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ABSTRACT

Background. Liver-directed therapies (LDT) are impor-

tant components of the multidisciplinary care of patients

with colorectal cancer liver metastases (CRCLM) that

contribute to improved long-term outcomes. Factors asso-

ciated with receipt of LDT are poorly understood.

Patients and Methods. Patients[65 years old diagnosed

with CRCLM were identified within the Medicare Standard

Analytic File (2013–2017). Patients with extrahepatic

metastatic disease were excluded. Mixed-effects analyses

were used to assess patient factors associated with the

primary outcome of LDT, defined as hepatectomy, abla-

tion, and/or hepatic artery infusion chemotherapy (HAIC),

as well as the secondary outcome of hepatectomy.

Results. Among 23,484 patients with isolated CRCLM,

only 2004 (8.5%) received LDT, although resectability

status could not be determined for the entire cohort.

Among patients who received LDT, 61.7% underwent

hepatectomy alone, 28.1% received ablation alone, 8.5%

underwent hepatectomy and ablation, and 1.8% received

HAIC either alone (0.8%) or in combination with

hepatectomy and/or ablation (0.9%). Patient factors inde-

pendently associated with lower odds of LDT included

older age, female sex, Black race, greater comorbidity

burden, higher social vulnerability index, primary rectal

cancer, synchronous liver metastasis, and further distance

from a high-volume liver surgery center (p\0.05). Results

were similar for receipt of hepatectomy.

Conclusions. Despite the well-accepted role of LDT for

CRCLM, only a small proportion of Medicare beneficiaries

with CRCLM receive LDT. Increasing access to special-

ized centers with expertise in LDT, particularly for Black

patients, female patients, and those with higher levels of

social vulnerability or long travel distances, may improve

outcomes for patients with CRCLM.

Colorectal cancer (CRC) is the third most common

cause of cancer with an estimated annual incidence of

151,030 cases per year, and is the third leading cause of

cancer death in the USA.1 The most common site of distant

metastasis from CRC is the liver, with up to 25% of

patients presenting with synchronous colorectal cancer

liver metastasis (CRCLM) and as many as 50% of patients

eventually developing metachronous CRCLM.2,3 While

median overall survival with systemic chemotherapy alone

is only 24 months, potentially curative liver-directed ther-

apy (LDT), including hepatectomy, radiofrequency or

microwave ablation, and/or hepatic artery infusion

chemotherapy (HAIC), can be associated with 5-year

overall survival as high as 60%.4,5
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The definition for resectability of CRCLM in recent

decades has expanded to include any patient in whom all

primary and metastatic disease can be surgically removed

with negative margins and an adequate future liver remnant

can be maintained.6 Furthermore, modern systemic

chemotherapy regimens,7–11 development of minimally

invasive liver ablation techniques,12 and decreased mor-

bidity associated with HAIC13,14 have led to improved

survival and a further increase in the number of patients

who may be eligible for curative-intent LDT. However, the

definition of resectability and determination of which

patients with CRCLM may benefit from LDT remains

complex and highly variable across medical providers.15,16

Given the complexity in the assessment and decision-

making regarding the surgical management of CRCLM and

the limited number of available specialists and tertiary care

centers in the USA, several prior studies have raised con-

cerns regarding possible disparities in access to specialty

care for patients with CRCLM.17–19 These studies utilized

older data and focused only on surgical resection of

CRCLM rather than LDT more broadly. Using national

Medicare claims data, we seek to identify patient factors

that contributed to specialty care on the basis of the

hypothesis that significant disparities currently exist in

receipt of various LDT modalities, including hepatectomy,

ablation, and HAIC relative to patient race, socioeconomic

status, and travel distance to specialty centers.

