%)

3+ 1834 (24.7%) 0 1834 (13.6%)

Hospital admission from ED < 0.0001*

No 2293 (30.8%) 6026 (100.0%) 8319 (61.8%)

Yes 5147 (69.2%) 0 5147 (38.2%)

Total number of hospital admissions from ED per patient < 0.0001*

0 2293 (30.8%) 6026 (100.0%) 8319 (61.8%)

1 3538 (47.6%) 0 (0.0%) 3538 (26.3%)

2 970 (13.0%) 0 (0.0%) 970 (7.2%)

3+ 639 (8.6%) 0 (0.0%) 639 (4.7%)

Charlson index < 0.0001*

0 2719 (36.5%) 2737 (45.4%) 5456 (40.5%)

1–2 2506 (33.7%) 2065 (34.3%) 4571 (33.9%)

3+ 2215 (29.8%) 1224 (20.3%) 3439 (25.5%)

Chemotherapy < 0.0001*

No 5614 (75.5%) 4938 (81.9%) 10,552 (78.4%)

Yes 1826 (24.5%) 1088 (18.1%) 2914 (21.6%)

Radiation 0.0880

No 5896 (79.2%) 4847 (80.4%) 10,743 (79.8%)

Yes 1544 (20.8%) 1179 (19.6%) 2723 (20.2%)

Surgery 0.4190

No 1491 (20.0%) 1174 (19.5%) 2665 (19.8%)

Yes 5949 (80.0%) 4852 (80.5%) 10,801 (80.2%)

ED emergency department

*Statistically significant difference at p = 0.05 level
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more comorbidities (Charlson score 3+ 29.8 vs. 20.3%,
p < 0.001) (Table 1). Although patients who were non-white
were also statistically more likely to visit the ED (27.9 vs.
25.6%, p = 0.003), but with a difference of only 2.3%, this
finding may not be clinically meaningful.

Trends in ED Visits (Fig. 2)

Utilization of the ED showed a linear increase from 11.6% in
2008 to 17.3% in 2014 (p < 0.001) (Fig. 1). The number of
patients who utilized the ED only once decreased during this
time period. The increase in total utilization was driven by
repeat users (Fig. 2).

Factors Associated with an ED Visit Within 12 Months
of Diagnosis (Table 2)

In multivariable analyses, the strongest factors associated with
an ED visit were advancing age (75+ age group: OR 1.44,
95% CI 1.22–1.69), increased comorbidities (Charlson 3+:
OR 1.64, 95% CI 1.49–1.80), chemotherapy (OR 1.57, 95%
CI 1.44–1.72), and radiation (OR 1.15, 95% CI 1.05–1.26)
(Table 2).

More recent year of diagnosis was also a factor in ED
utilization, in keeping with the trends seen in Figs. 1 and 2.
The most common diagnoses for ED visits were intestinal
obstruction (5.33%), fluid and electrolyte disorders (5.25%),
anemia (4.39%), gastrointestinal hemorrhage (3.69%), and
abdominal pain (3.46%) (Supplemental Table 2).

BSuper-users^ (3+ ED Visits Within 12 Months
of Diagnosis)

A group of 1834 Bsuper-users^ comprised 13.6% of our pa-
tient population yet accounted for 52.1% of the total number
of ED visits (8039) and 32.3% of the admissions (3907).
Factors associated with high ED use were non-white race
(OR 1.16, 95% CI 1.04–1.30), older age (75+: OR 1.27,
95% CI 1.00–1.62), increased comorbidities (Charlson 3+:

OR 2.27, 95% CI 1.98–2.59; Charlson 1–2: OR 1.36, 95%
CI 1.20–1.55), chemotherapy (OR 1.44, 95% CI 1.27–1.62),
and radiation (OR 1.27, 95% CI 1.11–1.44) (Table 3).

