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R acial disparities in cancer outcomes and care, including 

prevention, screening, diagnosis, and access, remain a 

societal challenge.1-10 Timeliness is a critical dimension 

of high-quality care, as treatment delays can cause anxiety, stress, 

and inferior clinical outcomes in certain contexts.11-20 However, 

information is limited about treatment timeliness and potential 

racial disparities in contemporary cancer practice in the United States.

The Affordable Care Act (ACA) was designed to improve health care 

access, equity, and outcomes and to reduce costs in the United States. 

One mechanism was increasing insurance coverage by expanding 

Medicaid eligibility to nonelderly adults with incomes below 138% 

of the federal poverty level.21 As of February 2019, expansions were 

implemented in 34 states and Washington, DC.22 Within 2 years 

of ACA implementation, the percentage of cancer survivors who 

were uninsured dropped from 12.4% pre–ACA implementation to 

7.7%.23,24 Although reports of the ACA’s effects on socioeconomic 

disparities in health care utilization and outcomes have been 

mixed, Medicaid expansion has been associated with increased 

health insurance coverage and earlier disease-stage diagnosis 

among patients with cancer.25-30

Because Black patients are historically more likely to be uninsured 

and lack of insurance has been correlated with cancer treatment 

delays,31-33 we hypothesized that Medicaid expansion would differen-

tially benefit Black patients, affecting racial differences in treatment 

access. Timely systemic treatment initiation was selected as the primary 

outcome for this study, acknowledging that the clinical implications 

for patients with advanced cancers are not fully defined.17,20,34 To 

our knowledge, no studies have included recent data assessing the 

impact of the latest state Medicaid expansions. The overall goal of this 

study was to determine whether Medicaid expansion was associated 

with racial disparity reduction in timely systemic cancer treatment.

PATIENTS AND METHODS
Study Design

Using a difference-in-differences approach, we examined whether 

state Medicaid expansion status (expanded vs not) was associated 
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ABSTRACT

OBJECTIVES: Racial disparities in cancer care and 
outcomes remain a societal challenge. Medicaid expansion 
through the Affordable Care Act was intended to improve 
health care access and equity. This study aimed to assess 
whether state Medicaid expansions were associated with 
a reduction in racial disparities in timely treatment among 
patients diagnosed with advanced cancer.

STUDY DESIGN: This difference-in-differences study 
analyzed deidentified electronic health record–derived data. 
Patients aged 18 to 64 years with advanced or metastatic 
cancers diagnosed between January 1, 2011, and January 31, 
2019, and receiving systemic therapy were included.

METHODS: The primary end point was receipt of timely 
treatment, defined as first-line systemic therapy starting 
within 30 days after diagnosis of advanced or metastatic 
disease. Racial disparity was defined as adjusted 
percentage-point (PP) difference for Black vs White patients, 
adjusted for age, sex, practice setting, cancer type, stage, 
insurance marketplace, and area unemployment rate, with 
time and state fixed effects.

RESULTS: The study included 30,310 patients (12.3% Black 
race). Without Medicaid expansion, Black patients were 
less likely to receive timely treatment than White patients 
(43.7% vs 48.4%; adjusted difference, –4.8 PP; P < .001). With 
Medicaid expansion, this disparity was diminished and lost 
significance (49.7% vs 50.5%; adjusted difference, –0.8 PP; 
P = .605). The adjusted difference-in-differences estimate 
was a 3.9 PP reduction in racial disparity (95% CI, 0.1-7.7 PP; 
P = .045).

CONCLUSIONS: Medicaid expansion was associated 
with reduced Black-White racial disparities in receipt of 
timely systemic treatment for patients with advanced or 
metastatic cancers.
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with changes in racial disparity in timely treat-

ment among nonelderly adults (aged < 65 years) 

with an advanced or metastatic cancer diagnosis. 

Timely treatment was defined as initiation 

of first-line systemic therapy within 30 days 

of advanced or metastatic cancer diagnosis. 

Racial disparity was defined as the difference 

in probability of timely treatment for Black 

patients compared with White patients. Because 

of the small sample size and heterogeneity 

of Asian and other race/ethnicity categories, 

we report only results for the Black-White 

comparison. The study time horizon was from January 1, 2011, to 

February 28, 2019. Post–Medicaid expansion intervention periods 

were state specific, according to implementation dates (eAppendix 

Section 1.1 [eAppendix available at ajmc.com]), allowing each 

state’s preexpansion or never-expanded time to contribute to the 

“not-expanded” control group.

Data Sources

The primary data source was a deidentified electronic health record 

(EHR)–derived database from Flatiron Health. This longitudinal, 

demographically and geographically diverse database included 

patient information from more than 280 cancer clinics (~800 sites 

of care) in the United States. Demographic characteristics of 

patients were generally representative in comparison with US 

cancer registries.35 The patient-level data included information 

from structured EHR fields (eg, race, ethnicity, demographics) and 

“unstructured” data (eg, diagnosis date, oral therapies) collected 

through chart abstraction of oncologist notes and other documents 

(eg, radiology or pathology reports). We obtained average annual 

state unemployment rates from the US Bureau of Labor Statistics.36 

State Medicaid expansion status and implementation dates were 

obtained from the Kaiser Family Foundation.22

Study Population

We included patients aged 18 to 64 years (Medicare enrollees 

were ineligible for expansion), diagnosed between January 1, 

2011, and January 31, 2019, with advanced non–small cell lung 

cancer (NSCLC), gastric/esophageal cancer, or urothelial cancer; 

or metastatic colorectal, breast, melanoma, renal cell, or prostate 

cancers (reflecting, as a convenience sample, all solid tumor types 

with evaluable EHR-derived data during the study period), and who 

received at least 1 line of systemic therapy (for additional detail, see 

eAppendix Section 1.2). We excluded patients missing both race and 

ethnicity information, with unreported diagnosis date, who died 

less than 30 days after diagnosis, or with potentially incomplete 

treatment history (no documented office visit or medication 

order within 90 days following diagnosis date, suggesting that the 

patient received treatment elsewhere). Sensitivity analyses were 

performed excluding patients with first-line systemic therapy 

documented as starting at least 1 year after diagnosis and by 

restricting the population to only patients with stage IV disease 

at initial diagnosis.

Exposure to ACA Medicaid Expansion

We assigned expansion status based on whether the patient’s state 

had implemented Medicaid expansion as of their diagnosis date 

(eAppendix Section 1.1). The binary “expanded” variable was equal 

to 1 for individuals living in a state that implemented Medicaid 

expansion before their advanced or metastatic diagnosis date, and 

equal to 0 otherwise. In our main policy assignments, we did not 

account for pre-2014 Medicaid expansions through 1115 waivers37 

or early ACA expansions, because most did not cover adults 

without dependent children (a population that tends to be older 

and experience a greater cancer incidence). Sensitivity analyses 

excluded those states entirely.

Outcomes

“Timely treatment” was a binary variable defined as initiating first-line 

systemic treatment within 30 days of advanced or metastatic cancer 

diagnosis. Systemic treatment included intravenous and oral cancer 

therapies, the most common treatment modalities for patients with 

advanced or metastatic disease. In the absence of an established 

metric, the 30-day window was selected by expert coauthor consensus 

as a measure generalizable across cancer types. Sensitivity analyses 

examined alternative definitions with time windows of 14 or 60 days.

Variable Measurement

Structured race and ethnicity EHR data were combined to create 

a hierarchical categorical measure with White (“White”), Black or 

African American (“Black”), Asian, and other race/ethnicity. Patients 

reporting Hispanic or Latino ethnicity but not reporting race were 

grouped with “other.” Advanced or metastatic cancer diagnosis 

served as the index date for each patient. Covariates included age, 

sex, practice setting (community or academic), cancer type, and 

stage at initial cancer diagnosis. Annual unemployment rates 

were assigned based on state and index year.36 The model included 

state and time at index (quarter-year) fixed effects. We created 

indicators for insurance coverage reported within 30 days before 

or after advanced or metastatic diagnosis, including Medicaid, 

commercial, or “other.” Because of potential measurement error 

TAKEAWAY POINTS

Medicaid expansion was associated with a reduction in the Black-White racial disparity in timely 
treatment of patients diagnosed with advanced cancer in the United States.

 › Findings of prior studies support the association between insurance coverage and access 
to earlier-stage diagnosis and guideline-recommended cancer care.

 › This study included data obtained after the most recent series of Medicaid expansions.

 › This study contributes important new information to the literature concerning the role 
of the Affordable Care Act in improving access to quality cancer care and reducing racial 
disparities in health care access.



276  JULY 2021 www.ajmc.com

CLINICAL

regarding insurance type and coverage dates, analyses using the 

insurance measures were considered exploratory.

