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ABSTRACT

Background. The use of the robotic approach is increas-

ing for colorectal cancer operations, but the added cost of

the platform has the potential to introduce challenges in its

dissemination. We hypothesized that adoption of the robot

is introducing new disparities in access to minimally

invasive surgery (MIS) for colorectal cancer, especially

across patient insurance groups.

Methods. This cross-sectional study analyzed surgical

cases of stage I–III colorectal cancer from the National

Cancer Database (NCDB) between 2010 and 2019. The

primary outcome was surgical approach (robotic, laparo-

scopic, or the composite ‘‘MIS’’). The predictor was a

patient’s primary payor. Potential confounders included

sociodemographics, tumor characteristics, and the facility.

Hierarchical multivariable models were generated, and

sensitivity analyses were performed.

Results. For colorectal cancer operations, the MIS

approach increased from 39% in 2010 to 73% in 2019,

driven predominantly by an increase in the robotic

approach from 2 to 24%. For laparoscopy, the size of the

disparity between patients with Private insurance and

Medicaid shrank from 11% (2010) to 4% (2019), whereas

this disparity increased for the robotic approach from 1%

(2010) to 5% (2019). On adjusted analysis, patients with

Medicaid (odds ratio [OR] 0.86 [CI 0.79–0.95]) and the

Uninsured (OR 0.67 [CI 0.56–0.79]) had lower odds of

receiving a robotic operation than those with Private

insurance in 2019. This disparity remained consistent

across five sensitivity analyses.

Conclusions. As the field of colorectal cancer surgery

shifts away from laparoscopy and toward robotics, new

inequities across patient insurance are emerging. Proactive

efforts are needed to ensure all patients benefit from a

minimally invasive approach.

General surgery, including colorectal surgery, is the

fastest growing segment for the robotic platform.1,2 For

surgeons there are clear advantages to the robot, including

ergonomics, flexibility, and vision. Randomized trials have

demonstrated that robotic surgery is comparable to other

approaches for both postoperative and oncologic out-

comes.3 It is increasingly evident that robotics is here to

stay and being at the forefront of this learning curve is

important for up-and-coming surgeons.

However, there are barriers to widespread adoption of

the robotic platform. Perhaps the most salient are issues

related to cost. The robotic platform is expensive to pur-

chase or lease and has high ongoing instrument and service

fees.4 Several studies have suggested the robotic platform

is more expensive than laparoscopy or open surgery.5,6

Further, added costs associated with the robot may not be

recuperated. Because insurance companies do not pay more

for the robotic approach than for the equivalent laparo-

scopic procedure, any added cost of the robotic approach is

borne by the hospital. This creates a financial risk to the

institution if they are not adequately compensated by the

patient’s insurance.

Similar concerns existed when laparoscopy was first

introduced and disseminated, and disparities in access—

especially on the basis of a patient’s insurance—were well
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documented.7–10 There is some evidence that this disparity

is finally closing.11 We hypothesized that dissemination of

the robot may be introducing new disparities in access to

minimally invasive surgery, especially across patient

insurance. We used colorectal cancer as our model disease

given its high volume and the rapid adoption of the robotic

platform in its treatment. We aimed to understand the

association of a patient’s insurance on chances of receiving

a minimally invasive operation, specifically, receipt of a

robotic approach.

METHODS

Database and Ethics

This study is presented in accordance with STROBE

guidelines (Supplemental Table 1)12 and followed recom-

mendations regarding best practices for database

research.13–15 The study database was the National Cancer

Database (NCDB).15 The NCDB is a joint project of the

Commission on Cancer (COC) of the American College of

Surgeons (ACS) and the American Cancer Society. The

data used in the study are derived from a de-identified

NCDB file. The ACS and the COC have not verified and

are not responsible for the analytic or statistical method-

ology employed, or the conclusions drawn from these data

by the investigator. This study was approved by the MD

Anderson Cancer Center Institutional Review Board and

was granted a waiver of informed consent (IRB#2020-

0512).

