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Introduction

Current literature supports the safety and efficacy of hepatic 
resection for metastatic colorectal cancer (1,2). While 
colorectal cancer (CRC) has been decreasing over recent 
years in older patients (3), there has been an overall increase 
in rates of liver resections performed for metastatic disease, 

particularly those from colorectal cancer (4). Furthermore, 
favorable outcomes have been reported, with 5-year survival 
rates following hepatic metastasectomy ranging from 24–
58% (5-9) and 10-year survival rates of approximately 25% 
(5-7). There are limited data however, describing national 
population trends of patients with stage IV colon cancer 
undergoing resections for synchronous hepatic metastases 
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(SHM). Furthermore, there is no information about patient-
level differences in the use of this aggressive surgical strategy. 

Among colorectal cancer patients, certain populations 
are at higher risk of developing disease, specifically Alaskan 
Natives and African Americans (10). African American 
patients are also more likely to present with advanced disease 
and have lower 5-year survival rates compared to Caucasian 
counterparts (11,12). Additionally, African American patients 
are less likely to undergo minimally invasive surgery than 
either white or Asian patients, and are at higher risk for 
readmission and mortality following open surgery (13). 
While outcomes studies have been conducted in specific 
cohorts (14,15), literature evaluating the utilization of hepatic 
resection for metastatic colon cancer in certain demographic 
populations remains limited. Furthermore, mortality for 
certain cancers varies widely across US counties, suggesting 
the importance of factors including access to care, medical 
education, and socioeconomic status (16).

We sought to describe trends in resection rates of 
SHM in patients with stage IV colon cancer using a 
large national cohort database. Additionally, we aimed to 
identify significant factors associated with the likelihood of 
undergoing resection for metastatic disease. Among patients 
with stage IV colon cancer who did not undergo resection, 
we sought to characterize temporal trends and disparities in 
surgical evaluation.

Methods

We obtained data from the Surveillance, Epidemiology and 
End Results (SEER) Medicare files for patients diagnosed 
with Stage IV colon adenocarcinoma between 2000 and 
2011 (17). Because they lacked complete claims data, we 
excluded patients from the study who were enrolled in 
HMOs or were not enrolled in Medicare Part A/B, within 
the prior 12 months or any time during follow-up. Patients 
older than 99 years as well as those 65 and younger were 
also excluded.

Identification of important events, including diagnosis 
of SHM, receipt of liver resection, and evaluation by a 
surgeon, was based on the presence of claims that occurred 
within 6 months prior to and 12 months after the date of 
cancer diagnosis for each patient. We identified patients 
who had evidence of SHM based on the presence of ICD-
9 (International Classification of Diseases, 9th Revision) 
diagnosis codes (155.2 or 197.7) for secondary liver 
metastases.

Primary outcome was receipt of liver resection based on 

ICD-9 and Current Procedural Terminology (CPT) codes 
during the same time period. Procedures identified included 
laparoscopic liver resection (CPT 47370), wedge resection 
(CPT 47120, ICD-9 50.22), hepatic lobectomy (CPT 47125, 
47130; ICD-9 50.3), and hepatic trisegmentectomy (CPT 
47122). Radiofrequency ablation and cryoablation were not 
included as the purpose of this study primarily focused on 
surgical resections for definitive management of SHM. We 
also identified the receipt of colon resection during the same 
time period based on ICD-9/CPT codes. Colon resection 
was classified as elective or urgent/emergent based on the 
admission type found in the Medicare claim file associated 
with the identified colon procedure.

Secondary outcome was surgeon evaluation in the peri-
diagnostic window in patients who did not ultimately 
receive either colon or liver resection. Evaluation by a 
surgeon was determined by the presence of CPT/HCPCS 
codes for office visits (99201-99215; 99214-99245) with an 
associated surgical specialization code (HCFASPEC 02, 28, 
33, 77, 78, 91). 