PATIENTS AND METHODS

Data Sources

Medicare Medicare beneficiaries[65 years old with an

initial diagnosis of colorectal cancer between 1 January

2013 and 31 March 2017 using International Classification

of Diseases, Ninth Edition (ICD-9) and Tenth Edition

(ICD-10) codes were identified within the Medicare 100%

Inpatient Standard Analytic File (SAF). The SAF is

managed by the Centers for Medicare and Medicaid

Services (CMS) and includes patient-level inpatient,

outpatient, skilled nursing facility, home health, and

hospice claims data with respect to demographics,

diagnoses, procedures, and costs. The claims are linked

to the Medicare Limited Data Set Denominator and Master

Beneficiary Summary Files to obtain insurance status and

mortality data. Medicare SAF data were available from 1

January 2012 to 31 December 2017. Therefore, each

patient had at least one year of ‘‘look back’’ claims to

identify the initial diagnosis of colorectal cancer. Using

similar methodology, the study cohort was then restricted

to patients with an initial diagnosis of liver metastasis

between 1 January 2013 and 31 March 2017 and either 60

days prior to or within 3 years following the initial

diagnosis of colorectal cancer. Each patient had at least 9

months of potential follow-up following the initial

diagnosis of liver metastasis. Further exclusion criteria

included: (1) a diagnosis of other distant metastases prior to

or within 180 days following the initial diagnosis of

colorectal cancer; (2) a diagnosis of primary esophageal,

gastric, small bowel, hepatopancreaticobiliary, or

gynecologic cancer prior to or within 180 days following

the initial diagnosis of liver metastasis; (3) discontinuous

enrollment in Medicare Part A/B or HMO enrollment from

the date of initial diagnosis of colorectal cancer through the

date of death or end of the study period on 31 December

2017; and (4) missing county of residence for the patient.

All administrative coding utilized for the study is presented

in Table 1.

NIS The Nationwide Inpatient Sample (NIS) was utilized

to determine the proportion of Medicare beneficiaries who

underwent hepatectomy (36.2%) for cancer between 2013

and 2016 to estimate the total annual hospital volume. The

NIS is a part of the Healthcare Cost and Utilization Project

and is the largest publicly available national all-payer

hospital database with a weighted sample of[ 35 million

inpatient admissions in the USA annually.20 This

methodology, using the NIS to estimate total volume for

hospitals within Medicare claims, has been previously

utilized and described.21,22 Using the estimated total annual

hospital volume, hospitals were dichotomized into low-

and high-volume liver surgery centers. Utilizing the lowest

tertile of annual volume as the cutoff a priori, low-volume

liver surgery centers were defined as hospitals that

performed an average of \ 20 liver resections for cancer

per year, and high-volume liver surgery centers were

defined as hospitals that performed an average of C 20

liver resections for cancer per year.

Outcomes

The primary outcome was receipt of LDT within 365

days of the date of the initial liver metastasis diagnosis.

LDT was defined as hepatectomy, percutaneous, laparo-

scopic, or open liver ablation, and/or receipt of hepatic

artery infusion chemotherapy (HAIC) (Table 1). Other

LDT modalities such as transarterial embolization (TAE)

or chemoembolization (TACE), yttrium-90 (Y-90)

radioembolization, and stereotactic body radiation therapy

(SBRT) were not evaluated as these procedures are most

often palliative in nature without a goal of cure. The sec-

ondary outcome was receipt of hepatectomy within 365

days of the date of the initial liver metastasis diagnosis.