Statistical Analysis

Sample characteristics (means and proportions) were compared by 

state Medicaid expansion status at the time of diagnosis, race, and 

cancer type. Multivariable linear regression modeling compared 

Medicaid expansion–associated changes in racial disparity between 

Black and White patients. The regression specification, a difference-

in-differences analysis, is described in eAppendix Section 4.1. The 

effect on disparity was evaluated via the interaction between race 

and Medicaid expansion status, controlling for age, sex, practice 

setting, cancer type, stage at initial diagnosis, unemployment rate, 

ACA implementation of the insurance marketplace, quarter-year 

fixed effects, and state-level fixed effects. Insurance status was 

determined to be on the causal pathway and was not adjusted 

for in the model. We assessed the assumption of parallel trends 

in the preexpansion period and conducted a falsification test. In 

sensitivity analyses, we dropped practice setting from the models.

We quantified the effects of race, Medicaid expansion, and their 

interaction using average marginal effects to express how the 

predicted probability of timely treatment changes with a change 

in each of these terms.38 The method, also known as recycled 

predictions, alternatively turns on and off the expansion and race 

indicators for all individuals in the study population, predicts 

outcomes, and compares counterfactuals.39 Medicaid expansion 

effect was the difference between the predicted outcome (timely 

treatment overall, by race, and disparity between races) if all patients 

were diagnosed in states with vs without Medicaid expansion. We 

simulated 1000 clustered bootstrap replicates to estimate CIs.

For comparability with prior ACA Medicaid expansion studies, 

we also employed an alternative modeling approach. Most pre-post 

difference-in-differences analyses investigating ACA effects have 

focused on the early expansion period using data through 2015, 

classifying any state expanding Medicaid in 2014 or 2015 as an 

expansion state, and using a pre-post, expansion vs nonexpansion 

difference-in-differences analysis. In a sensitivity analysis, we 

excluded all states with Medicaid expansion on or after January 1, 

2016, and compared the remaining expansion (2014-2015) states 

with nonexpansion states. Because our focus was on differences 

in expansion effects by race, we used a difference-in-difference-in-

differences (DDD) analysis, with 2- and 3-way interactions among 

expansion status, post period, and race (eAppendix Section 4.1).

To better understand the relationship connecting Medicaid 

expansion and racial disparities in timely treatment, we analyzed 

the rates of insurance coverage types reported by patients within 

30 days before or after advanced or metastatic diagnosis, by race 

and Medicaid expansion.

Data were analyzed using R version 3.3.2, with session documenta-

tion in the eAppendix.40 Reporting aligns with STROBE guidelines.41 

Institutional review board approval of the study protocol was obtained 

before study conduct and included a waiver of informed consent.

RESULTS
Baseline Characteristics

The study included 30,310 patients (Table 1) selected by the criteria 

summarized in eAppendix Figure 1. The most common cancer 

types were NSCLC (n = 10,647), colorectal cancer (n = 6392), and breast 

cancer (n = 6367). The median age was 57 years and 12.3% of patients 

were Black. The analysis included practices in 36 states; 23 of those 

states expanded Medicaid during the observation period (Figure 1). 

Patient characteristics, including race, differed by expansion status: 

Black patients accounted for only 8.7% of patients diagnosed under 

a Medicaid expansion vs 14.5% under not-expanded status (Table 1).

Timely Treatment

Overall, 48.6% of patients received systemic treatment within 

30 days of advanced or metastatic diagnosis. For each cancer type, 

Figure 2 describes the unadjusted percentage with timely treatment, 

stratified by race. The unadjusted probability of timely treatment 

is higher among White patients in all cancer types except prostate 

cancer and renal cell carcinoma. The unadjusted rate of timely 

treatment under not-expanded status was 45.8% for Black patients 

and 48.1% for White patients. There were baseline differences in 

the magnitude of racial disparities in the period before Medicaid 

expansion (2011-2013): Among states that subsequently expanded 

Medicaid, timely treatment was received by 43.7% (Black) vs 45.3% 

(White), a difference of 1.6 percentage points (PP), whereas among 

states that never expanded, the baseline unadjusted rates were 

46.6% (Black) vs 47.7% (White), a difference of 1.1 PP.

Difference-in-Differences Estimates

After multivariable adjustment for sociodemographic and clinical 

characteristics, the difference in timely treatment rate between 

Black and White patients in nonexpansion states was –4.8 PP (95% 

CI, –6.9 to –2.6; P < .001). For patients diagnosed in states that had 

expanded Medicaid, there was no significant difference by race 

in the probability of receiving timely treatment after Medicaid 

expansion: 49.7% for Black patients and 50.5% for White patients, 

with an adjusted difference of –0.8 PP (95% CI, –4.1 to 2.4; P = .605). 

The adjusted difference-in-differences estimate (change in race 

disparity associated with Medicaid expansion) was a 3.9 PP disparity 

decrease (95% CI, 0.1-7.7; P = .045) (Table 2). Thus, Medicaid expansion 

was associated with a greater increase in timely treatment among 

Black patients than among White patients, largely eliminating the 

preexisting disparity. Age and stage of diagnosis were also related 

to timely treatment (eAppendix Section 4.2). Results showed that 

the assumption of parallel trends was not violated (eAppendix 

Section 4.3).

Health Insurance Coverage

A greater proportion of Black patients reported Medicaid coverage 

compared with White patients (18.7% vs 8.1%, respectively), regardless 

of state expansion status (Figure 3). Both Black and White patients 
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had higher rates of Medicaid coverage under 

expansion compared with not expanded. Among 

Black patients, the rate of Medicaid coverage 

at the time of advanced diagnosis was 17.8% in 

not-expanded and 20.9% in expansion states; 

among White patients, those rates were 7.7% and 

8.6%, respectively. Without statistical testing, 

we observed a larger raw difference in rates 

comparing Medicaid expansion with nonexpan-

sion for Black patients than White patients.

Sensitivity Analyses

The direction and magnitude of the associa-

tion between Medicaid expansion and racial 

disparities in timely treatment were consistent 

across alternative model specifications and 

assumptions in sensitivity analyses, although 

less precisely estimated and no longer signifi-

cant. Including only patients with stage IV 

disease at diagnosis, racial disparity reduction 

associated with expansion was magnified to 

4.5 PP (95% CI, –0.6 to 9.6). Excluding patients 

diagnosed in a state with early expansion 

preceding ACA implementation attenuated the 

adjusted difference-in-differences estimate to 

2.7 PP (95% CI, –1.7 to 7.1). Use of alternative 

“timely treatment” definition windows of 14 and  

60 days slightly attenuated the effect, resulting 

in adjusted estimates of 2.8 and 2.3 PP reductions 

in racial disparity, respectively.

In our DDD analysis, excluding states with 

Medicaid expansion after December 31, 2015 

(Louisiana, Maine, Montana, and Virginia), 

reduced the sample size from 30,310 to 27,924 

patients, and this yielded a 4.2 PP (95% CI, –4.3 

to 12.8) reduction in the racial disparity in timely 

treatment. This is comparable with the 3.9 PP 

estimate in our main analysis, although no 

longer significant (eAppendix Section 5.2 and 

5.3: regression output in eAppendix Table 4, 

population-adjusted rates in eAppendix 

Table 5, and additional sensitivity analyses 

in eAppendix Table 6).

DISCUSSION
Results from this large observational study 

suggest that implementation of Medicaid 

expansion was associated with a significant 

reduction in Black-White racial disparities in 

timely treatment for advanced or metastatic 

cancer. In states without Medicaid expansion, 

TABLE 1. Baseline Characteristics (patients with cancer overall and stratified by state Medicaid 
expansion status at diagnosis)a

All
N = 30,310

Expanded
n = 11,679

Not expanded
n = 18,631 P

Sex, n (%) .022

Female 15,920 (52.5) 6037 (51.7) 9883 (53.0)

Male 14,389 (47.5) 5642 (48.3) 8747 (47.0)

Median (IQR) age in years at 
advanced diagnosis

57.0 (51.0-61.0) 57.0 (52.0-61.0) 57.0 (51.0-61.0) <.001

Age group in years at advanced 
diagnosis, n (%)

.001

18-34 598 (2.0) 213 (1.8) 385 (2.1)

35-44 2319 (7.7) 864 (7.4) 1455 (7.8)

45-54 8448 (27.9) 3135 (26.8) 5313 (28.5)

55-64 18,945 (62.5) 7467 (63.9) 11,478 (61.6)

Race and/or ethnicity, n (%) <.001

White 21,862 (72.1) 8208 (70.3) 13,654 (73.3)

Black 3726 (12.3) 1018 (8.7) 2708 (14.5)

Asian 865 (2.9) 531 (4.6) 334 (1.8)

Other race/ethnicity 3857 (12.7) 1922 (16.5) 1935 (10.4)

Practice setting, n (%) <.001

Academic 2600 (8.6) 1321 (11.3) 1279 (6.9)

Community 27,710 (91.4) 10,358 (88.7) 17,352 (93.1)

Cancer type, n (%) <.001

Non–small cell lung cancer 10,647 (35.1) 4032 (34.5) 6615 (35.5)

Colorectal cancer 6392 (21.1) 2796 (23.9) 3596 (19.3)

Breast cancer 6367 (21.0) 2266 (19.4) 4101 (22.0)

Gastric/esophageal cancer 1943 (6.4) 795 (6.8) 1148 (6.2)