 Prior to analysis, we defined the categorical variables we 
hypothesized would be associated with receipt of hepatic 
resection including patient age, race, gender, Klabunde-
Charlson comorbidity score (18,19), socioeconomic status 
(based on % poverty level), urban/rural location, and year 
of diagnosis. Patient comorbidity was assessed using the 
Klabunde modification of the Charlson comorbidity score 
(CCS) (18,20) represented by three categories: 0 (low), 
1 (moderate), and 2 or greater (high). The percentage of 
people living below the poverty line in a patient’s Census 
tract was used as a proxy for socioeconomic status. This 
was categorized as <5%, 5–10%, 10–20% and >20% below 
the poverty line. The urban/rural location was based on 
the codes provided in the SEER PEDSF file and was 
categorized as follows: metropolitan area (population  
≥1 million), metropolitan area (population <1 million), and 
non-metropolitan. 

Statistical analysis

Univariate associations between receipt of hepatic resection 
and the above-mentioned characteristics were assessed using 
Pearson’s χ2 tests for categorical variables. The adjusted 
association between the patient variables and hepatic 
resection were analyzed using a multivariable logistic 
regression including all variables significantly associated 
with hepatic resection in univariate analysis (P<0.05). A 
similar analysis was performed to evaluate the association 
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between patient factors and surgeon evaluation among 
patients who never underwent any surgical therapy (either 
colon or liver resection).

Joinpoint regression analysis 

We also utilized joinpoint regression to further examine 
specific temporal trends in liver resection and surgical 
evaluation for stage IV colon cancer patients (21). This 
analysis allows for calculation and plotting of best-
fit regression models for the function of a dependent 
variable (i.e., hepatic resection) as it relates to a continuous 
independent variable (i.e., time). When the slope of the 
regression curve, which represents the trend over that time 
period, changes significantly from the slope of neighboring 
time intervals, a “joinpoint” is generated (22). Each interval 
change in the dependent variable over time is represented 
by the annual percentage change (APC). The overall change 
in the variable across the study period is the average annual 
percentage change (AAPC). When there are no joinpoints 
defined across a regression curve, the APC is equal to the 
AAPC. Trends are deemed statistically significant (P<0.05) 
when the AAPC is different from zero and the 95% 
confidence interval (95% CI) does not contain zero and the 
null hypothesis is rejected. 

Two-tailed tests were used for all analyses and statistical 
significance was defined at P<0.05. Statistical analysis 
was conducted using STATA 14.0 (STATA Inc., College 
Station, TX, USA) and the Joinpoint Regression Program 
(version 4.4.0.0—June 2016; Statistical Methodology and 
Applications Branch, Surveillance Research Program, 
National Cancer Institute, Bethesda, MD). The study was 
reviewed and exempted by the Institutional Review Board 
of the Hospital of the University of Pennsylvania.

Results

Cohort characteristics 

From 2000 to 2011, there were 11,351 patients with colon 
cancer and SHM (Table 1). Median age was 77 years (IQR 
71, 82) with 83.3% (n=9,456) aged 70 or older as shown 
in Table 1. The majority of patients were female (n=6,073; 
53.5%) and Caucasian (n=9,213; 81.2%). Mean Charlson 
Comorbidity Score was 0.66 with the majority (62%) having 
no reported comorbidities, 22% with 1, and 16% with 2 or 
more.

Hepatic resection

Among all cohort patients, only 465 (4.1%) underwent a 
surgical hepatic resection. The rate of resections per year 
increased significantly rising from 3.6% of stage IV patients 
with SHM in 2000 to 5.4% in 2011 (P=0.03). This trend was 
significant on joinpoint analysis [AAPC of 3.9% (95% CI: 
1.6–6.4%, P<0.001)] as shown in Figure 1A. Among patients 
who underwent elective colectomies, the rate of hepatic 
resection was higher overall and increased at an even greater 
rate, rising from 5.7% in 2000 to 12.9% in 2011 (AAPC 
8.6%, 95% CI: 5.2–12.2%, P<0.001) (Figure 1B).