Factors Associated with ED Visits That Result
in Subsequent Hospitalization

Of the 15,422 ED visits made by the 7440 patients in our
study, 12,105 resulted in a hospital admission (78.5%).
Hospital admission from the ED was associated with non-
white race (OR 1.20, 95% CI 1.07–1.35), advanced age (75+
age group: OR 2.20, 95% CI 1.75–2.76), increased comorbid-
ities (Charlson 3+: OR 1.29, 95% CI 1.13–1.48), and having
had surgery (OR 4.04, 95%CI 3.60–4.53), radiation (OR 1.67,
95%CI 1.38–2.02), or chemotherapy (OR 2.22, 95% CI 1.90–
2.58) in the 30 days before the ED visit (Table 2). The most
common diagnoses leading to admission following an ED visit
were colon cancer (25.4%), cancer of rectum and anus (9.9%),
other gastrointestinal disorders (5.4%), complications of sur-
gical procedures or medical care (4.9%), and intestinal ob-
struction (4.14%) (Supplemental Table 3).

Discussion

In this study, we show that 55% of colorectal cancer patients
visit the ED in the first 12 months following diagnosis: a period
of active treatment for most patients. Of the patients who visit
the ED, 69.2% are subsequently admitted to the hospital.
Patients who are older, have more comorbidities, and who re-
ceive radiation or chemotherapy in the 30 days prior are more
likely to visit the ED. We also identify a high-risk subset of
patients with three or more ED visits (Bsuper-users^) who com-
prise 13.6% of our population, yet account for over half of all
ED visits and a third of admissions from the ED.

The role of the ED as a safety net in the delivery of
healthcare in the USA is well known.11 Over the last decade,
the growth in utilization of ED services has outpaced growth
in the general population, despite a reduction in the number of

Fig. 1 ED rates per 100 colorectal
patients
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emergency rooms nationally.12 We see a similar trend in our
data, with increasing utilization during the time of the study.
Although not currently recognized as one of the leading
causes of ED visits, the increasing incidence and prevalence
of cancer in the general population will likely lead to worsen-
ing of the burden on EDs, both during active treatment and the
surveillance phase. End-of-life care for many cancer patients
often includes one or more visits to the ED, and inmany cases,
these are potentially avoidable.13,14 Some researchers have
identified alternative strategies such as increased home-
based nursing, telephone-based interventions, and multidisci-
plinary care to help prevent such ED visits.15–17

The largest study to date looking at utilization of the ED by
cancer patients used The North Carolina Disease Event
Tracking and Epidemiologic Collection Tool (NC DETECT)
to analyze 37,760 ED visits.18 Patients with colorectal cancer
comprised 7.7% of total ED visits in their study, and the most
common reasons for presentation were related to pain, respi-
ratory distress, and GI issues. Our study found that intestinal
obstruction, fluid and electrolyte disorders, and anemia were
the top three diagnoses for visiting the ED. It is important to
note that the NC DETECT analysis used the chief complaint
listed for each ED visit. The OLDW database does not include
chief complaint but does include diagnosis codes for each ED
visit, which we grouped using Clinical Classifications
Software (CCS) categories. This explains why our percent-
ages of reasons for presentation are smaller than the NC
DETECT analysis, as overall there were over 200 CCS cate-
gories represented using the primary diagnosis code for the
15,422 ED visits in our study.

The fact that patients who undergo chemotherapy or radia-
tion are more likely to visit an ED and subsequently be admitted
to the hospital is not surprising. Both modalities can potentially
be associated with toxicity needing medical attention.19

However, 32% of patients receiving chemotherapy and 37%
of patients receiving radiation who visited the ED were not

admitted to the hospital, suggesting that some of the issues
related to active treatment may have been treatable in a lower
acuity setting. The use of chemotherapy did significantly in-
crease from 18.8% of patients with colorectal cancer in 2008
to 24.4% in 2014 (p = 0.005), while the use of radiation signif-
icantly decreased from 21.6% in 2008 to 16.6% in 2014 (p =
0.001). This increase in chemotherapy use could be contributed
to an increase in ED use. The current NCCN chemotherapy
recommendations are well-established regimens that were ap-
proved for the treatment of colorectal cancer prior to our study
period. These guidelines recommend regimens combining fluo-
rouracil, leucovorin, and oxaliplatin (FOLFOX) or capecitabine
and oxaliplatin (CAPEOX) as adjuvant treatment after surgical
resection. For metastatic disease, FOLFOX, CAPEOX, or
FOLFIRI (leucovorin, fluorouracil, and irinotecan) with or with-
out bevacizumab is recommended.20–22 Except for the growing
shift from adjuvant to neoadjuvant use of radiation in rectal
cancer patients, there were also no major changes seen in rec-
ommendations for radiation therapy during the time frame of
our study.23 Unfortunately, we do not have access to clinical
details such as staging information in this dataset, so we are
unable to further investigate which patient subsets saw an in-
crease in the use of chemotherapy.