Melanoma 1247 (4.1) 442 (3.8) 805 (4.3)

Renal cell carcinoma 1700 (5.6) 614 (5.3) 1086 (5.8)

Urothelial carcinoma 934 (3.1) 305 (2.6) 629 (3.4)

Prostate cancer 1080 (3.6) 429 (3.7) 651 (3.5)

Stage at initial diagnosis, n (%) <.001

Stage I 1314 (4.3) 524 (4.5) 790 (4.2)

Stage II 3086 (10.2) 1171 (10.0) 1915 (10.3)

Stage III 6655 (22.0) 2577 (22.1) 4078 (21.9)

Stage IV 17,357 (57.3) 6768 (58.0) 10,589 (56.8)

Unknown/not documented 1898 (6.3) 639 (5.5) 1259 (6.8)

Region, n (%) <.001

West 5600 (18.5) 3360 (28.8) 2240 (12.0)

Northeast 7113 (23.5) 4431 (37.9) 2682 (14.4)

South 12,595 (41.6) 848 (7.3) 11747 (63.1)

Midwest 5002 (16.5) 3040 (26.0) 1962 (10.5)

Median (IQR) state unemployment 
rate in %, seasonally adjusted

5.4 (4.6-6.8) 5.0 (4.7-5.8) 6.0 (4.4-7.7) <.001

IQR, interquartile range.
aPatients in the “expanded” column include any patient diagnosed with advanced or metastatic 
cancer within a state after adoption and implementation of Medicaid expansion during a time after 
the implementation. “Not expanded” refers to patients diagnosed in a state before the adoption and 
implementation of a Medicaid expansion or in a state that did not implement Medicaid expansion 
before February 2019.
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FIGURE 1. Distribution of Medicaid Expansion Implementation and Flatiron Health Clinicsa

aPanels show (A) states with Medicaid expansion (blue) and nonexpansion states (gray) as of February 1, 2019; (B) states with at least 1 clinical practice or academic 
medical center in the Flatiron Health Network (shaded) as of February 28, 2019; and (C) combination of the distribution of Medicaid expansion and nonexpansion 
states (blue/grey coloring) and Flatiron Health Network presence (shading) as of February 28, 2019. State counts include Washington, DC. In 2019, 3 states (KY, NH, 
NV) with care sites that originated Flatiron Health data did not have historic data in the pre–Affordable Care Act period suitable for the analysis; therefore, they were 
not included in the main analysis.
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Black patients were 4.8 PP less likely to receive 

timely systemic treatment compared with White 

patients; this difference was no longer present 

with Medicaid expansion. The difference-

in-differences estimate indicates that Black 

patients benefited 3.9 PP more than White 

patients from the Medicaid expansions. This 

study contributes important new information 

to the literature concerning the role of the ACA 

in reducing racial disparities and improving 

overall health care access. It also illustrates a 

novel application of EHR data to examine the 

impact of policy changes on the cancer care 

delivery process.

Several ACA mechanisms can influence 

health care, and prior studies’ findings support 

the association between insurance coverage and 

access to earlier-stage diagnosis and guideline-

recommended cancer care.23-31 Recent studies 

using Surveillance, Epidemiology, and End 

Results data have shown that the dependent 

coverage provision of the ACA was associated 

with increases in insurance coverage in young 

adult patients with cancer and that Medicaid 

expansion is associated with earlier cancer diag-

nosis and improved access to surgery.42,43 This 

study focuses on how disparities in systemic 

cancer treatment delivery may be modifiable 

through targeted health care policy interven-

tions. Increased insurance coverage is the key 

mechanism through which the ACA Medicaid 

expansions are expected to affect timely treat-

ment. The results of our exploratory analysis 

using insurance data are consistent with that 

causal interpretation, showing differential 

increases in Medicaid enrollment by Black 

patients under the expansions. In the equal-

access US Military Health System, time to 

treatment for patients with colon cancer has 

been shown to be similar between White and 

Black patients.44 Our end point of timely treatment does not address 

downstream cancer care processes and outcomes; factors such as 

socioeconomic status (education, health literacy, income, or wealth), 

housing vulnerability, and food insecurity may also contribute to 

racial disparities in cancer outcomes.4 In fact, the persisting dispari-

ties in some countries with universal health care45 would indicate 

that equal coverage may be necessary but not sufficient to eliminate 

racial disparities in cancer care. As seen recently with the COVID-19 

pandemic, major strains on health care systems can exacerbate 

already-present dysfunction and disparities; understanding how 

structural factors contribute to disparities can be a first step toward 

building a more equitable and resilient ecosystem. Future studies 

could home in on how trends like the one studied here may have 

been amplified by an event like the recent pandemic.

Limitations

Our study was based on a large sample spanning 36 states and made 

novel use of deidentified EHR-derived data to assess the effects of 

health care policy. Yet, we acknowledge limitations to data drawn 

from medical oncology practices, which could affect the observed 

results. Specifically, we lacked full information on care provided 

outside those practices, such as other treatment modalities. This 

limited our ability to capture and adjust for receipt of surgery or 

radiation before systemic therapy initiation. For this reason, the 

TABLE 2. Adjusted Changes in Timely Treatment (Medicaid expansion–related changes in racial 
disparity in the probability of timely treatment, adjusted rates)a

Patients receiving timely treatment,b %

DifferenceNot expanded Expanded

Mean 95% CI Mean 95% CI Estimate 95% CI

Overall 48.2 48.0-48.3 49.6 49.5-49.8 1.4 –0.8 to 3.7

White 48.6 48.5-48.8 50.2 50.0-50.3 1.5 –0.8 to 3.9

Black 43.9 43.8-44.0 49.3 49.2-49.4 5.4 1.3-9.5

Racial disparity, 
Black-White: 
marginal effect

–4.8
–6.9 to –2.6; 

P < .001
–0.8

–4.1 to 2.4;
P = .605

Difference-in-
differences:

3.9

0.1-7.7; 
P = .045

aDifference-in-differences estimates are the percentage-point differences between changes in out-
comes in patients diagnosed under not-expanded status (includes patients diagnosed preexpansion 
and in never-expanded states) compared with patients diagnosed under Medicaid expansion. Adjusted 
estimates control for age, sex, stage at initial diagnosis, practice setting, cancer type, annual state-
level unemployment rate, Affordable Care Act marketplace beginning 1/1/2014 for all states, state fixed 
effects, and quarter-year fixed effects.
bTimely treatment was a binary variable defined as systemic treatment initiation within 30 days of 
advanced or metastatic diagnosis date.

FIGURE 2. Unadjusted Percentage of White and Black Patients With Timely Treatment for 
8 Cancer Typesa

NSCLC, non–small cell lung cancer.
aAll patients with advanced or metastatic cancer diagnosed from January 1, 2011, through January 31, 
2019, and with possible follow-up through February 28, 2019.
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absolute rates of timely treatment should be interpreted with caution. 

We focused on timely initiation of systemic treatment among 

patients receiving therapy in each practice. Timely treatment is a 

patient-centered proxy for efficient and quality care, although its 

correlation with other quality domains and with clinical outcomes 

such as overall survival for advanced cancers is less certain.15-20 We 

limited our sample to patients with advanced or metastatic cancer, 

for whom systemic therapy is the principal therapeutic modality; 

in sensitivity analyses, we restricted further to patients diagnosed 

with metastatic cancer and found consistent results.

We note several additional limitations to the database that may 

have affected our sample or analysis. One overarching limitation 

relates to our particular EHR-derived database, which ultimately 

provides a convenience sample for this type of analysis. As such, the 

study was limited to the tumor types available for analysis. There 

were 8.5% of patients missing information on race and/or ethnicity; 

it is unclear whether this missingness is systematic, which might 

result in biased estimates. Sample sizes were insufficient to estimate 

effects separately for each cancer type. Patient income data were not 

available, limiting our ability to target the analysis to those most 

likely to benefit from expanded Medicaid eligibility—potentially 

diluting the intervention effect. The database lacked uniform data 

on clinical factors such as functional status or comorbidities that 

might affect treatment selection or timeliness of therapy, hence 

we were unable to adjust for these in the analysis. Finally, local 

practice environment and time-varying factors beyond Medicaid 

expansion could have influenced timely treatment; we included 

time and state fixed effects to minimize this potential bias.

CONCLUSIONS
We found that ACA Medicaid expansion was associated with a 

significant reduction in Black-White racial disparities in timely 

systemic treatment for patients with advanced or metastatic cancers. 

Evaluation of health care policy impact is critical to determining 

if desired goals are met and to inform the design of future policy. 

This study also demonstrates how clinical data obtained during 

routine care can be a tool for real-time evaluation of health care 

policies. Future research is needed to fully understand the factors 

influencing timing of treatment initiation to ensure equity and 

improve access to care for all patients with cancer. n
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EHR, electronic health record.
aPatients with coverage at the time of advanced or metastatic diagnosis. The nonexpansion category represents patients diagnosed in a state that had not yet or never 
expanded Medicaid to 138% of the federal poverty level at the time of the patient’s advanced or metastatic diagnosis. Health care payers were defined by coverage 
within 30 days of advanced or metastatic diagnosis. The “other” category includes patient assistance program, other government program, self-pay, workers  
compensation, Medicare, or other payer—type unknown.