Relative to patients not receiving hepatic resection, 
those who received hepatic resection were more likely 
to be younger, Caucasian, and have fewer comorbidities 
(Table 1). Almost 7% of the patients aged 66–70 underwent 
hepatic resection (33.1% of all patients who underwent 
resection), compared with 1.4% of patients older than 85 
(4.5% of resection patients) (P<0.001). Patients with higher 
comorbidity scores were less likely to undergo hepatic 
resection, with only 2.5% of those patients with CCS of 
≥2 undergoing resection, compared to 4.6% of those with 
scores of 0 (P<0.001). 

Differences were also noted based on race and socio-
economic status. Among Caucasian patients in the cohort, 
4.3% underwent hepatic resection, compared to only 2.7% 
of African-American patients (P=0.02). Among patients 
living in areas with <5% poverty, 5.1% underwent hepatic 
resection, compared to 2.9% of patients living in areas with 
>20% poverty (P=0.001).

In multivariable analysis, age, comorbidity, race, poverty 
level, and calendar year were independent predictors of liver 
resection (Table 2). For example, patients age 76–80 were half 
as likely to undergo hepatic resection as those aged 66–70 (OR 
0.50; 95% CI: 0.35–0.60; P<0.001). Similarly, likelihood of 
patients with a Charlson ≥2 undergoing hepatic resection was 
over 40% lower than those of patients with a Charlson score 
of 0 (OR 0.59; 95% CI: 0.43–0.81; P=0.001). 

Significant disparities related to race and socioeconomic 
status were also identified. The odds of African American 
patients undergoing hepatic resection was 30% lower than 
those of Caucasian patients (OR 0.70; 95% CI: 0.50–0.99; 
P=0.05). Living in areas with higher poverty was also associated 
with a steady decrease in the odds of hepatic resection. Patients 
from areas with 10-20% or >20% poverty were almost 29% 
(OR 0.71; 95% CI: 0.55–0.91; P=0.007) and 44% (OR 0.56; 
95% CI: 0.41–0.77; P<0.001) less likely to have a hepatic 
resection than patients from areas with <5% poverty.
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Table 1 Patient cohort characteristics by liver resection status 

Patient characteristic Overall cohort, N=11,351 (%) No hepatic resection, N=10,886 (%) Hepatic resection, N=465 (%) P value

Age (years) <0.001

66–70 2,374 (20.9) 2,220 (20.4) 154 (33.1)

71–75 2,695 (23.7) 2,545 (23.4) 150 (32.3)

76–80 2,645 (23.3) 2,563 (23.5) 82 (17.6)

81–85 2,094 (18.5) 2,036 (18.7) 58 (12.5)

86+ 1,543 (13.6) 1,522 (14.0) 21 (4.5)

Gender 0.58

Male 5,278 (46.5) 5,056 (46.4) 222 (4.2)

Female 6,073 (53.5) 5,830 (53.6) 243 (4.0)

Charlson <0.001

0 7,025 (61.9) 6,703 (61.6) 322 (69.2)

1 2,515 (22.2) 2,417 (22.2) 98 (21.1)

2+ 1,811 (15.9) 1,766 (16.2) 45 (9.7)

Location 0.79

Metro (>1 million) 6,124 (54.0) 5,868 (53.9) 256 (55.1)

Metro (<1 million) 3,260 (28.7) 3,133 (28.8) 127 (27.3)

Non-Metro 1,967 (17.3) 1,885 (17.3) 82 (17.6)

Race 0.02

White 9,213 (81.2) 8,818 (81.0) 395 (84.9)

African-American 1,434 (12.6) 1,395 (12.8) 39 (8.4)

Other 704 (6.2) 673 (6.2) 31 (6.7)

Poverty 0.001

<5% 2,887 (25.4) 2,741 (25.2) 146 (31.4)

5% to <10% 3,051 (26.9) 2,916 (26.8) 135 (29.0)

10% to <20% 3,078 (27.1) 2,962 (27.2) 116 (24.9)

≥20% 2,335 (20.6) 2,267 (20.8) 68 (14.6)

Year 0.03

2000–2002 3,140 (27.7) 3,030 (27.8) 110 (23.7)

2003–2005 3,148 (27.7) 3,025 (27.8) 123 (26.4)