Having surgery was not a factor associated with an ED visit
but was a factor associated with a hospital admission follow-
ing an ED visit, suggesting that ED visits within 30 days of
surgery may have had higher acuity. The finding that surgery
was not a factor associated with an ED visit may be related to
the fact that these patients have a postoperative inpatient stay
where they are assessed for many complications before they
are discharged. They also routinely have early follow-up ap-
pointments, which represent additional opportunities to ad-
dress any problems in an outpatient setting.

Looking at the total number of ED visits (15,422) instead
of the number of patients (7440), 78.5% of all ED visits result
in admission, but Bsuper-users^ admission rate after an ED

Fig. 2 Frequency of ED visits by
year of diagnosis
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visit was much lower, 32.3% (RR 0.41, 95% CI (0.40, 0.42).
This translates to 4132 ED visits that did not lead to admis-
sions, again suggesting that these visits were potentially
avoidable. The multivariable analysis did show these patients
tended to be non-white, older, and higher comorbidity patients
undergoing active treatment with radiation and/or chemother-
apy. However, the C-statistic of our model was only 0.64,
suggesting these variables are only moderately predictive
and there are likely other factors associated with an ED visit
that we cannot account for using this dataset. This is

particularly applicable to socioeconomic variables, of which
only patient income was available to us. In our sensitivity
analysis, after incorporating patient income into our models,
race was no longer associated with an ED visit or with being a
Bsuper-user.^ This suggests that the differences in ED use seen
between races are likely due to SES, which is consistent with
previously published literature.24 We believe our findings lay
a solid foundation for further research to better define a pre-
dictive model that can be used to identify a subset of Bsuper-
users.^

Table 2 Factors associated with
ED utilization and admission
from ED in patients with
colorectal cancer

Factors associated with ED visits Factors associated with admission

Covariate Odds
ratio

95% confidence
limits

p value Odds
ratio

95% confidence
limits

p value

Gender

Male Ref

Female 1.04 0.97–1.12 0.23 1.03 0.93–1.15 0.54

Race

White Ref

Non-white 1.11 1.03–1.2 0.01* 1.20 1.07–1.35 0.002*

Age group

18–44 Ref

45–54 0.80 0.68–0.95 0.01* 0.92 0.72–1.17 0.48

55–64 0.78 0.66–0.91 0.002* 1.22 0.97–1.54 0.09

65–74 0.99 0.85–1.17 0.982 1.53 1.21–1.92 0.0003*

75–84 1.44 1.22–1.69 < 0.0001* 2.20 1.75–2.76 < 0.0001*

Year of diagnosis

2008 Ref

2009 0.97 0.84–1.11 0.62 1.10 0.89–1.36 0.38

2010 0.96 0.84–1.11 0.59 1.06 0.86–1.30 0.61

2011 1.05 0.92–1.20 0.46 0.96 0.79–1.17 0.68

2012 0.95 0.84–1.09 0.48 1.06 0.87–1.29 0.56

2013 1.01 0.89–1.15 0.8781 1.13 0.93–1.38 0.22

2014 1.22 1.07–1.39 0.004* 1.03 0.85–1.25 0.75

Charlson index

0 Ref

1–2 1.15 1.06–1.25 0.001* 1.08 0.95–1.22 0.25

3+ 1.64 1.49–1.80 <.0001* 1.29 1.13–1.48 0.0002*

Chemotherapy

No Ref

Yes 1.57 1.44–1.72 < 0.0001* 2.22 1.90–2.58 < 0.001*

Radiation

No Ref

Yes 1.15 1.05–1.26 0.0035* 1.673 1.38–2.02 < 0.001*

Surgery

No Ref

Yes 1.09 0.99–1.20 0.0563 4.04 3.60–4.53 < 0.001*

Controlling analysis included age, race, gender, year of diagnosis, Charlson index, chemotherapy, radiation, and
surgery