52.052.3

0

20

40

60

80

Commercial

20.9
17.8

Medicaid

27.1
29.9

Other

Black

Expansion Nonexpansion

62.162.4

0

20

40

60

80

Commercial

8.67.7

Medicaid

29.329.9

Other

White

Expansion Nonexpansion



VOL. 27, NO. 7  281THE AMERICAN JOURNAL OF MANAGED CARE®

Medicare Expansion and Timely Treatment Racial Disparities

Source of Funding: This study was sponsored by Flatiron Health, Inc, which 
is an independent subsidiary of the Roche Group.

Prior Presentation: Results from this study were presented at the American 
Society of Clinical Oncology Annual Meeting Plenary Session on June 2, 2019, 
in Chicago, IL. A summary of that presentation appeared in The Cancer Letter. 
2019;45(25):5-17.

Author Disclosures: Dr Adamson, Ms Estévez, Ms Magee, and Ms Williams 
report employment at Flatiron Health, Inc, which is an independent subsidiary 
of the Roche Group, and stock ownership in Roche. Dr Cohen and Dr Meropol 
report employment at Flatiron Health, Inc, equity ownership in Flatiron Health, 
and stock ownership in Roche. Dr Gross has received research funding from the 
National Comprehensive Cancer Network/Pfizer and funding from Johnson & 
Johnson through Yale University to help develop new approaches for sharing clinical 
trial data; he has also been reimbursed for travel and speaking by Flatiron, Inc. Dr 
Davidoff has received research funding from Celgene through Yale University and 
consults for Amgen; an immediate family member reports consulting/advisory 
board relationships with Celgene, Jazz Pharmaceuticals, AbbVie, Kyowa Hakko 
Kirin, Tolero Pharmaceuticals, and Daiichi Sankyo. 

Authorship Information: Concept and design (BJSA, ABC, KM, EW, AJD); 
acquisition of data (BJSA); analysis and interpretation of data (BJSA, ABC, CPG, 
ME, KM, EW, NJM, AJD); drafting of the manuscript (BJSA, ABC, KM, NJM, AJD); 
critical revision of the manuscript for important intellectual content (BJSA, ABC, 
CPG, NJM, AJD); statistical analysis (BJSA, ABC, ME); provision of patients or study 
materials (BJSA); administrative, technical, or logistic support (BJSA, ME, EW); 
and supervision (BJSA, CPG).

Address Correspondence to: Blythe J.S. Adamson, PhD, Flatiron Health, Inc, 
233 Spring St, Fifth Fl, New York, NY 10025. Email: badamson@flatiron.com.

REFERENCES
1. Presley CJ, Soulos PR, Chiang AC, et al. Disparities in next-generation sequencing in a population-based 
community cohort of patients with advanced non-small cell lung cancer. J Clin Oncol. 2017;35(15 suppl):6563. 
doi:10.1200/JCO.2017.35.15_suppl.6563
2. Rose TL, Deal AM, Krishnan B, et al. Racial disparities in survival among patients with advanced renal cell 
carcinoma in the targeted therapy era. Cancer. 2016;122(19):2988-2995. doi:10.1002/cncr.30146
3. Goding Sauer A, Siegel RL, Jemal A, Fedewa SA. Current prevalence of major cancer risk factors and screen-
ing test use in the United States: disparities by education and race/ethnicity. Cancer Epidemiol Biomarkers Prev. 
2019;28(4):629-642. doi:10.1158/1055-9965.EPI-18-1169
4. Ellis L, Canchola AJ, Spiegel D, Ladabaum U, Haile R, Gomez SL. Racial and ethnic disparities in cancer 
survival: the contribution of tumor, sociodemographic, institutional, and neighborhood characteristics. J Clin 
Oncol. 2018;36(1):25-33. doi:10.1200/JCO.2017.74.2049
5. Cragun D, Weidner A, Lewis C, et al. Racial disparities in BRCA testing and cancer risk management 
across a population-based sample of young breast cancer survivors. Cancer. 2017;123(13):2497-2505. 
doi:10.1002/cncr.30621
6. Williams CD, Bullard AJ, O’Leary M, Thomas R, Redding TS IV, Goldstein K. Racial/ethnic disparities 
in BRCA counseling and testing: a narrative review. J Racial Ethn Health Disparities. 2019;6(3):570-583. 
doi:10.1007/s40615-018-00556-7
7. Haque W, Verma V, Butler EB, Teh BS. Racial and socioeconomic disparities in the delivery of 
immunotherapy for metastatic melanoma in the United States. J Immunother. 2019;42(6):228-235. 
doi:10.1097/CJI.0000000000000264
8. Turkman YE, Williams CP, Jackson BE, et al. Disparities in hospice utilization for older cancer patients living 
in the deep South. J Pain Symptom Manage. 2019;58(1):86-91. doi:10.1016/j.jpainsymman.2019.04.006
9. Curry SJ, Krist AH, Owens DK. Annual report to the nation on the status of cancer, part II: recent changes in 
prostate cancer trends and disease characteristics. Cancer. 2019;125(2):317-318. doi:10.1002/cncr.31846
10. Nabi J, Trinh QD. New cancer therapies are great—but are they helping everyone? Health Affairs. April 12, 
2019. Accessed July 6, 2020. https://www.healthaffairs.org/do/10.1377/hblog20190410.590278/full/
11. Institute of Medicine; National Research Council. Ensuring Quality Cancer Care. The National Academies 
Press; 1999.
12. Miles A, McClements PL, Steele RJ, Redeker C, Sevdalis N, Wardle J. Perceived diagnostic delay 
and cancer-related distress: a cross-sectional study of patients with colorectal cancer. Psychooncology. 
2017;26(1):29-36. doi:10.1002/pon.4093
13. Annunziata MA, Muzzatti B, Bidoli E. Psychological distress and needs of cancer patients: a prospective 
comparison between the diagnostic and the therapeutic phase. Support Care Cancer. 2010;19(2):291-295. 
doi:10.1007/s00520-010-0818-9
14. Risberg T, Sørbye SW, Norum J, Wist EA. Diagnostic delay causes more psychological distress in female 
than in male cancer patients. Anticancer Res. 1996;16(2):995-999.
15. McLaughlin JM, Anderson RT, Ferketich AK, Seiber EE, Balkrishnan R, Paskett ED. Effect on survival of 
longer intervals between confirmed diagnosis and treatment initiation among low-income women with breast 
cancer. J Clin Oncol. 2012;30(36):4493-4500. doi:10.1200/JCO.2012.39.7695
16. Richards MA, Westcombe AM, Love SB, Littlejohns P, Ramirez AJ. Influence of delay on survival in patients 
with breast cancer: a systematic review. Lancet. 1999;353(9159):1119-1126. doi:10.1016/s0140-6736(99)02143-1