C. T. Aquina et al.



TABLE 1 Administrative coding utilized for the study

Cancer diagnoses

Colorectal cancer Right colon cancer

153.0–153.1, 153.4, 153.6

C18.0, C18.2–C18.4

Left colon cancer

153.2–153.3, 153.7, 154.0

C18.5–C18.7, C19

Colon of unspecified site

153.8–153.9

C18.8–C18.9

Rectal cancer

154.1

C20

Liver metastasis 155.2, 197.7

C22.9, C78.7

Other distant metastasis Lung/intrathoracic metastasis

197.0–197.3

C78.00–C78.39

Peritoneal metastasis

158.8–158.9, 197.6

C48.1–C48.8, C78.6

Brain metastasis

198.3

C79.31–C79.32

Adrenal metastasis

198.7

C79.70–C79.72

Other primary abdominal cancer Esophageal cancer

150.0–151.0

C15.3–C16.0

Gastric cancer

151.1–151.9

C16.1–C16.9

Small bowel cancer

152.0–152.9

C17.0–C17.9

Hepato–pancreatico–biliary cancer

155.0–155.1, 156.0–157.9

C22.0–C22.8, C23–C25.9

Gynecologic cancer

179–184.9

C51.0–C58

Operations

Hepatectomy 50.22, 50.3

0FB00ZZ, 0FB04ZZ, 0FT10ZZ, 0FT14ZZ, 0FT20ZZ, 0FT24ZZ

47100, 47120, 47122, 47125, 47130

Disparities in Care Access to…



Covariates

Patient factors included age (66–69, 70–79, or C 80

years), sex, race (white, Black, or other), van Walraven

Elixhauser comorbidity score, Centers for Disease Control

and Prevention (CDC) Social Vulnerability Index charac-

terized into quintiles, year of diagnosis, primary cancer

site, synchronous versus metachronous CRCLM, and dis-

tance to the nearest high-volume liver surgery center. The

van Walraven Elixhauser comorbidity score is a validated

modification of the 30 Elixhauser binary comorbidity

measures that uses a weighted score for each of the

comorbidities to compute a single numeric score for

administrative data using ICD-9/ICD-10 diagnosis

codes.23,24 The CDC Social Vulnerability Index is a

county-level estimate of the population’s social vulnera-

bility based on 15 US census variables including

socioeconomic status, household composition and disabil-

ity, minority status and language, and housing type and

transportation.25 Primary cancer site was categorized into

right colon, left colon, unspecified colon site, and rectal

cancer. Synchronous CRCLM was defined as an initial

liver metastasis diagnosis date within 180 days of initial

CRC diagnosis date, and metachronous CRCLM was

defined as an initial liver metastasis diagnosis date 180

days or more after initial CRC diagnosis date. Distance to

the nearest high-volume liver surgery center and distance

to the nearest HAIC center were estimated using the great-

circle distance in miles from the county centroid of the

patient’s primary residence at the time of diagnosis to the

county centroid of the nearest high-volume liver surgery

center and nearest HAIC center, respectively, using the

Haversine formula. This information was available through

the National Bureau of Economic Research (NBER) and

based upon the Federal Information Processing Standard

Publication (FIPS) U.S. county codes using 2010 US cen-

sus data.26

Statistical Analysis

Bivariate analyses were performed assessing the asso-

ciation between factors and receipt of LDT using chi-

squared and Mann–Whitney U tests, and clinically appro-

priate factors were manually entered into multivariable

analyses for the outcomes of LDT and hepatectomy. Two-

level Bayesian multivariate mixed-effects analyses were

performed accounting for clustering of patients at the

county level while evaluating factors associated with the

outcome measures.27,28 Weakly informative independent

normal priors were specified for the log odds ratio, variance

parameters were set to 1, covariances to 0, and the degree

of belief to 0.002, and the Gibbs sampler was utilized to

run Bayesian models for 13,000 Monte Carlo Markov

chain iterations with a burn-in of 3000 iterations.22,29

Bayesian mixed-effects logistic regression analyses

were performed using the MCMCglmm package in R

version 4.1.0 (R Foundation for Statistical Computing,

Vienna, Austria).29 All other analyses were performed

using SAS 9.4 (SAS Institute, Cary, NC). The study was

approved by the Institutional Review Board at the Ohio

State University Wexner Medical Center.

RESULTS

Study Cohort Characteristics

A total of 23,484 patients met inclusion criteria. Among

61,829 patients with an initial diagnosis of CRC and liver

TABLE 1 continued

Liver ablation 50.23, 50.24, 50.25, 50.26

0F500ZZ, 0F503ZZ, 0F504ZZ, 0F510ZZ, 0F513ZZ, 0F514ZZ, 0F520ZZ, 0F523ZZ, 0F524ZZ

47370, 47371, 47380, 47381, 47382

HAIC pump placement 8606

0JH60VZ, 0JH80VZ, 0JHT0VZ, 04H303Z, 04H333Z, 04H343Z

HAIC (floxuridine)

HCPCS code J9200

National drug codes 00143927001, 55390013501, 63323014507

Ambulatory payment classification code 00827

Surgeon taxonomy

General surgery 208600000X

Surgical oncology 2086X0206X

Transplant surgery 204F00000X

HAIC hepatic artery infusion chemotherapy, HCPCS Healthcare common procedure coding system
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metastasis, a total of 38,345 patients were excluded owing

to other distant metastatic disease (N = 24,869), another

primary abdominal malignancy (N = 4857), discontinuous

enrollment in Medicare Part A/B or HMO enrollment (N =

8523), or missing county of residence (N = 96).