2006–2008 2,698 (23.8) 2,586 (23.8) 112 (24.1)

2009–2011 2,365 (20.8) 2,245 (20.6) 120 (25.8)
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Surgical evaluation

Rates of evaluation by a surgeon among patients who had no 
surgical therapy (colon or hepatic resection) were identified. 
Approximately 35% (n=3,984) of patients identified with 
SHM did not undergo colon or hepatic resection. Among 
these patients, 1,000 (25.1%) were evaluated by a surgeon 
in the peri-diagnosis period. Figure 2 demonstrates a 
significant increase in the proportion of patients receiving 
surgical evaluation over time from 21.6% in 2000 to 29.1% 
in 2011 (AAPC 3.3%, 95% CI: 1.1–5.6, P<0.001). 

In multivariable analysis, several patient factors were 
significantly associated with surgical evaluation (Table 3). 

Figure 1 Proportions of stage IV colon cancer patients (y-axis) who underwent liver resection by year (x-axis). (A) Rates of liver resections 
among all stage IV colon cancer patients, 2000–2011. There is a steady increase in percentage of all patients with stage IV colon cancer 
undergoing liver resections for metastatic disease, and overall rate of change over time was significant with an average annual percentage 
change (AAPC) of 3.9%, P<0.001. (B) Rates of liver resections among stage IV colon cancer patients who underwent elective colectomies, 
2000–2011. There is a rapid increase in liver resection rates among those patients with stage IV colon cancer, who also underwent elective 
colectomy. This rate of change was significant over time with an AAPC of 8.6%, P<0.001.

Table 2 Multivariable analysis—odds of liver resection by patient 
characteristics 

Patient characteristic
Multivariate analysis

OR 95% CI P value

Age (years)

66–70 Reference

71–75 0.86 0.68–0.35 0.20

76–80 0.50 0.35–0.60 <0.001

81–85 0.40 0.29–0.55 <0.001

86+ 0.19 0.12–0.30 <0.001

Charlson

0 Reference

1 0.89 0.71–1.13 0.34

2+ 0.59 0.43–0.81 0.001

Race

White Reference

African-American 0.70 0.50–0.99 0.05

Other 1.07 0.73–1.56 0.72

Poverty

<5% Reference

5–10% 0.83 0.66–1.06 0.14

11–20% 0.71 0.55–0.91 0.007

>20% 0.56 0.41–0.77 <0.001

Year

2000–2002 Reference

2003–2005 1.14 0.88–1.49 0.32

2006–2008 1.27 0.97–1.67 0.08

2009–2011 1.66 1.27–2.17 <0.001

Figure 2 Rates of surgical evaluations among patients with stage 
IV colon cancer (y-axis) who did not undergo resection, 2000–2011 
(x-axis). Within the study period, among stage IV colon cancer 
patients who did not undergo liver resection for their metastatic 
disease, there is an increase in proportion of patients who were 
evaluated by a surgeon during the peri-diagnosis period. This 
percentage increased significantly over time with an average annual 
percentage change (AAPC) of 3.3%, P<0.001. 
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As with hepatic resection, the odds of surgical evaluation 
decreased steadily with increasing age and comorbidity. 
The odds of a 76–80-year old patient seeing a surgeon were 

33% lower than those of a 66–70-year old patient (OR 0.67, 
P<0.001). The odds ratio for patients 81–85 years old was 
0.42 (P<0.001). Patients with Charlson ≥2 had odds that 
were over 20% lower (OR 0.79, P=0.03) than patients with 
Charlson of 0. 

Race and socioeconomic variables were also related 
to receipt of surgical evaluation. The odds of an African 
American seeing a surgeon were 25% lower than those for 
a Caucasian patient (OR 0.75, P=0.02). Patients from areas 
of highest poverty had significantly lower odds of a surgeon 
than those with the least poverty (OR 0.70, P=0.004). 
Patients from non-metropolitan areas had the highest odds 
of seeing a surgeon (OR 1.98, P<0.001). Patients from 
smaller metropolitan regions (<1 million) were also more 
likely to see a surgeon than those patients from the largest 
metropolitan areas (>1 million) (OR 1.27, P=0.007).