17. Khorana AA, Tullio K, Elson P, et al. Time to initial cancer treatment in the United States and association with 
survival over time: an observational study. PLoS One. 2019;14(3):e0213209. doi:10.1371/journal.pone.0213209
18. Murphy CT, Galloway TJ, Handorf EA, et al. Increasing time to treatment initiation for head and neck cancer: 
an analysis of the National Cancer Database. Cancer. 2015;121(8):1204-1213. doi:10.1002/cncr.29191
19. Dolly D, Mihai A, Rimel BJ, et al. A delay from diagnosis to treatment is associated with a decreased overall 
survival for patients with endometrial cancer. Front Oncol. 2016;6:31. doi:10.3389/fonc.2016.00031
20. Gomez DR, Liao KP, Swisher SG, et al. Time to treatment as a quality metric in lung cancer: staging studies, 
time to treatment, and patient survival. Radiother Oncol. 2015;115(2):257-263. doi:10.1016/j.radonc.2015.04.010
21. Patient Protection and Affordable Care Act, 42 USC § 18001 (2010). Government Publishing Office. 
Accessed July 6, 2020. https://www.govinfo.gov/content/pkg/PLAW-111publ148/pdf/PLAW-111publ148.pdf
22. Status of state action on the Medicaid expansion decision. Kaiser Family Foundation. Accessed July 6, 
2020. https://www.kff.org/health-reform/state-indicator/state-activity-around-expanding-medicaid-under-the-
affordable-care-act/?currentTimeframe=0&selectedDistributions=current-status-of-medicaid-expansion- 
decision&sortModel=%7B%22colId%22:%22Location%22,%22sort%22:%22asc%22%7D
23. Davidoff AJ, Guy GP Jr, Hu X, et al. Changes in health insurance coverage associated with the Affordable 
Care Act among adults with and without a cancer history: population-based national estimates. Med Care. 
2018;56(3):220-227. doi:10.1097/MLR.0000000000000876
24. Garfield R, Orgera K, Damico A. The uninsured and the ACA: a primer—key facts about health insurance 
and the uninsured amidst changes to the Affordable Care Act. Kaiser Family Foundation. January 25, 2019. 
Accessed July 6, 2020. https://www.kff.org/uninsured/report/the-uninsured-and-the-aca-a-primer-key-facts-
about-health-insurance-and-the-uninsured-amidst-changes-to-the-affordable-care-act/
25. Jemal A, Lin CC, Davidoff AJ, Han X. Changes in insurance coverage and stage at diagnosis among 
nonelderly patients with cancer after the Affordable Care Act. J Clin Oncol. 2017;35(35):3906-3915. 
doi:10.1200/JCO.2017.73.7817
26. Han X, Yabroff KR, Ward E, Brawley OW, Jemal A. Comparison of insurance status and diagnosis stage 
among patients with newly diagnosed cancer before vs after implementation of the Patient Protection and 
Affordable Care Act. JAMA Oncol. 2018;4(12):1713-1720. doi:10.1001/jamaoncol.2018.3467
27. Chino F, Suneja G, Moss H, Zafar SY, Havrilesky L, Chino J. Health care disparities in cancer patients receiv-
ing radiation: changes in insurance status after Medicaid expansion under the Affordable Care Act. Int J Radiat 
Oncol Biol Phys. 2018;101(1):9-20. doi:10.1016/j.ijrobp.2017.12.006
28. Kino S, Kawachi I. The impact of ACA Medicaid expansion on socioeconomic inequality in health care 
services utilization. PLoS One. 2018;13(12):e0209935. doi:10.1371/journal.pone.0209935
29. Miller S, Wherry LR. Health and access to care during the first 2 years of the ACA Medicaid expansions. 
N Engl J Med. 2017;376(10):947-956. doi:10.1056/NEJMsa1612890
30. Sineshaw HM, Ellis MA, Yabroff KR, et al. Association of Medicaid expansion under the Affordable Care 
Act with stage at diagnosis and time to treatment initiation for patients with head and neck squamous cell 
carcinoma. JAMA Otolaryngol Head Neck Surg. 2020;146(3):247-255. doi:10.1001/jamaoto.2019.4310
31. Artiga S, Orgera K, Damico A. Changes in health coverage by race and ethnicity since implementation of 
the ACA, 2013-2017. Kaiser Family Foundation. March 5, 2020. Accessed July 6, 2020. https://www.kff.org/
disparities-policy/issue-brief/changes-in-health-coverage-by-race-and-ethnicity-since-the-aca-2010-2018/
32. Khanna S, Kim KN, Qureshi MM, et al. Impact of patient demographics, tumor characteristics, and 
treatment type on treatment delay throughout breast cancer care at a diverse academic medical center. Int J 
Womens Health. 2017;9:887-896. doi:10.2147/IJWH.S150064
33. Mahal BA, Chen YW, Muralidhar V, et al. National sociodemographic disparities in the treatment of 
high‐risk prostate cancer: do academic cancer centers perform better than community cancer centers? Cancer. 
2016;122(21):3371-3377. doi:10.1002/cncr.30205
34. Neal RD, Tharmanathan P, France B, et al. Is increased time to diagnosis and treatment in symptomatic 
cancer associated with poorer outcomes? systematic review. Br J Cancer. 2015;112(suppl 1):S92-S107. 
doi:10.1038/bjc.2015.48
35. Ma X, Long L, Moon S, Adamson BJS, Baxi SS. Comparison of population characteristics in real-world 
clinical oncology databases in the US: Flatiron Health, SEER, and NPCR. MedRxiv. Preprint posted online May 
30, 2020. doi:10.1101/2020.03.16.20037143
36. State employment and unemployment (monthly). US Bureau of Labor Statistics. Updated April 16, 2021. 
Accessed July 6, 2020. https://www.bls.gov/web/laus.supp.toc.htm
37. About section 1115 demonstrations. Medicaid.gov. Accessed July 6, 2020. https://www.medicaid.gov/
medicaid/section-1115-demo/about-1115/index.html
38. Norton EC, Dowd BE, Maciejewski ML. Marginal effects—quantifying the effect of changes in risk factors in 
logistic regression models. JAMA. 2019;321(13):1304-1305. doi:10.1001/jama.2019.1954
39. Basu A, Rathouz PJ. Estimating marginal and incremental effects on health outcomes using flexible link 
and variance function models. Biostatistics. 2005;6(1):93-109. doi:10.1093/biostatistics/kxh020
40. The R Project for Statistical Computing. R Project. Accessed July 6, 2020. https://www.R-project.org/
41. STROBE Statement: strengthening the reporting of observational studies in epidemiology. STROBE State-
ment. Accessed July 6, 2020. https://www.strobe-statement.org/index.php?id=strobe-home
42. Barnes JM, Harris JK, Brown DS, King A, Johnson KJ. Impacts of the Affordable Care Act dependent coverage 
provision on young adults with cancer. Am J Prev Med. 2019;56(5):716-726. doi:10.1016/j.amepre.2018.12.011
43. Mesquita-Neto JWB, Cmorej P, Mouzaihem H, Weaver D, Kim S, Macedo FI. Disparities in access to cancer 
surgery after Medicaid expansion. Am J Surg. 2019;219(1):181-184. doi:10.1016/j.amjsurg.2019.06.023
44. Eaglehouse YL, Georg MW, Shriver CD, Zhu K. Racial comparisons in timeliness of colon cancer treatment 
in an equal-access health system. J Natl Cancer Inst. 2020;112(4):410-417. doi:10.1093/jnci/djz135
45. Palaty C. The national forum on cancer care for all Canadians: improving access and minimizing disparities 
for vulnerable populations in Canada. British Columbia Cancer Agency/Canadian Partnership Against Cancer. 
Forum proceedings. 2008. 

Visit ajmc.com/link/88700 to download PDF and eAppendix



eAppendix 

Association of Affordable Care Act (ACA) Medicaid Expansion with Reduction of Racial 

Disparities in Timely Cancer Treatment 

Section 1. Study Design and Population 

Section 1.1. Medicaid expansion variable  

Coverage under the Medicaid expansion became effective January 1, 2014 in all states that 

adopted the Medicaid expansion except for the following: Michigan (4/1/2014), New Hampshire 

(8/15/2014), Pennsylvania (1/1/2015), Indiana (2/1/2015), Alaska (9/1/2015), Montana 

(1/1/2016), Louisiana (7/1/2016), Virginia (1/1/2019), Maine (1/10/2019 with coverage 

retroactive to 7/2/2018), and Idaho, Nebraska, and Utah (to be determined). States with Medicaid 

expansion after December 31, 2015 (LA, ME, MT, and VA) were excluded in a sensitivity 

analysis. Arizona, Arkansas, Indiana, Iowa, Michigan, Montana, New Hampshire, New Mexico, 

and Ohio have approved Section 1115 waivers to operate their Medicaid expansion programs in 

ways not otherwise allowed under federal law.  

Refer to the Kaiser Family Foundation website for details on the status of Medicaid expansion by 

state: https://www.kff.org/health-reform/state-indicator/state-activity-around-expanding-

medicaid-under-the-affordable-care-

act/?currentTimeframe=0&sortModel=%7B%22colId%22:%22Location%22,%22sort%22:%22asc

%22%7D 

 

Section 1.2. Diagnosis codes used in cohort selection 

The study included patients diagnosed with advanced or metastatic solid tumors between ages 18 

and 64 years in the deidentified Flatiron Health, Inc. database from January 1, 2011 to January 

31, 2019. We included patients with at least two documented clinic encounters on different days 

occurring on or after January 1, 2011, or after January 1, 2013 for prostate and colorectal.  

We required patients to have at least one month of potential follow-up time after advanced 

diagnosis, until death or February 28, 2019. Patients were included in the first box of the 

eAppendix Figure 1 patient population selection only if the diagnosis was confirmed through 

abstraction from linked pathology reports. The following ICD codes (eAppendix Table 1) were 

used to identify potential patients for further chart review.  

 



eAppendix Table 1. Diagnosis codes used in cohort selection 

Cancer Type Diagnosis codes Target cohort 

confirmed through 

chart review and 

abstraction 

Non-small cell lung 

cancer 

ICD-9 162.x or ICD-10 C34x or C39.9 Locally advanced or 

metastatic disease 

Colorectal cancer ICD-9 153.x or 154.x or ICD-10 C18x, or 

C19x, or C20x, or C21x 

Metastatic disease 

Gastric/esophageal 

cancer 

Gastric: ICD-9 code 151-151.9 (151.x) or 

ICD-10 code  C16-C16.9 (C16.x). 

GEJ/Esophageal: ICD-9 code 150-150.9 

(150.x) or ICD-10 code  C15-C15.9 

(C15.x) 

Locally advanced or 

metastatic disease 

Urothelial cancer ICD-9 188x, 189.1, 189.2, 189.3, or ICD-

10 C65x, C66x, C67x, C68.0 

Regional node 

involvement  or 

metastatic disease 

Breast cancer ICD-9 174.x or 175.x or ICD-10 C50x Metastatic disease 

Prostate cancer ICD 9 code 185x or ICD 10 code C61x Metastatic disease 

Melanoma ICD-9 172.x or ICD-10 C43x or D03x Metastatic disease 

Renal cell 

carcinoma 

ICD-9 189.x or ICD-10 C64x or C65x Metastatic disease 

Note: All patients in the sample had diagnosis and diagnosis date confirmed by chart abstraction.  