The most common primary cancer site was right-sided

colon cancer (32.9%; N = 7738) followed by left-sided

colon cancer (29.9%; N = 7024), unspecified colon cancer

site (20.4%; N = 4792), and rectal cancer (16.7%; N =

3930). The median age of the study cohort was 77 [in-

terquartile range (IQR) = 71–84] years. A higher

proportion of patients were male (52.4%; N = 12,310), of

white (84.3%; N = 19,798) versus Black (10.8%; N = 2543)

or other race/ethnicity (4.9%; N = 1,143) and had syn-

chronous CRCLM (82.4%; N = 19,356) versus

metachronous disease (17.6%; N = 4128). The median

distance to the nearest high-volume liver surgery center

was 40.4 (IQR = 13.7–83.6) miles, and 12.9% of patients

(N = 3028) lived more than 120 miles from the nearest

high-volume liver surgery center. The median distance to

the nearest HAIC center was 130.2 (IQR = 68.7–247.3)

miles, and 53% of patients (N = 12,449) lived more than

120 miles from the nearest HAIC center.

Liver-Directed Therapy (LDT)

Overall, 8.5% (N = 2004) underwent LDT with hepa-

tectomy, liver ablation, and/or HAIC. Among patients who

received LDT, 71.7% (N = 1437) underwent hepatectomy,

38.1% (N = 764) underwent liver ablation, and 1.8% (N =

36) received HAIC. Table 2 presents the bivariate analysis

assessing factors associated with LDT and Table 3 presents

the multivariable analyses assessing factors associated with

LDT. Older age, female sex, Black race, higher comor-

bidity burden, lower socioeconomic status, primary rectal

cancer, synchronous CRCLM, and further distance from

the nearest high-volume liver surgery center were inde-

pendently associated with lower odds of LDT.

Hepatectomy

Overall, 6.1% of patients underwent hepatectomy as the

initial LDT modality. Table 3 presents the multivariable

analyses assessing factors associated with hepatectomy.

Results were similar to that of LDT. Specifically, older age,

female sex, Black race, higher comorbidity burden, lower

socioeconomic status, primary rectal cancer, synchronous

metastasis, and further distance from the nearest high-

volume liver surgery center were independently associated

with lower odds of hepatectomy.

DISCUSSION

Less than 10% of Medicare beneficiaries with CRCLM

underwent LDT in the form of hepatectomy, ablation, and/

or HAIC between 2013 and 2017. Furthermore, patients

who were Black, had higher social vulnerability, or lived

further away from a high-volume liver surgery center were

less likely to undergo LDT or hepatectomy. These findings

demonstrate that considerable disparities continue to exist

in the treatment of CRCLM and highlight the importance

of future research and interventions aimed at improving

access to care for these at-risk patient populations.

Prior studies using older regional or national data noted

similar disparities with respect to undergoing hepatectomy

for CRCLM. In a retrospective cohort study by Neuwirth

et al. using Surveillance, Epidemiology and End Results

(SEER) Medicare data that included 11,351 patients diag-

nosed with synchronous CRCLM between 2000 and 2011,

only 4.1% of patients underwent hepatectomy and 25%

saw a surgeon after diagnosis.17 The authors similarly

observed that Black patients and those living in ZIP codes

with higher levels of poverty were significantly less likely

to undergo surgical treatment. However, the study did not

exclude patients with other sites of distant metastasis,

included only patients with synchronous CRCLM, and

focused only on receipt of hepatectomy, which may explain

the lower rate of LDT compared with the current study.

In another retrospective population-based study using

the California Cancer Registry between 2000 and 2012,

Raoof et al. evaluated county-level variation in liver

resection rates for synchronous CRCLM.18 The authors

observed that the overall rate of hepatectomy was only

10% with county-level rates ranging from 0 to 33% with no

improvement over the course of the study period. The

authors also noted that Black patients and those with

Medicaid insurance were significantly less likely to

undergo hepatectomy and patients who underwent initial

treatment at a National Cancer Institute-Designated Cancer

Center or a high-volume liver surgery hospital were sig-

nificantly more likely to undergo liver resection. In a study

by Thornblade et al. using a similar study cohort using the

California Cancer Registry, the authors observed that Black

patients with CRCLM had lower median overall survival

and lower rates of chemotherapy receipt and liver resection

compared with white patients.19 However, there was no

difference in overall survival between Black and white

patients who underwent hepatectomy for CRCLM, sug-

gesting that access to care may explain a significant

proportion of the racial disparity in survival.