Discussion 

This is a retrospective study of a national cohort of patients 
with stage IV colon cancer presenting with SHM between 
2000–2011. Our findings demonstrate that, although rates 
of hepatic resection in this population remain low, they 
have increased steadily over time. We identified important 
disparities in the receipt of hepatic resection; namely 
African Americans and patients from high poverty locations 
were less likely to undergo hepatic resection. Similarly, we 
found that relatively few patients in the cohort actually saw 
a surgeon after diagnosis and that similar disparities exist.

It is important to note the overall low rate of hepatic 
resection in this cohort. Even in 2011, only 13% of 
these patients who received elective colon resection also 
had an identified hepatic resection. It is recognized that 
the incidence rate for colon cancer has been decreasing 
recently (23,24), likely due to increased efficacy in screening 
modalities and improved compliance with screening 
guidelines (25,26). Operations for patients with metastatic 
colon cancer, however, have been increasing as the safety 
profiles of these operations have improved and evidence 
has emerged supporting improved survival outcomes 
with resection of certain metastases (23,27-30). Our 
study confirms a trend toward a more aggressive surgical 
approach, specifically in patients with SHM, which has been 
demonstrated in previous studies (31,32). The overall low 
rates of hepatic resection in our cohort are paralleled by a 
low rate of surgical evaluation in the months surrounding 
diagnosis of stage IV colon cancer. 

We also observed that older patients with more 

Table 3 Multivariable analysis for likelihood of surgical evaluation

Patient characteristic
Multivariate

OR 95% CI P value

Age (years)

66–70 Reference

71–75 0.90 0.72–1.11 0.32

76–80 0.67 0.54–0.83 <0.001

81–85 0.42 0.33–0.53 <0.001

86+ 0.32 0.24–0.42 <0.001

Charlson

0 Reference

1 1.03 0.86–1.23 0.74

2+ 0.79 0.64–0.97 0.03

Gender

Male Reference

Female 0.96 0.83–1.12 0.63

Race

White Reference

African-American 0.75 0.59–0.96 0.02

Other 0.59 0.42–0.83 0.003

Location

Metro (>1 million) Reference

Metro (<1 million) 1.27 1.07–1.51 0.007

Non-Metro 1.98 1.60–2.45 <0.001

Poverty

<5% Reference

5–10% 0.87 0.71–1.07 0.20

11–20% 1.01 0.82–1.26 0.88

>20% 0.70 0.54–0.89 0.004

Year

2000–2002 Reference

2003–2005 1.26 1.01–1.57 0.04

2006–2008 1.43 1.14–1.78 0.002

2009–2011 1.67 1.35–2.08 <0.001
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comorbidities were less likely to undergo hepatic resection. 
This is intuitive, as life expectancy for older patients may be 
less than that of the potential survival benefit that surgery 
may offer. Decreased quality of life and increased risk of 
morbidity in older patients with comorbidities may be a 
significant deterrent for those patients, their families, and 
their physicians when considering a major operation (33,34).

More concerning, however, is our finding that African 
American patients and patients from areas with higher 
poverty rates are significantly less likely to be seen by a 
surgeon and undergo hepatic resection. The explanation 
for this is likely multi-factorial, but all are important to 
consider. First, there could be provider-level differences 
in referring stage IV patients for surgical evaluation. It has 
been shown that race and socioeconomic status influence 
provider recommendations for invasive procedures (35,36). 
Also, these patients may be less likely to seek out surgical 
evaluation on their own if it is not offered by their primary 
treating physicians (37). 

Second, African American patients and poorer patients 
may be less likely to accept surgical evaluation or consent to 
major cancer surgery. Minority patients hold more fatalistic 
views about the disease and are more likely to refuse 
recommended treatment (38). Education by providers 
regarding the safety of cancer surgery and evidence-based 
survival benefits, in the appropriate setting, are important 
to help increase uptake of cancer-directed therapy in these 
minority cohorts.