 

 



eAppendix Figure 1. Study population selection diagram. Patients with advanced or 

metastatic cancer diagnosed from January 1, 2011 through January 31, 2019, and with possible 

follow-up through February 28, 2019. 

Abbreviations: EHR, electronic health record; NSCLC, non-small cell lung cancer; RCC, renal-

cell cancer. 

 
 

 

  



Section 2. Variable definitions 

Key variables in the regression model are defined here in further detail. The state assigned to 

each patient was based on the location of the clinic where they received care.  

2.1 Race and Ethnicity Variable 

Race was self-reported by patients or classified by providers using the following options defined 

by the electronic health record: Asian, Black or African American, White, or Other Race. 

Ethnicity was self-reported by patients or classified by providers using the following options 

defined by the electronic health record (EHR): “Hispanic or Latin American” or “Missing/Not 

documented.” The “White” level of race categories includes all patients that have structured 

EHR information indicating White race, regardless of Hispanic ethnicity. The “Black” level of 

race category includes any patient with structured EHR information indicating Black or African 

American, regardless of Hispanic ethnicity. If the EHR information about race was missing or 

not documented and the ethnicity was documented as “Hispanic or Latin American”, then the 

race variable was re-coded as “Other.” This was a choice made by the authors to be inclusive in 

the disparity group and restrictive in the reference group for comparison.  

2.2 Diagnosis date 

Diagnosis date is recorded by the provider and therefore may reflect providers’ variation in 

documentation. Based on the variation in physician recorded diagnosis date, there may be some 

treatment dates that occur before the diagnosis date due to line of therapy definition rules that 

allowed first-line treatment to occur up to 14 days prior to the patient's advanced or metastatic 

diagnosis date. Advanced and metastatic diagnoses often occur after initial diagnosis and may 

not be captured in structured fields. The date of advanced or metastatic diagnosis was confirmed 

for every patient in the sample with manual abstraction from structured and unstructured data in 

the electronic medical record.  

 

2.3 Unemployment Rate 

The annual unemployment rate for states was obtained from years 2011-2018. For patients 

diagnosed in 2019, the February 2019 seasonally-adjusted unemployment rate was used 

(https://www.bls.gov/web/laus.supp.toc.htm). Regional and state unemployment tables are 

available at https://www.bls.gov/bls/news-release/home.htm#SRGUNE .  

 



Insurance Type [ALL] Expanded Not expanded p-value 

 N=23749 N=9819 N=13930  

Insurance Category:    0.829 

Commercial 14155 (59.6%) 5837 (59.4%) 8318 (59.7%)  

Medicaid 2293 (9.66%) 961 (9.79%) 1332 (9.56%)  

Other 7301 (30.7%) 3021 (30.8%) 4280 (30.7%)  

 

Section 3. Variability in Timely Treatment between Cancer Types 

The median time to treatment was 32 days and the mean was 62.7 days (95% CI: 61.1 to 64.3). 

Among the treated patients, the unadjusted percentage of timely treatment was similar across the 

advanced and metastatic cancer types included in this study, with slightly higher rates of timely 

treatment for patients with metastatic breast and metastatic prostate cancer, as seen in Figure 3 

and eAppendix Table 2. 

eAppendix Table 2. Probability of timely cancer treatment for each cancer type.  

 Probability of Timely Treatment 

Cancer Type Mean Lower 95% CI Upper 95% CI 

Advanced NSCLC 0.443 0.433 0.452 

Metastatic Colorectal Cancer 0.429 0.417 0.442 

Metastatic Breast Cancer 0.654 0.642 0.665 

Advanced Gastric/Esophageal 

Cancer 
0.486 0.464 0.508 

Advanced Melanoma 0.393 0.366 0.420 

Metastatic Renal Cell 

Carcinoma 
0.399 0.376 0.423 

Advanced Urothelial 

Carcinoma 
0.384 0.353 0.416 

Metastatic Prostate Cancer 0.594 0.565 0.624 



Section 4. Regression Specification Detail 

4.1 Model description 

We fit a model to estimate the difference-in-differences of two probabilities. The multivariable 

regression model compares changes in the racial disparity in timely treatment associated with 

diagnosis under a Medicaid expansion compared to not-expanded. We estimate the following 

model using multivariable regression. 

We controlled for all the clinical, economic, and policy variables that were of interest.  

 

𝑃(𝑇𝑖𝑚𝑒𝑙𝑦𝑇𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡) 	= 𝛼	 + 	𝛽	𝑟𝑎𝑐𝑒	 + 		𝛽	𝑒𝑥𝑝𝑎𝑛𝑑𝑒𝑑	 + 𝛽	𝑟𝑎𝑐𝑒 ∗ 𝑒𝑥𝑝𝑎𝑛𝑑𝑒𝑑	 + 

  𝛽	𝑋	 + 	𝛽	𝑎𝑐𝑎	 + 	𝛽	𝑠𝑡𝑎𝑡𝑒	 + 	𝛽	𝑞𝑢𝑎𝑟𝑡𝑒𝑟		 

 

Where P(TimelyTreatment) is the probability of starting first-line systemic therapy within 30 

days of advanced or metastatic diagnosis among patients that had documented systemic therapy; 

X represents the covariates age, sex, practice setting (academic or community), cancer type, 

stage at initial diagnosis, and state unemployment rate in year of diagnosis. Quarter is a vector of 

quarter-year time fixed effects assigned by diagnosis date. State is a vector of state fixed effects. 

Structured race and ethnicity EHR data were combined to create a hierarchical categorical 

measure, with categories of non-Hispanic White (“White”), Black or African American 

(“Black”), Asian, Other Race (includes Hispanic or Latino), and unknown/not documented. State 

unemployment rates were assigned based on the state of residence and year in which the patients 

received the advanced or metastatic diagnosis.  

 

4.2 Fitted coefficients 

The fitted linear regression model coefficients are provided in Appendix Table 3. The 

coefficients for state and time fixed effects are not shown. Interpretation of the main effect is 

from the interaction between Expanded*Black, adjusted for all other model covariates.  

eAppendix Table 3. Fitted coefficients for the model. 

Coefficient Estimate Lower CI Upper CI p-value 

(Intercept) 0.353 0.064 5.528 < 0.001 

Medicaid expansion 0.015 0.012 1.242 0.21 



Race/ethnicity     

Black  -0.048 0.011 -4.395 < 0.001 

Asian 0.033 0.027 1.215 0.22 

Other Race 0.002 0.012 0.179 0.85 

Interaction terms     

Expanded*Black 0.039 0.02 2.001 0.045 

Expanded*Asian -0.034 0.035 -0.958 0.33 

Expanded*Other Race -0.036 0.018 -2.01 0.044 

Age at diagnosis -0.001 0 -3.617 < 0.001 

Male sex 0.011 0.007 1.66 0.097 

Academic practice setting -0.058 0.026 -2.206 0.027 

Cancer Type     

Urothelial 0.015 0.021 0.703 0.48 

Gastric/esophageal 0.106 0.018 5.936 < 0.001 

Breast 0.266 0.016 16.73 < 0.001 

Colorectal 0.048 0.015 3.13 0.002 

Renal cell carcinoma 0.021 0.019 1.126 0.26 

NSCLC 0.076 0.015 5.043 < 0.001 

Prostate 0.239 0.021 11.444 < 0.001 

Stage at diagnosis     

Stage I 0.063 0.014 4.408 < 0.001 

Stage II 0.085 0.01 8.356 < 0.001 

Stage III 0.113 0.007 15.811 < 0.001 

Unknown/not documented 0.04 0.013 3.18 0.001 

State unemployment rate 0.004 0.006 0.65 0.51 



Notes: The coefficients for state and quarter fixed effects are not shown. The race category is in 

reference to non-Hispanic White. The practice setting variable is in reference to community 

oncology clinics. Stage at diagnosis uses ‘Stage IV’ as the reference group. 

 

4.3 Testing the parallel trends assumption 

We tested the assumption of parallel trends in the pre-period by fitting a model using only 

patients diagnosed before ACA implementation. It included the covariates ever_expanded, time, 

and the interaction between expansion and time. The interaction between expansion and time 

was not significant (p = 0.9).  

We conducted a falsification test to further test the assumption of parallel trends. This test 

ascertains whether there are things happening in the expansion states that are not parallel to what 

is happening in the non-expansion. We create a new variable called ‘false_expansion’ that is 

equal to 1 for ever expanded states after Jan 1, 2013 and 0 otherwise. We refit the model 

replacing expansion with false_expansion using data through Dec 31, 2013. The results found 

that the assumption of parallel trends was not violated. The coefficient for the interaction 

between false expansion and Black race was not significant (p = 0.46). 