The reason for these low rates of LDT are likely mul-

tifactorial. The definition of ‘‘resectability’’ of CRCLM is

complex and varies widely across providers and specialties.

In a case-based survey of 112 medical oncologists in

Disparities in Care Access to…



TABLE 2 Bivariate analysis of factors associated with liver-directed therapy (LDT)

Factor No LDT (N = 21,480) (91.5%) LDT (N = 2004) (8.5%) P-value

Age (years) \ 0.001

66–69 3506 (16.3) 623 (31.1)

70–79 8604 (40.1) 1053 (52.5)

C 80 9370 (43.6) 328 (16.4)

Sex \ 0.001

Male 11,146 (51.9) 1164 (58.1)

Female 10,334 (48.1) 840 (41.9)

Race \ 0.001

White 18,034 (84.0) 1764 (88.0)

Black 2421 (11.3) 122 (6.1)

Asian/other 1025 (4.8) 118 (5.9)

van Walraven Elixhauser comorbidity score \ 0.001

Median (IQR) 27 (20-34) 25 (17–31)

CDC social vulnerability index

Median (IQR) 54.6 (32.1–73.1) 52.4 (29.8–71.7) 0.008

1st quintile (least vulnerable) 2,777 (12.9) 309 (15.4) 0.01

2nd quartile 4,210 (19.6) 370 (18.5)

3rd quartile 5,412 (25.2) 517 (25.8)

4th quintile 5,536 (25.8) 503 (25.1)

5th quintile (most vulnerable) 3,545 (16.5) 305 (15.2)

Distance to nearest high-volume liver surgery center

Median (IQR) 40.7 (13.7–83.8) 39.8 (15.4–81.1) 0.36

\ 30 miles 8488 (39.5) 821 (41.0) 0.03

30–119 miles 10,219 (47.6) 928 (46.3)

120–239 miles 2275 (10.6) 192 (9.6)

C 240 miles 498 (2.3) 63 (3.1)

Year of diagnosis 0.01

2013 5959 (27.7) 559 (27.9)

2014 5390 (25.1) 564 (28.1)

2015 5008 (23.3) 456 (22.7)

2016 4222 (19.7) 355 (17.7)

2017 901 (4.2) 70 (8.5)

Primary cancer site \ 0.001

Right colon 7048 (32.8) 690 (34.4)

Left colon 6197 (28.8) 827 (41.3)

Colon of unspecified site 4750 (22.1) 42 (2.1)

Rectum 3485 (16.2) 445 (22.2)

Timing of carcinomatosis \ 0.001

Synchronous 17,877 (83.2) 1479 (73.8)

Metachronous 3603 (16.8) 525 (26.2)

Liver-directed therapy modality –

Hepatectomy alone – 1236 (61.7)

Ablation alone – 563 (28.1)

Hepatectomy ? ablation – 170 (8.5)

HAIC alone – 16 (0.8)

HAIC ? hepatectomy and/or ablation – 19 (0.9)

CDC Centers for disease control and prevention

C. T. Aquina et al.



Michigan who treat colorectal cancer, the proportion of

respondents who felt that specific patient factors were

contraindications to hepatectomy varied with respect to

extrahepatic disease (80.3%), poor performance status

(77.7%), presence of more than four metastatic lesions

(62.5%), bilobar metastases (43.8%), and metastasis size[
5 cm (40.2%).15 Furthermore, compared with low-referring

physicians, high-referring medical oncologists were more

likely to refer patients with moderate recurrence risk

(82.8% versus 9%, p \ 0.001) and high recurrence risk

TABLE 3 Multivariable analysis of factors associated with liver-directed therapy (LDT) and hepatectomy

Factor Liver-directed therapy OR (95% CI) Hepatectomy OR (95% CI)

Age (years)

66–69 Reference Reference

70–79 0.68 (0.60–0.77) 0.67 (0.58–0.75)

C 80 0.20 (0.17–0.23) 0.17 (0.14–0.20)

Sex

Male Reference Reference

Female 0.87 (0.79–0.98) 0.87 (0.77–0.98)