Finally, African American patients and poorer patients 
may receive lower rates of hepatic resection because they 
present more frequently with truly unresectable disease. It 
is well known that both racial and socioeconomic disparities 
exist in CRC screening and with stage of presentation of 
CRC. For example, Africans Americans are more likely than 
Caucasians to present with stage IV CRC (12). It is probable 
that disparities in screening and early identification of CRC 
contribute to this. Access to care and continuity of care are 
major factors in provision of adequate cancer screening as 
described in recent literature (39). 

Several limitations of this study are worth mentioning. 
First, the analysis is limited to patients aged 65 years 
and above. However, more than half of CRC patients 
are diagnosed after the age of 65, making our findings 
generalizable to the diseased population. Also, the data 
available within this SEER-Medicare cohort do not allow 
for evaluation of disease-specific factors, which may play 
a role in surgical; decision-making. Most importantly, we 
cannot know the extent of tumor burden of the metastases at 

the time of presentation. Some proportion of patients who 
did not undergo surgical evaluation or resection may have 
been deemed, appropriately, to have unresectable disease 
at initial assessment. Additionally, we cannot determine 
the true rate of referrals for surgical evaluation by primary 
providers or recommendations for surgical therapy by 
surgeons. Furthermore, given the somewhat surprising low 
rates of surgical resection within the SHM cohort as well 
as surgical evaluation among those who did not undergo 
resection, errors in coding (i.e., miscoding of procedures or 
offices visits, and incomplete charting) must be considered. 
If, however, none of the above-mentioned differences existed, 
then the rates of resectable disease and surgical referrals, 
etc., should be similar across patient groups. That we see a 
significant difference in receipt of surgical evaluation and 
hepatic resection indicates that disparities likely exist.

Importantly, although we know the patients here 
presented with stage IV disease as coded by the SEER 
abstractor, we cannot verify that they had liver metastases. 
In fact, SEER-Medicare reviewers have substantive concerns 
about using these data to identify sites of metastases. We 
recognize that the SEER-Medicare reviewers feel any 
findings from this analysis may be inaccurate or misleading. 
We believe, however, that we addressed this by only 
including patients if an ICD-9 code for secondary liver 
malignancy was present in the peri-diagnosis time period. 
By only including patients who had an identifiable code, 
we feel that these patients represent a clean cohort of stage 
IV colon patients with hepatic metastases at the time of 
diagnosis. Additionally, as mentioned above, any under-
diagnosis, or misdiagnosis, of metastatic disease site by 
coding, should be equal across groups and would not affect 
the important disparities in care noted here.

Conclusions

Resection for SHM in stage IV colon cancer can be safe 
and improve long-term outcomes. Consistent with this, 
we demonstrate that rates of surgical evaluation and 
hepatic resection in these patients have increased. The 
rates, however, remain low. Education should be provided 
to primary care providers and oncologists regarding the 
surgical options available, and their safety, even in patients 
with extensive liver disease. These providers should 
lower their thresholds for referring patients for surgical 
consultation, as lack of evaluation will result in lack of 
access to all possible treatment options.

More troubling is the evidence that significant patient-
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level differences in surgical evaluation and treatment 
continue to exist. It is imperative to identify modifiable 
barriers in access to evaluation and intervention in minority 
and poor patients. These barriers may exist as early as 
the screening process and extend all the way to provider 
and patient attitudes towards aggressive surgical therapy 
after diagnosis. In a recent article, Morris et al. address 
the multi-factorial issues surrounding disparities in cancer  
treatment (40). They offer several solutions including 
“dissemination and promotion of basic standards for 
quality of cancer care among all providers.” In stage IV 
disease, provider education regarding the available surgical 
treatment options and standardization of surgical referrals 
may help decrease the observed disparities. Additionally, 
continued patient education is required in the community to 
increase screening uptake, decrease the rate of unresectable 
disease, and increase the willingness of patients to undergo 
surgical evaluation and treatment. As pointed out by others, 
only education and policy changes based on recognized 
cultural differences will have a chance at addressing the 
disparities in cancer patients in “seeking, accepting, and 
receiving care.” (40).
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