 

eAppendix Figure 2. Annual unadjusted rate of racial disparity in timely treatment in 

states that would not expand before Feb 1, 2019 compared to states that did eventually 

expand fore Feb 1, 2019. Racial disparity is here calculated as the unadjusted difference in the 

annual rate of timely treatment for Black patients compared to the rate of timely treatment for 

White patients in the same year. The figure should be interpreted with caution because the raw 

racial disparity rates do not account for differences in the mix of baseline characteristics and 

cancers by race or state.  



 
 

 

Section 5. Alternative Model Specifications and Sample Definitions 

5.1 Alternative specification: difference-in-difference-in-difference (DDD) 

In a simplified, more traditional method we drop states expanding Medicaid expansion after Dec 

31, 2015. We use an indicator variable for ‘Medicaid expansion ever’ and define an ‘ACA post 

period’ term as equal to 1 for all patients diagnosed after 2014. The association between 

Medicaid expansion and reduction in racial disparities in timely treatment is interpreted here 

using the coefficient of the triple interaction term (Medicaid expansion ever, ACA post period, 

and race). The regression is specified as 

 

𝑃(𝑇𝑖𝑚𝑒𝑙𝑦𝑇𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡) 	= 𝛼	 + 	𝛽	𝑟𝑎𝑐𝑒	 + 			𝛽	𝐴𝐶𝐴	 + 	𝛽	𝐸𝑣𝑒𝑟𝐸𝑥𝑝𝑎𝑛𝑑𝑒𝑑	 + 

  𝛽	𝐴𝐶𝐴 ∗ 𝐸𝑣𝑒𝑟𝐸𝑥𝑝𝑎𝑛𝑑𝑒𝑑	 + 	𝛽	𝑟𝑎𝑐𝑒 ∗ 𝐴𝐶𝐴	 + 𝛽	𝑟𝑎𝑐𝑒 ∗ 𝐸𝑣𝑒𝑟𝐸𝑥𝑝𝑎𝑛𝑑𝑒𝑑	 +	 

		𝛽	𝐴𝐶𝐴 ∗ 𝐸𝑣𝑒𝑟𝐸𝑥𝑝𝑎𝑛𝑑𝑒𝑑 ∗ 	𝑟𝑎𝑐𝑒	 + 

  𝛽	𝑋		 + 	𝛽	𝑠𝑡𝑎𝑡𝑒	 + 	𝛽	𝑞𝑢𝑎𝑟𝑡𝑒𝑟		 

 

where X represents the covariates age, sex, practice setting (academic or community), cancer 

type, stage at initial diagnosis, and state unemployment rate in year of diagnosis. State is a vector 

of state fixed effects. Quarter is a vector of quarter-year time fixed effects assigned by index 

date.  



To address the question of race disparities, we included 2 and 3-way interactions between 

race/ethnicity, expansion, and post-period, resulting in a DDD analysis. To simplify 

interpretation, we used the recycled predictions approach to illustrate various comparisons across 

the three dimensions. 

5.2 Alternative DDD results 

The association between Medicaid expansion and reduction in racial disparities in timely 

treatment is interpreted here using the estimated coefficient from Appendix Table 4 and recycled 

predictions to illustrate the stepwise DDD calculations. As seen in Appendix Table 5, race 

disparities in the non-expansion states increased post-expansion from -3.3 pp (95% CI:-8.3 to 

1.8) to -4.8 pp (95%CI: -7.7 to -1.9). In contrast, the Black-White disparities in the expansion 

states decreased from -4.4pp (95%CI: -9.9 to 1.2) to -1.7pp (95%CI: -5.0 to 1.5), for a net 

reduction in disparities associated with post-expansion period of 4.2pp (95% CI: -4.4 to 12.8). 

Unlike the main analysis, few of the results achieved statistical significance, possibly due to 

smaller sample size, pooling of expansion states in 2014 and 2015, or the reliance on multiple 

interaction terms, which tends to be less efficient. We note that this DDD analysis highlights 

very large increases in timely treatment associated with the post-period regardless of race and 

expansion status. In this specification, the 2014 “post period” captures the effects of Medicaid 

expansions in this time period, as well as the establishment of state-level insurance marketplaces, 

premium and cost sharing subsidies, and caps on out-of-pocket spending for privately insured, 

which may have also influenced time treatment.  

eAppendix Table 4. Regression model fit using alternative difference-in-difference approach 

 Estimate LCL UCL p-value 

Medicaid expansion ever -11.649 -27.639 4.34 0.153 

Black race -3.26 -8.274 1.754 0.203 

Medicaid expansion ever * Post Period 2.949 -0.128 6.027 0.06 

Post Period * Black race -1.562 -7.262 4.138 0.591 

Medicaid expansion ever * Black race -1.103 -8.601 6.395 0.773 

Medicaid expansion ever * Post Period * Black 

race 

4.214 -4.367 12.795 0.336 



Note: Adjusting for age, sex, practice setting, cancer type, stage at diagnosis, state fixed effects, 

and quarter-time fixed effects. Excludes patients diagnosed in any state with Medicaid expansion 

after Dec 31, 2015 (LA, ME, MT, and VA). Assumes all expansion states implement Medicaid 

expansion on January 1, 2014. The reference group for Black race is non-Hispanic White race. N 

= 27,924. 

 

eAppendix Table 5. Adjusted results from alternative DDD approach 

Adjusted DDD Analysis 

 Non-Expansion States Medicaid Expansion Ever  

 Pre Post 
Pre-post 

change 
Pre Post 

Pre-post 

change 

Pre-post, 

expansion 

vs non-

expansion 

(DD) 

All 

race/ethnicit

y 

33.5 61.4 

27.8 

(15.8, 

39.8) 

22.8 52.8 

30.3 

(17.9, 

42.1) 

2.5 

Non-

Hispanic 

White 

34.3 62.1 

27.8 

(15.7, 

39.8) 

22.7 53.4 

30.7 

(18.6, 

42.8) 

2.9 

Black 31.1 57.3 

26.2 

(13.2, 

39.2) 

18.3 51.7 

33.4 

(20.0, 

46.7) 

7.2 

Black-White 

difference 

(DD) 

-3.3 

(-8.3, 1.8) 

-4.8 

(-7.7, -1.9) 
-1.6 

-4.4 

(-9.9, 1.2) 

-1.7 

(-5.0, 1.5) 
3.9 

4.2 

(-4.4, 

12.8) 

Note: Non-expansion states in this study included AL, FL, GA, ID, MO, MS, NC, NE, OK, SC, 

TN, TX, and UT. Expansion indicates states that adopted and implemented Medicaid expansion 

by December 31, 2015, including AR, AZ, CA, CO, CT, HI, IA, IL, IN, MA, MD, MI, NJ, NM, 



NY, OH, PA, WA, and WV. Assumes all expansion states implement Medicaid expansion on 

January 1, 2014.  Timely treatment is defined as start of first-line systemic therapy within 30 

days of advanced or metastatic diagnosis date. N = 27,924. Abbreviations: DD, difference-in-

differences; DDD, difference-in-difference-in-differences.  

 

5.3 Additional sensitivity analyses  

We performed several sensitivity analyses presented in Appendix Table 6. A multivariable linear 

regression model limited to the sample of patients with initial Stage IV at diagnosis found the 

interaction between Black race and Medicaid expansion to be similar. 

eAppendix Table 6. Sensitivity analyses using alternative model specifications and assumptions 

to estimate the change in timely treatment for expansion vs non-expansion, Black vs White race, 

and expansion-related change in racial disparity 

 
Medicaid Expansion Racial Disparity 

Adjusted Difference-

in-Differences 

 

Estimate 

(95% CI) 

P 

Value 

Estimate 

(95% CI) 

P 

Value 

Estimate 

(95% CI) 

P 

Value 

Primary analysis: linear 

model 1.5 (-.9, 3.9) 0.21 

-4.8 (-6.9, -

2.6) <0.001 3.9 (0.1, 7.7) 0.045 

Study population 

selection       

Include Stage IV patients 

only 0.3 (-2.9, 3.5) 0.84 

-5.2 (-7.9, -

2.4) <0.001 

4.5 (-0.6, 

9.6) 0.081 

Excluding states with early 

expansion 1.3 (-1.3, 3.9) 0.32 

-4.9 (-7.0, -

2.7) <0.001 

2.7 (-1.7, 

7.1) 0.224 

Alternative outcome 

definition       

Timely treatment: 14 days 0.2 (-1.7, 2.1) 0.81 

-2.5 (-4.2, -

0.83) 0.004 

2.8 (-0.3, 

5.8) 0.074 



Timely treatment: 60 days 1.0 (-1.0, 3.0) 0.33 

-3.9 (-5.6, -

2.1) <0.001 

2.3 (-0.9, 

5.4) 0.165 

Notes: Estimates represent units of percentage point difference in the probability of timely 

treatment from the multivariable linear model, adjusted for age, race, sex, stage at initial 

diagnosis, practice setting, cancer type, unemployment, state and quarter of diagnosis fixed 

effects, unless otherwise noted.*  

Comparison of sample characteristics stratified by race  

We described the baseline characteristics of patients stratified by race to compare the 

distributions of other characteristics in Appendix Table 7. The other race category included 