Race

White Reference Reference

Black 0.46 (0.37–0.56) 0.46 (0.36–0.59)

Asian/other 0.99 (0.77–1.25) 0.96 (0.73–1.25)

van Walraven Elixhauser comorbidity score 0.98 (0.97–0.99) 0.97 (0.97–0.98)

CDC social vulnerability index

Continuous (per 10th percentile increment increase)a 0.97 (0.95–0.99) 0.95 (0.93–0.98)

1st quintile (least vulnerable) Reference Reference

2nd quartile 0.80 (0.67–0.98) 0.83 (0.67–1.03)

3rd quartile 0.86 (0.71–1.01) 0.77 (0.64–0.95)

4th quintile 0.82 (0.69–0.98) 0.73 (0.60–0.90)

5th quintile (most vulnerable) 0.81 (0.66–0.97) 0.76 (0.62–0.96)

Year of diagnosis

2013 Reference Reference

2014 1.14 (1.00–1.31) 1.13 (0.96–1.34)

2015 0.96 (0.83–1.10) 0.96 (0.81–1.13)

2016 0.94 (0.81–1.09) 0.95 (0.78–1.14)

2017 0.86 (0.64–1.16) 0.95 (0.67–1.29)

Primary cancer site

Left colon Reference Reference

Right colon 0.81 (0.72–0.91) 0.88 (0.77–1.02)

Colon of unspecified site 0.08 (0.06–0.10) 0.06 (0.04–0.10)

Rectum 0.83 (0.73–0.96) 0.82 (0.70–0.97)

Timing of liver metastasis

Metachronous Reference Reference

Synchronous 0.68 (0.61–0.77) 0.80 (0.70–0.92)

Distance to nearest high-volume liver surgery center

Continuous (per 30-mile increment increase)a 0.99 (0.98–1.00) 0.99 (0.97–0.99)

\ 30 miles Reference Reference

30–119 miles 0.86 (0.76–0.97) 0.85 (0.74–0.96)

120–239 miles 0.76 (0.62–0.93) 0.69 (0.55–0.86)

C 240 miles 1.13 (0.82–1.53) 1.00 (0.69–1.41)

OR odds ratio, CI confidence interval, CDC Centers for disease control and prevention
aSeparate multivariable models were used to estimate continuous variable measures for CDC Social Vulnerability Index and distance to nearest

high-volume liver surgery center

Disparities in Care Access to…



(31.0% vs. 10.7%, p = 0.05). In another survey of 64

medical oncologists and surgeons of various subspecialties

in Canada using six clinical cases in which the patients

ultimately underwent successful one- or two-stage hepa-

tectomy and/or ablation of CRCLM, the proportion of

cases considered to have resectable disease varied widely

across physician specialties, including medical oncology

(51%), colorectal surgery (52%), general surgery (61%),

surgical oncology (75%), and hepatobiliary surgery

(92%).16 While underestimation of resectability by provi-

ders appears to limit referrals to liver surgeons, another

issue is geographic accessibility to a liver surgeon. In fact,

up to 40% of referring providers report having no liver

surgeons within their practice area.15 Furthermore, patients

with CRCLM who receive care at experienced, high-vol-

ume liver surgery centers are more likely to receive

surgery, and patients who are Black or have lower

socioeconomic status are less likely to receive care at a

high-volume hospital.18,30–32 This problem is likely

reflected in the current study by the markedly decreased

odds of LDT for patients living further away from a high-

volume liver surgery center, Black patients, and patients

with higher social vulnerability. Furthermore, patients who

are socioeconomically disadvantaged may not have the

financial means to travel to a liver surgery center.

Additional findings of the current study were that female

patients and those with right-sided colon cancer or syn-

chronous CRCLM were less likely to receive LDT. While

no definitive conclusions can be made on the basis of data

available within the study, these findings may be related to

tumor biology. Female patients were more likely to have

right-sided colon cancer (p \ 0.0001) and synchronous

CRCLM (p = 0.004) compared with male patients. Prior

studies have demonstrated that right-sided colon cancer is

associated with more extensive CRCLM and a higher

likelihood of KRAS and BRAF mutations and microsatellite

instability, which portend a worse prognosis, compared

with left-sided colon cancer and rectal cancer, and syn-

chronous CRCLM is associated with a higher burden of

liver metastases, rate of bilobar disease, and risk of

recurrence compared with metachronous CRCLM.33–38

Therefore, female patients and those with right-sided colon

cancer or synchronous CRCLM may be less likely have

CRCLM considered to be resectable or amenable to other

LDT modalities. However, future study is warranted to

determine whether there is a healthcare disparity related to

female sex or if this finding is a reflection of more

aggressive tumor biology.