*Statistically significant difference at p = 0.05 level
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Some limitations to our study must be acknowledged. The
data is retrospective and hence subject to misclassification, se-
lection, and information bias. Although the OLDW database
gives us a large sample size with the ability to conduct robust
analyses, this comes at the expense of clinical detail. Detailed
information on ED presentation or the circumstances and
decision-making behind inpatient admission cannot be gleaned
from administrative data. We limited capture of ED events to
12 months after diagnosis. While this should include the ma-
jority of patients undergoing active colorectal cancer treatment,
it is possible there are patients still undergoing treatment and

visiting the ED more than 12 months after diagnosis. Since a
pre-condition for hospital admission in our study was an ED
visit, direct admissions to the hospital were not captured and the
true rate of admissions in our study cohort may be higher.
Furthermore, althoughwe used a validated algorithm to identify
patients with colorectal cancer from claims data,9 it is possible
that some misclassification bias exists. We do not have specific
staging information for the colorectal cancers; hence, stage-
specific analyses reflecting disease burden could not be con-
ducted. The time of day and day of the week for ED presenta-
tion were not available to us using this dataset. Where care was
actually delivered, e.g., outpatient clinic or multidisciplinary
cancer center was not identifiable using our current dataset.
Finally, we would like to point out that a proportion of ED visits
by this patient population are likely appropriate and represent
reasonable use of health care resources for acute problems. Our
focus is less aimed toward the appropriateness of ED visits, and
more toward quantifying this burden and identifying a group of
Bsuper-users^ who could potentially be targeted to receive care
in more suitable settings.

Conclusion

In conclusion, we show that 55% of privately insured patients
undergoing treatment for colorectal cancer will visit an ED in
the first 12 months following diagnosis and also identify the
most common reasons for such a visit. Within this group, we
define a high-risk subset of patients with three or more ED
visits who account for over half of ED visits, but less than one
third of admissions. This suggests these patients could poten-
tially be treated in an outpatient setting with alternative man-
agement strategies such as improving patient education, in-
creasing communication between patients and their multidis-
ciplinary team via phone or electronic medical systems, or
more frequent outpatient visits. Similar strategies could be
applied to other patients undergoing multidisciplinary care to
potentially offset the burden of patients with cancer in the ED
who could have received appropriate care in an alternative
setting.
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Table 3 Factors associated with high ED use (Bsuper-users^) within
12 months of diagnosis

Covariate Odds ratio 95% confidence limits p value

Gender

Male Ref

Female 0.99 0.89–1.09 0.812

Race

White Ref

Non-white 1.16 1.04–1.30 0.007*

Age group

18–44 Ref

45–54 0.73 0.56–0.94 0.017*

55–64 0.79 0.61–1.01 0.057

65–74 1.02 0.80–1.30 0.857

75+ 1.27 1.00–1.62 0.047*

Year of diagnosis

2008 Ref

2009 1.01 0.81–1.26 0.922

2010 1.02 0.82–1.26 0.872

2011 1.24 1.01–1.52 0.036*

2012 1.14 0.93–1.39 0.21

2013 1.14 0.94–1.39 0.187

2014 1.35 1.11–1.64 0.003*

Charlson index

0 Ref

1–2 1.36 1.20–1.55 < 0.0001*

3+ 2.27 1.98–2.59 < 0.0001*

Chemotherapy

No Ref

Yes 1.44 1.27–1.62 < 0.0001*

Radiation

No Ref

Yes 1.27 1.11–1.44 0.0004*

Surgery

No Ref

Yes 0.86 0.76–0.97 0.012*

Controlling for age, race, gender, year of diagnosis, Charlson index, che-
motherapy, radiation, and surgery

*Statistically significant difference at p = 0.05 level
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