Hispanic patients. We excluded patients with missing race or ethnicity data from our sample.  

eAppendix Table 7. Baseline characteristics of cancer patients stratified by race 

 

[ALL] 

White, 

non-

Hispanic 

Black Asian Other Race 
P 

Value 

 N=30310 N=21862 N=3726 N=865 N=3857  

Sex, n (%)      <0.001 

Female 15920 

(52.5) 

11302 

(51.7) 

2082 (55.9) 474 (54.8) 2062 (53.5)  

Male 14389 

(47.5) 

10560 

(48.3) 

1643 (44.1) 391 (45.2) 1795 (46.5)  

Median age at 

advanced diagnosis, 

years [IQR] 

57.0 

[51.0;61.0] 

57.0 

[52.0;61.0] 

57.0 

[50.2;61.0] 

56.0 

[49.0;61.0] 

56.0 

[50.0;61.0] 

<0.001 

Age group at 

advanced diagnosis, 

n (%): 

     <0.001 

18-34 598 (2.0) 363 (1.7) 104 (2.8) 25 (2.9) 106 (2.8)  

35-44 2319 (7.7) 1508 (6.9) 337 (9.0) 97 (11.2) 377 (9.8)  



45-54 8448 (27.9) 6000 (27.4) 1062 (28.5) 257 (29.7) 1129 (29.3)  

55-64 18945 

(62.5) 

13991 

(64.0) 

2223 (59.7) 486 (56.2) 2245 (58.2)  

Practice Setting, n 

(%) 

     <0.001 

Academic 2600 (8.6) 2130 (9.7) 232 (6.2) 52 (6.0) 186 (4.8)  

Community 27710 

(91.4) 

19732 

(90.3) 

3494 (93.8) 813 (94.0) 3671 (95.2)  

Cancer type, n (%):      <0.001 

Non-small cell lung 

cancer 

10647 

(35.1) 

7940 (36.3) 1238 (33.2) 314 (36.3) 1155 (29.9)  

Colorectal Cancer 6392 (21.1) 4377 (20.0) 869 (23.3) 231 (26.7) 915 (23.7)  

Breast Cancer 6367 (21.0) 4360 (19.9) 928 (24.9) 183 (21.2) 896 (23.2)  

Gastric/Esophageal 

Cancer 

1943 (6.41) 1334 (6.1) 219 (5.9) 76 (8.8) 314 (8.1)  

Melanoma 1247 (4.1) 1152 (5.3) 6 (0.2) 3 (0.4) 86 (2.2)  

Renal Cell 

Carcinoma 

1700 (5.6) 1246 (5.7) 178 (4.8) 31 (3.6) 245 (6.4)  

Urothelial Carcinoma 934 (3.1) 731 (3.3) 85 (2.3) 13 (1.5) 105 (2.7)  

Prostate Cancer 1080 (3.6) 722 (3.3) 203 (5.5) 14 (1.6) 141 (3.7)  

Stage at initial 

diagnosis, n (%): 

     <0.001 

Stage I 1314 (4.3) 1032 (4.7) 124 (3.3) 32 (3.7) 126 (3.3)  

Stage II 3086 (10.2) 2244 (10.3) 375 (10.1) 75 (8.7) 392 (10.2)  

Stage III 6655 (22.0) 4834 (22.1) 830 (22.3) 185 (21.4) 806 (20.9)  



Stage IV 17357 

(57.3) 

12390 

(56.7) 

2163 (58.1) 531 (61.4) 2273 (58.9)  

Unknown/not 

documented 

1898 (6.3) 1362 (6.2) 234 (6.3) 42 (4.9) 260 (6.7)  

Region, n (%):      <0.001 

West 5600 (18.5) 3656 (16.7) 199 (5.3) 364 (42.1) 1381 (35.8)  

Northeast 7113 (23.5) 5592 (25.6) 620 (16.6) 219 (25.3) 682 (17.7)  

South 12595 

(41.6) 

8642 (39.5) 2454 (65.9) 212 (24.5) 1287 (33.4)  

Midwest 5002 (16.5) 3972 (18.2) 453 (12.2) 70 (8.1) 507 (13.1)  

Median state 

unemployment rate, 

seasonal-adjusted, 

[IQR] 

5.4 [4.6;6.8] 5.4 [4.6;6.8] 5.5 [4.6;6.6] 5.3 [4.4;6.3] 5.2 [4.5;6.6] <0.001 

Insurance type, n 

(%): 

     <0.001 

Commercial 14155 

(59.6) 

10535 

(62.3) 

1540 (52.2) 410 (57.3) 1670 (52.7)  

Medicaid 2293 (9.7) 1364 (8.1) 553 (18.7) 49 (6.85) 327 (10.3)  

Other 7301 (30.7) 5017 (29.7) 858 (29.1) 256 (35.8) 1170 (36.9)  

 

We compared the distribution of race in each cancer type to understand if any specific cancers 

types may be disproportionately influence the findings. Black patients were more likely to be 

female. This generalizability of our findings to patients with missing race/ethnicity information 

rests on the assumption that the distribution of covariates, outcomes, and policy effect is similar 

for these excluded patients. All available advanced or metastatic cancer types within our 

database were included in the main analysis. Considering the low prevalence of melanoma in the 



Black population, a sensitivity analysis excluded all melanoma patients, producing similar 

conclusions.  

  



R Code Session Information 

The following information documents the programming language version and packages used in 

the study. The analysis was conducted in R version 3.3.2 (2016-10-31) Platform: x86_64-apple-

darwin13.4.0 (64-bit) Running under: macOS 10.13.6.  

locale: [1] en_US.UTF-8/en_US.UTF-8/en_US.UTF-8/C/en_US.UTF-8/en_US.UTF-8 

attached base packages: [1] parallel stats graphics grDevices utils datasets methods 

[8] base 

other attached packages: [1] TH.data_1.0-7 MASS_7.3-45 bindrcpp_0.2.2 

[4] margins_0.3.23 Publish_2018.04.17 prodlim_2018.04.18 [7] stargazer_5.2 gridExtra_2.2.1 

compareGroups_4.0.0 [10] SNPassoc_1.9-2 mvtnorm_1.0-5 haplo.stats_1.7.7 

[13] xtable_1.8-2 gdata_2.17.0 Hmisc_4.0-1 

[16] Formula_1.2-1 survival_2.40-1 lattice_0.20-34 

[19] kableExtra_0.9.0 tibble_1.4.2 knitr_1.21 

[22] tidyr_0.6.0 readr_1.0.0 purrr_0.2.5 

[25] lubridate_1.6.0 stringr_1.3.1 RColorBrewer_1.1-2 [28] ggplot2_3.1.0 dplyr_0.7.8 

FlatironR_0.3.00 

loaded via a namespace (and not attached): [1] nlme_3.1-128 xts_0.9-7 rms_5.0-1 

[4] httr_1.2.1 tools_3.3.2 utf8_1.1.4 

[7] DT_0.2 R6_2.3.0 rpart_4.1-10 

[10] DBI_1.0.0 lazyeval_0.2.0 mgcv_1.8-15 

[13] colorspace_1.3-1 nnet_7.3-12 withr_2.1.2 

[16] mnormt_1.5-5 tidyselect_0.2.5 base64_2.0 

[19] chron_2.3-53 cli_1.0.1 rvest_0.3.2 

[22] quantreg_5.29 htmlTable_1.7 HardyWeinberg_1.5.6 [25] mice_2.25 SparseM_1.74 

xml2_1.2.0 

[28] sandwich_2.3-4 labeling_0.3 scales_1.0.0 

[31] psych_1.6.9 polspline_1.1.12 epitools_0.5-7 

[34] digest_0.6.10 foreign_0.8-67 rmarkdown_1.11 

[37] pkgconfig_2.0.2 htmltools_0.3.5 highcharter_0.4.0 

[40] dbplyr_1.2.2 highr_0.6 TTR_0.23-1 



[43] htmlwidgets_0.8 rlang_0.3.0.1 quantmod_0.4-7 

[46] rstudioapi_0.6 bindr_0.1.1 jsonlite_1.1 

[49] zoo_1.7-13 gtools_3.5.0 acepack_1.4.1 

[52] rlist_0.4.6.1 magrittr_1.5 Matrix_1.2-7.1 

[55] fansi_0.4.0 Rcpp_1.0.0 munsell_0.5.0 

[58] RPostgreSQL_0.5-2 prediction_0.3.6.1 stringi_1.2.4 

[61] multcomp_1.4-6 yaml_2.2.0 plyr_1.8.4 

[64] grid_3.3.2 crayon_1.3.4 splines_3.3.2 

[67] pillar_1.3.1 igraph_1.0.1 reshape2_1.4.2 

[70] codetools_0.2-15 glue_1.3.0 evaluate_0.10 

[73] latticeExtra_0.6-28 data.table_1.11.8 MatrixModels_0.4-1 [76] gtable_0.2.0 openssl_0.9.5 

assertthat_0.2.0 

[79] xfun_0.4 broom_0.4.1 viridisLite_0.1.3 

[82] cluster_2.0.5 lava_1.6.4 
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