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Abstract

Purpose—Cancer survivors frequently receive care from a large number of physicians, creating

challenges for coordination. We sought to explore whether cancer survivors whose providers have

more patients in common (e.g. shared-patients) tend to have higher quality and lower cost care.

Methods—We performed a retrospective cohort study of 8661 patients diagnosed with loco-

regional breast, prostate, or colorectal cancer. We examined survivorship care from Days 366 to

1095 following their cancer diagnosis. Our primary independent variable was “care density”, a

novel metric of the extent to which a patient’s providers share patients with one another. Our

outcome measures were health care utilization, quality metrics, and costs.

Results—In adjusted analyses, we found that patients with high care density—indicating high

levels of patient-sharing among their providers—had significantly lower rates of hospitalization

(OR 0.87, 95% CI 0.75–1.00) and higher odds of an eye examination for diabetes (OR 1.31,

95%CI 1.03–1.66) compared to patients with low care density. High care density was not

associated with emergency department visits, avoidable outcomes, lipid profile following an

angina diagnosis, or odds of glycosylated hemoglobin testing for diabetes. Patients with high care

density had significantly lower total costs of care over 24 months (Beta coefficient −$2,116,

95%CI −$3107 to −$1125) along with lower inpatient and outpatient costs.

Conclusion—Cancer survivors treated by physicians who share more patients with one another

tend to have some higher aspects of quality and lower cost care.
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Implications of cancer survivors—If validated, care density may be a useful indicator for

monitoring care coordination among cancer survivors and potentially targeting interventions that

seek to improve care delivery.
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BACKGROUND

The 2005 Institute of Medicine report ‘From Cancer Patient to Cancer Survivor: Lost in

Transition’ highlights the importance of care coordination for cancer survivors.[1] Patients

with cancer frequently see a large number of health care providers both during their cancer

treatment and into survivorship,[2–6] creating challenges for achieving coordinated care and

increasing its likely value. Poor coordination among providers has been shown to be

widespread, with adverse impacts on health care costs, patient outcomes, and experiences

with care.[7, 8] However, the impact of care coordination among cancer survivors remains

largely unknown.

Care coordination has received increasing attention in recent years. First, multiple health

care reforms—including primary care medical homes and Accountable Care Organizations

—are intended to improve quality through enhanced coordination.[9–13] Second, with

improvements in diagnosis and treatment, life expectancy among cancer survivors has

grown.[14] The five-year relative survival for breast cancer is 90%, for prostate cancer is

100%, and for colorectal cancer is 65%.[15] Third, the extent of comorbidity among cancer

survivors is high.[16] The result is that cancer survivors are living longer and are more

likely to have chronic disease(s) for which coordinated care may be important.

Most research in care coordination for cancer survivors has focused on the type of providers

that a cancer survivor sees, generally finding that patients who visit both a primary care

provider and oncology specialist are most likely to receive appropriate care.[4–6, 17–20]

The current research assesses whether the potential relationships between a patient’s

providers are associated with health care utilization, quality, and cost.

In particular, we examine a novel metric termed “care density” that may reflect aspects of

care coordination. Prior work has validated that doctors who share more patients with one

another are more likely to know one another and communicate about patient care.[21] Care

density extends this concept by measuring—at the patient-level—how frequently his or her

doctors share patients with one another.[22, 23] Prior work has found that, among patients

with diabetes and congestive heart failure, patients whose doctors more frequently share

patients with one another (i.e., have higher levels of care density) had significantly lower

costs of care and fewer hospitalizations.[22] We hypothesized that cancer survivors with

higher care density would have the potential for more highly coordinated care, potentially

resulting in higher quality and lower costs.
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METHODS

Research Design

This is a retrospective cohort study of patients in the time period after they have completed

active cancer treatment and are transitioning to survivorship.[24] Assuming that cancer

treatment would occur in the first year following diagnosis, we examined the association

between care density and outcomes starting on Day 366 post-diagnosis and continuing

through Day 1095. The Johns Hopkins School of Medicine Institutional Review Board

deemed this project exempt.

Data Source

We used the Surveillance, Epidemiology and End Results (SEER)-Medicare linked

database, which combines the clinical information from the SEER registries with Medicare

claims.

Study Subjects

We identified patients diagnosed with loco-regional breast, prostate, or colorectal cancer in

the year 2004 who survived for at least three years. Patients who were not continuously

enrolled in fee-for-service Medicare from one year prior to diagnosis through three years

post diagnosis were excluded. Because we were interested in patients who had completed

acute treatment and had no evidence of active malignancy, we excluded patients with a

subsequent cancer diagnosis, or if they received chemotherapy, radiation, or hospice care

during Days 366–1095.

Calculating Care Density

We determined the extent of patient-sharing using a measure called ‘care density’. Care

density is a patient-level measure that describes the amount of patient-sharing among his or

her outpatient providers. The numerator in this measure is the total number of patients

shared by his/her providers. The denominator is the total number of provider pairs seen by

that patient. Figure 1 provides an example.