There are several strategies that may help reduce these

disparities in the treatment of CRCLM. Under ideal cir-

cumstances, all patients with oligometastatic CRCLM

should undergo formal multidisciplinary review, including

evaluation by a liver surgeon who has received specialized

training in hepatobiliary surgery or complex general sur-

gical oncology.30 Universal use of multidisciplinary tumor

boards including medical oncologists, surgical oncologists/

hepatobiliary surgeons, interventional radiologists, and

radiation oncologists may help improve referral and rates

of LDT. In fact, up to 44% of patients who are assigned

palliative chemotherapy at tumor boards in which there is

no liver surgeon present are later found to be potentially

resectable following independent review by a liver sur-

geon.39 In geographic areas where there is no qualified

liver surgeon, virtual tumor board or telemedicine referral

and evaluation, which has been shown to be cost-effective

and economically viable for specialized care especially

during the COVID-19 pandemic, and the use of resources

from organizations such as the Americas Hepato–Pancre-

ato–Biliary Association that allow providers to remotely

query hepatobiliary surgeons for multidisciplinary review

and comment on specific cases may be alternative

options.30,40,41 Educating various stakeholders including

medical providers, policymakers, and payers regarding the

expanding criteria for resectability of CRCLM and the

efficacy of other LDT modalities may also lead to higher

referral rates and the creation of financial assistance pro-

grams for disadvantaged patients with limited financial

means and higher travel burden to the nearest liver surgery

center. Assistance programs offering subsidized travel and

accommodations may also be of particular benefit to

patients who are candidates for HAIC and require outpa-

tient visits every 2 weeks for filling of the pump with

floxuridine.

While this is the first large study to investigate overall

rates and disparities in use of LDT including hepatectomy,

ablation, and HAIC using national data, there are several

limitations. First, the Medicare SAF comprises adminis-

trative data that are susceptible to medical coding errors. In

addition, oncologic staging is not available within the data.

However, the use of diagnosis coding algorithms to iden-

tify metastatic disease in colorectal cancer within

administrative claims data has been shown to have low

false positive rates as evidenced by specificity [ 90% in

multiple validation studies.42,43 Furthermore, tumor biol-

ogy such as TNM classification, histology, and presence of

mutations and the location and burden of CRCLM that

affect resectability and candidacy for LDT are not available

within the Medicare claims. Therefore, the denominator of

patients with CRCLM amenable to LDT could not be

determined. However, with an estimated 15–20% of

patients having resectable CRCLM at the time of initial

diagnosis, the hepatectomy rate of 6.1% and overall LDT

rate of 8.5% suggests that LDT was underutilized. An

additional limitation is that the study cohort was neces-

sarily restricted to patients [ 65 years old with Medicare

insurance. The rates of LDT are likely higher in younger
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patients with less comorbidity burden and better functional

status. However, prior studies have demonstrated low rates

of hepatectomy for CRCLM using all-payer population-

based datasets.18,19 Furthermore, inclusion of only patients

with Medicare insurance allowed for a focus on other

disparities outside of insurance status. In addition, receipt

of systemic therapy, which may increase resectability and

candidacy for LDT in patients who initially have unre-

sectable CRCLM, could not reliably be assessed within the

Medicare claims data. Finally, patients may have under-

gone other LDT modalities, such as TAE, TACE, Y-90

radioembolization, and SBRT. However, these other

modalities are most often palliative in nature and the focus

of the study was on receipt of LDT with potentially cura-

tive intent.

CONCLUSIONS

Despite expanding criteria for the resectability of

CRCLM and a continually growing body of literature

supporting the use of LDT, only a small proportion of

Medicare beneficiaries with CRLM undergo LDT. Future

research focusing on increasing access to specialized cen-

ters with expertise in LDT and eliminating barriers to care,

particularly for Black patients, female patients, and those

with higher levels of social vulnerability or long travel

distances, may improve outcomes for patients with

CRCLM.
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