Sample, Inclusion and Exclusion Criteria

A flow diagram is included in Fig. 1. The starting

sample included all cases of colon and rectal cancer cur-

rently available in the NCDB from 2004 to 2019. A list of

the associated ICD-O-3 primary sites is included in Sup-

plemental Table 2. Cases prior to 2010 did not have

information about surgical approach and were excluded.

Additional exclusion criteria included: cases that did not

receive surgery, cases with a missing or unknown surgical

approach, and cases with stage IV disease or missing

analytic stage.

Outcome

The primary outcome was surgical approach, classified

as open, laparoscopic, or robotic. Cases that were con-

verted (i.e., robotic to open) were classified based on their

initial approach, as the focus of this analysis was patient

access to a specific surgical approach. The term ‘‘mini-

mally invasive surgery’’ (MIS) refers to a composite

outcome including either a laparoscopic or robotic initial

approach.

Primary Predictor

The predictor of interest was the patient’s primary payor

at time of initial diagnosis and/or treatment, categorized as

Private, Medicare, Medicaid, or Uninsured. NCDB also

lists Other Government and Unknown categories; these

were excluded from most analyses and represented 1.0%

(Other) and 1.4% (Unknown) of the total population.

Covariates

Variables that were hypothesized to correlate with both

the primary predictor (insurance) and the outcome (receipt

of the robotic approach) included: Patient age (continuous,

trimmed at 90 years), patient sex, patient race/ethnicity

(categorized into Non-Hispanic White/Black/Other and

Hispanic), comorbidity profile (measured using Charlson–

Deyo comorbidity scores categorized as 0, 1, 2, 3?), tumor

location (categorized as colon or rectal; rectosigmoid was

included in the latter as both require low anterior resec-

tion), cancer stage (three categories: I, II, and III), facility

type (COC categories including community cancer pro-

gram, academic/research program, etc.), and year of

analysis. Additional variables used in sensitivity analyses

included the patient zip code’s median household income

based on 2012 American Community Survey data, and two

additional facility-level metrics: colorectal robotic volume

and proportion of privately insured patients.

Analytic Approach and Statistics

First, we created a description of the entire population

including the outcome, primary predictor, and covariates.

Second, we analyzed rates of surgical approach over time

stratified by insurance (bivariate analysis). Third, we cre-

ated hierarchical multivariable regression models to assess

the association between insurance and receipt of a robotic

approach controlling for potential confounders. Multivari-

able models were run only on 2019 data, given the strong

influence of time on rates of robotic surgery. Nonlinear

relationships were assessed by including quadratic terms

for continuous variables (e.g., age) and assessing signifi-

cance. Facility was included as a random effect in the

multivariable model to adjust for clustering of observations

within facilities while controlling for facility-level fixed

effects (e.g., facility type). All analyses were performed

with STATA v15.1 using two-sided tests and an alpha of

0.05.
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Sensitivity Analyses

Several additional analyses were run to assess the

robustness of findings. First, we ran a fixed effects model

with facility as a dummy variable to reduce bias. Hospitals

with no variation (all robot or no robot) were omitted from

this analysis. Second, we modified the original model by

omitting hospitals with zero robotic operations performed

in 2019. Third, we limited analysis to patients with early

stage (I or II) cancers that should, in theory, be amenable to

an MIS approach. Fourth, we included zip code median

income quartile as a covariate. This was not included in the

primary analysis because of a moderate ([10%) amount of

missing data. Fifth, and finally, we performed a facility-

level analysis looking at the impact of a facility’s robotic

volume and insurance distribution on the relationship

between insurance and receipt of robotic approach. Robotic

tertiles (low volume = 1–5 robotic colorectal operations,

mid = 6–15, and high[ 15) and private insurance tertiles

(low 0–27% privately insured patients, mid 27–38%, and

high[ 38%) were determined empirically.