To examine the amount of shared patients between physician pairs, we used data from the

cancer cases and data from the 5% sample of patients enrolled in fee-for-service Medicare

during 2004 and 2005. The larger population was used to provide more accurate estimates of

the number of shared patients.

Two physicians shared in the care of a given patient if they both billed for outpatient

evaluation and management visits based on CPT/HCPCS codes. In calculating care density,

we trimmed the number of patients that a provider pair could share at the 99th percentile of

the distribution (representing 6 shared patients).

We defined three groups of physicians based on specialties: primary care providers,

oncology providers, and all other providers. Primary care providers included internal

medicine doctors without subspecialty training, family practitioners, and general

practitioners, geriatricians, and obstetricians and gynecologists. Oncology specialists
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included hematologists and oncologists, surgeons, urologists, and radiation oncologists.

Specialty type was determined using American Medical Association physician specialty

codes and, when unavailable, Centers for Medicare and Medicaid Services codes. For

providers with more than one specialty, they were assigned to the specialty listed in the

majority of their claims. Our primary measure of care density examined patient-sharing

among all of a patient’s physicians seen during days 366 to 1,095 post-diagnosis.

With the skewed distribution of care density and hypothesized non-linear association with

outcomes, care density was divided into tertiles. Care density cannot be calculated when a

patient has only a single provider (the denominator is zero); however, these patients with

less than 2 providers were retained in the analyses in a separate category.

Outcome Measures

Health care utilization—We determined whether patients had at least one hospitalization

or emergency department visit during days 366 to 1095.

Costs—Costs of care during days 366 to 1095 were determined by summing the Medicare

payment amounts from related claims. Costs were classified as total, outpatient, and

inpatient costs.

Quality measures—We used published indicators for the quality of comorbid condition

care.[25] These indicators included 7 different avoidable outcome indicators for chronic

disease: ≥3 emergency department visits for cardiovascular-related diagnoses for patients

with angina, perforated gallbladder for patients with cholelithiasis, admission for

hyperosmolar or ketotic coma for diabetes, subsequent admission for a respiratory diagnosis

for patients with chronic obstructive pulmonary disease or for patients with emphysema,

diagnosis of lung abscess or empyema for patients with pneumonia, and non-elective

admission for congestive heart failure for patients with cardiovascular disease (Appendix

Table 1). These indicators were summarized as no avoidable outcome versus some

avoidable outcome. We also examined process of care indicators for chronic disease

management. For example, among patients who had a claim for diabetes from Days 1–365

from diagnosis (the denominator), we examined whether appropriate diabetes care was

provided during the observation period (Days 366–1095) (the numerator). We examined

receipt of yearly eye examinations and glycosylated hemoglobin or fructosamine testing

every 6 months. We similarly examined the receipt of lipid testing for patients with a new

angina diagnosis.

Covariates

Patient age, gender, and race were determined from beneficiary files. We included urban/

rural status and SEER region. State buy-in was used as an indicator of low socioeconomic

status. We determined comorbidity in the year prior to cancer diagnosis using the Charlson

score as modified by Deyo and implemented by Klabunde.[26–28] Total number of

physician outpatient visits was included as it may be associated with disease severity and

complexity of care coordination. We assessed whether the patient had at least one visit to a

PCP during the 2-year time period due to its known association with outcomes.[29]
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Analyses

After presenting descriptive statistics, bivariate analyses were used to examine the

association between covariates and care density (chi-square for categorical and 2-sample t-

tests for continuous variables). Multivariable logistic regression models were used to

examine the association of care density (independent variable) with outcomes (health care

utilization and with quality measures), adjusting for all covariates. We used multivariable

linear regression models to assess the relationship between care density and total and

outpatient costs. Because a high proportion of patients did not have any inpatient costs, we

used two-part models for this outcome. The first part was a logistic regression model

predicting the incidence of inpatient hospitalization; the second part was a generalized linear

regression model with gamma variance distribution and log-link function estimating

inpatient costs for patients that had at least one inpatient admission. We used recycled

predictions to generate the differences in cost associated with care density and 1,000

bootstrap samples with replacement to estimate the confidence intervals. The following

sensitivity analyses were performed: (a) stratifying analyses by cancer type, (b) log

transforming care density; (c) including only primary care providers and oncology

specialists in constructing care density; (d) to address the issue of reverse causality,

constructing care density only using data from days 366 to 730 and examining outcomes

from days 731 to 1095, and (e) including a covariate for the total number of providers seen,

recognizing that pairs of doctors are used to construct the denominator of care density.