RESULTS

Sample

A description of the analytic cohort is included in

Table 1. Patients had an average age of 66 years, approx-

imately half (49%) were female, and the majority were

Non-Hispanic White (76%). Tumors were predominantly

Colon
2004-2019

n = 1 111 612

Rectosigmoid
2004-2019
n =115 143

Rectal
2004-2019
n = 363 461

Total
n = 1 590 216

2010-2019
n = 1 017 094

No surgical approach
information available

before 2010
n = 573 122

Did not undergo
surgery

n = 182 659

2010-2019, surgery
n = 834 435

Received surgery
elsewhere or surgical
approach missing

n = 78 794

2010-2019, surgery,
w/ known approach

n = 755 641
Stage IV or stage

missing
n = 158 227

Final Analytic Sample
2010-2019, surgery w/ known

approach, stage I-III
n = 597 414

FIG. 1 Flow diagram of the

study cohort

3562 C. P. Childers et al.



colon (74%) with a near even distribution between stage I,

II, and III (32%, 33%, and 35%, respectively). Over the

10-year time period, 59% received an initial MIS approach

including 11% robotic and 48% laparoscopic. Medicare

was the primary payor for the majority (53%), followed by

Private insurers (36%), Medicaid (6%), and Uninsured

(3%).

Bivariate Analysis Over Time

The proportion of patients receiving an MIS approach

increased across all years of the study from 38.9% in 2010

to 72.7% in 2019. The proportion of patients receiving a

laparoscopic approach initially increased from 36.8% in

2010 to a peak of 52.4% in 2016, but has since declined to

48.9% in 2019. The robotic approach increased across all

study years from 2.0% in 2010 to 23.9% in 2019.

Bivariate analysis showing rates of MIS approach over

time, stratified by insurance status, is shown in Fig. 2. The

proportion of patients receiving an MIS approach increased

across all insurance types, but there is a persistent disparity

over time. For example, the gap in rates of MIS between

patients with Private versus Medicaid insurance was

approximately the same in 2010 (11.6%, CI 9.6–13.6%) as

the gap in 2019 (9.0%, CI 7.6–10.4%). This appears to be

driven largely by an increasing disparity in access to the

robotic approach, with the gap between Private and Med-

icaid patients growing from 0.8% (CI 0.1–1.4%) in 2010 to

5.4% (CI 3.9–6.9%) in 2019. Conversely, the gap for

laparoscopic surgery has been declining over time, from

10.8% (CI 8.9–12.8%) in 2010 to 3.7% (CI 2.0–5.3%) in

2019.

Multivariable Models and Sensitivity Analyses

The multivariable model including aforementioned

patient, tumor, and facility characteristics showed that,

compared with those with Private insurance, patients with

Medicaid and no insurance had lower odds (0.87 [95% CI

0.78–0.96] and 0.67 [CI 0.57–0.80]) of receiving a robotic

approach in 2019 (Table 2). Five sensitivity analyses were

performed as described in the Methods. Across all analy-

ses, the direction, magnitude, and significance of the

coefficients for patients with Medicaid or those Uninsured

were largely the same (Table 3).’’

Facility-level Analysis

As expected, the proportion of patients receiving robotic

surgery varied based on the underlying facility-level col-

orectal robotic volume (Fig. 3), with much higher rates in

the highest-volume centers compared with the lowest-vol-

ume centers (40.0% vs. 7.7%, p\ 0.001). In that context,

the largest disparity in robotic surgery across insurance

types was seen in the highest-volume centers.

The same relationship held across tertiles of private

insurance, with the highest proportion centers performing

proportionally more robotic surgery than the lowest (27.0%

vs. 19.6%, p\ 0.001). However, the size of the disparity

between rates of robotic surgery for Private versus

TABLE 1 Cohort characteristics (n = 597,414)

Age (years, SD) 66 (14)

Female 48.7%

Race/ethnicity

Non-hispanic white 75.5%

Non-hispanic black 11.0%

Non-hispanic other 4.5%

Hispanic 6.1%

Missing 3.0%

Charlson–Deyo score

0 68.9%

1 20.2%

2 6.5%

3? 4.4%

Tumor location

Colon 73.6%

Rectal (including rectosigmoid) 26.4%

Analytic stage

I 32.0%

II 33.3%

III 34.7%

Facility type

Community Cancer Program 8.1%

Comprehensive Community Cancer Program 40.7%

Academic/research 27.2%

Integrated 20.8%

Missing 3.2%

Initial surgical approach1

Open 41.2%

Laparoscopic 48.0%

Robotic 10.8%

Primary payor

Private 35.8%

Medicare 53.2%

Medicaid 5.8%

Uninsured 2.9%

Other governmental 1.0%

Missing 1.3%

SD standard deviation
1Operations converted to open were classified based on their initial

approach, i.e., robot converted to open = robot
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Medicaid/Uninsured was roughly the same across the three

tertiles.

DISCUSSION

In 2019, nearly three out of four patients with non-

metastatic colorectal cancer now benefit from a minimally

invasive operation. However, this study demonstrates a

new and enlarging disparity for the robotic approach across

patient insurance. As a result, even though disparities in

access to laparoscopy across patient insurance have been

significantly reduced, the disparity in access to a minimally

invasive approach persists and will likely grow if the

robotic approach supplants laparoscopy in colorectal

surgery.

In general, minimally invasive surgery for colorectal

cancer has been shown to improve patient outcomes,

including less pain, shorter length of stay, and reduced

perioperative mortality, as well as improving chances of

receiving adjuvant therapy among higher-stage

tumors.16–18 Expanding access to these benefits should

remain a priority, but the expansion in use of the robot

introduces new challenges.

The bivariate analysis performed in this study demon-

strates a clear disparity in access to robotic surgery by

patient insurance, but perhaps the more relevant inquiry is

where the disparity originates. Is the disparity reflective of

access to (or choosing to go to) a facility that performs

more robotic surgery or, within a given facility, are patients

being offered (or choosing to receive) robotic surgery

preferentially based on insurance? The present analysis

suggests that both are contributory factors. Across all

multivariable analyses, the effect size of insurance is less

than would have been expected based on the bivariate

analysis. This suggests that some of the initial disparity

identified is based on complex interactions between a

patient’s primary insurer, their sociodemographic and

comorbid factors, their tumors, and the facilities at which

they receive treatment. At the same time, the fact that we

consistently found lower odds of receiving a robotic

approach among the Uninsured and those with Medicaid

across our facility-level analyses and especially the fixed

FIG. 2 Proportion of MIS (laparoscopic or robotic), laparoscopic,

and robotic surgery by insurance type over time (2010–2019). ***All

bivariate comparisons (Private versus any other insurance) for every

outcome (MIS, laparoscopic, robotic) for ever year in the study were

significant with a p\ 0.05
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effect model indicate that some of this disparity is occur-

ring within hospitals. Robotic rates can differ for two

similar patients at the same facility, with the only observ-

able difference being insurance.

Previous studies have demonstrated the importance of

focusing on patient insurance as a gateway to reducing

disparities in laparoscopy. A difference-in-difference

analysis looking at the effect of Massachusetts healthcare

reform found that insurance expansion led to an elimina-

tion in racial disparities for access to laparoscopic

appendectomy and cholecystectomy.11 The same may hold

true for robotic surgery. Alternatively, expanding the

Current Procedural Terminology system to include distinct

codes for robotic surgery may be a potential policy lever to

increasing reimbursement for robotic surgery and improv-

ing access. Although not a focus of the present analysis,

this study reconfirms racial/ethnic disparities with Non-

Hispanic Black individuals having much lower odds of

receiving a robotic approach compared to Non-Hispanic

White individuals. Insurance may again be a mutable target

for helping to reduce racial/ethnic disparities for robotic

surgery.

This study has several limitations. First, as an associa-

tion study, we cannot determine directionality. Patients

may be offered a robotic approach at equal rates across

insurance types, but patients may elect not to receive the

robotic approach for myriad of reasons. Second, NCDB has

very little granularity in type of insurance. The analysis is

limited to four broad insurance categories, yet there is

countless variation within each that may contribute to the

disparity identified. Third, while NCDB does capture a

large fraction of new cancer diagnoses in the USA, its

TABLE 2 Multivariable model

of association between primary

insurer and receipt of robotic

approach for colorectal cancer

in 2019 (n = 53,596)

Odds ratio 95% confidence interval p-Value

Primary payor

Private Reference

Uninsured 0.67 (0.57– 0.80) \ 0.001

Medicaid 0.87 (0.78– 0.96) 0.006

Medicare 0.96 (0.90– 1.03) 0.267

Age 1.07 (1.05– 1.09) \ 0.001

Age2 1.00 (1.00– 1.00) \ 0.001

Female 0.93 (0.88– 0.97) 0.001

Race/ethnicity

Non-Hispanic White Reference

Non-Hispanic Black 0.82 (0.76– 0.89) \ 0.001

Non-Hispanic Other 0.98 (0.88– 1.09) 0.729

Hispanic 1.03 (0.93– 1.14) 0.532

Charlson–Deyo score

0 Reference

1 0.97 (0.91– 1.03) 0.259

2 0.96 (0.87– 1.06) 0.322

3? 0.89 (0.81– 0.98) 0.010

Tumor location

Colon (including rectosigmoid) Reference

Rectal 1.99 (1.89– 2.10) \ 0.001

Analytic stage

I Reference

II 1.12 (1.05– 1.19) \ 0.001

III 1.19 (1.12– 1.26) \ 0.001

Facility type

Community Cancer Program Reference

Comprehensive Community Cancer Program 2.34 (1.74– 3.15) \ 0.001

Academic/research 2.87 (2.03– 4.06) \ 0.001

Integrated 3.02 (2.18– 4.18) \ 0.001

Model also includes random effect for each facility; total sample in 2019 is 57,254 with complete case

analysis excluding 6.4% of the total sample
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sampling methodology is prone to bias and therefore

should not be considered representative of the entire US

population.19 Despite these limitations, the large sample of

the study cohort as well as the consistent findings across

multiple sensitivity analyses suggest a real disparity for the

majority of patients receiving surgery for colorectal cancer

in this country.

CONCLUSIONS

Insurance appears to be a significant, and growing,

barrier to access to a robotic approach for colorectal cancer

and is driving a persistent disparity in access to minimally

invasive surgery in general. As the field shifts away from

TABLE 3 Sensitivity analyses

Sample size Covariate Odds ratio 95% confidence interval p-Value

Original model 53,596 Private Reference

Uninsured 0.67

(0.57–0.80)

\ 0.001

Medicaid 0.87

(0.78–0.96)

0.006

Medicare 0.96

(0.90– 1.03)

0.267

Fixed effect model 48,203 Private Reference

Uninsured 0.71

(0.61–0.84)

\ 0.001

Medicaid 0.89

(0.81–0.98)

0.023

Medicare 0.96

(0.90–1.03)

0.268

Excluding hospitals with zero robotic operations in 2019 46,725 Private Reference

Uninsured 0.67

(0.56–0.79)

\ 0.001

Medicaid 0.87

(0.79–0.96)

0.008

Medicare 0.96

(0.90–1.03)

0.277

Stage I/II disease only 34,030 Private Reference

Uninsured 0.67

(0.54–0.84)

0.001

Medicaid 0.83

(0.72–0.94)

0.005

Medicare 0.94

(0.86–1.02)

0.152

Adding quartile of median income 45,639 Private Reference

Uninsured 0.70

(0.58–0.84)

\ 0.001

Medicaid 0.84

(0.75–0.94)

0.002

Medicare 0.96

(0.89–1.03)

0.242

Lowest quartile Reference

2nd 1.03

(0.94–1.12)

0.521

3rd 1.00

(0.92–1.09)

0.968

Highest quartile 1.07

(0.98–1.17)

0.125

3566 C. P. Childers et al.



laparoscopy and towards robotics, proactive efforts are

needed to ensure that all patients benefit from a minimally

invasive approach.
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supplementary material available at https://doi.org/10.1245/s10434-
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