RESULTS

The final sample included 8661 cancer survivors, of whom 4559 had prostate cancer (53%),

2231 had colorectal cancer (26%), and 1871 breast cancer (22%). The mean age was 75, and

65% were male (Table 1). On average, patients had 16 visits during the 2-year interval and

9% had 2 or more comorbidities. Care density was calculated for 7509 patients with at least

2 providers. Care density ranged from 1.0 to 6.0. Patients in the lowest care density tertile

were more likely to be females, non-White, without a PCP, and live in an urban area

compared to the other tertiles. There were 1152 patients who had zero or one providers and

for whom care density could not be calculated. These patients were more likely to be male,

non-white, have state buy-in, and lack a PCP compared to patients who had at least 2

providers.

Table 2 presents the outcome measures. In terms of health care utilization, 22% had been

hospitalized at least once and 29% had been to the emergency room. Avoidable outcomes

were observed in nearly a fifth (19%) of our sample. Median total costs were $3552. Patients

with low care density had the lowest percentage who met quality indicators for angina and

diabetic eye examination. There was significant variation in total and outpatient costs across

tertiles of care density. Patients with less than 2 providers were less likely to have had a

hospitalization, emergency department visit, and to achieve appropriate quality indicators

compared to patients with at least 2 providers. They were more likely to have had an

avoidable outcome and tended to have lower total and outpatient costs of care.

In adjusted analyses (Figure 2), our comparison group was patients in the lowest tertile of

care density. Patients in the highest tertile had significantly lower odds of hospitalizatioin
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(OR 0.87, 95%CI 0.75–1.00, p=0.05) and higher odds of a diabetic eye examination (OR

1.31, 95%CI 1.03–1.66) relative to those with the lowest care density. The total, inpatient,

and outpatient costs of care were significantly lower for patients in the highest tertile (Figure

3). Similarly, compared to the lowest tertile, we found that patients in the middle tertile had

significantly lower rates of hospitalization (OR 0.85, 95%CI 0.74–0.98), higher odds of

having a lipid profile following an angina diagnosis (OR 2.55, 95%CI 1.35–4.80) and eye

examination for diabetes (OR 1.45, 95%CI 1.14–1.84). Patients in the middle tertile had

significantly lower total costs of care. We did not consistently observe a stepwise gradient in

which patients in the highest care density had lower utilization/costs and better quality

metrics than those in the medium group. Patients with less than two providers had a higher

odds of having an emergency department visit and an avoidable outcome and lower odds of

meeting diabetic quality indicators compared to patients in the lowest care density tertile.

Total costs were significantly higher—representing a change from the unadjusted results—

as were inpatient costs; outpatient costs were lower.

Sensitivity analyses are presented in Appendix Tables 2 through 6. In analyses stratified by

cancer type, we observed significantly lower total costs (prostate and colorectal cancer),

inpatient (colorectal cancer), and outpatient costs (across all cancer types) for patients in the

highest care density tertile compared to those in the lowest tertile (Appendix Tables 2 and

3). In analyses in which care density was log transformed, there was a significant association

between care density and lower total, outpatient, and inpatient costs of care (Appendix Table

4). When reclassifying care density to include only PCPs and oncology specialists, we found

a significant, inverse association between being in the highest care density tertile and total

and outpatient costs of care (Appendix Tables 2 and 3). Care density was not significantly

associated with avoidable outcomes or other measures of quality. In models that examined

whether care density calculated in Year 2 predicted outcomes in Year 3 after diagnosis, we

found that high care density continued to be associated with receipt of a diabetic eye exam,

total costs, and outpatient costs (Appendix Tables 2 and 3). Including a covariate for the

number of doctors did not significantly alter our findings (Appendix Tables 5 and 6).

DISCUSSION

Previous studies have found that the type of provider a patient sees is an important

determinant of high quality survivorship care.[4–6, 17–20] The current findings suggest that

the relationships between providers may also matter. Cancer survivors whose outpatient

doctors tended to share more patients with one another—i.e., had higher care densities—had

significantly lower odds of hospitalization, higher odds of a diabetic eye exam, and lower

costs of care compared to survivors whose doctors shared fewer patients with one another.

Though exploratory in nature, the current findings are supported by previous research

demonstrating that doctors who share more patients with one another are more likely to

know, seek advice, and receive referrals from one another.[21] This may reflect increased

ability of these doctors to coordinate care due to formal institutional arrangements such as

working in the same practice or sharing an electronic medical record, or informal

mechanisms such as the ability to call one another. At the patient level, this may indicate

that patients whose doctors share more patients with one another may have an easier time
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coordinating care. Importantly, care density does not capture whether a pair of doctors

actually communicate about a specific patient and care density has not been validated. In

particular, care density should be examined with respect to patient- and doctor-reported

experiences of care.

We found the most consistent results when including all outpatient providers in our care

density calculation. When we limited the doctors to primary care providers and oncologists,

care density remained associated with costs but was not associated with quality outcomes.

Given their importance in cancer survivorship care, we had anticipated stronger findings

with respect to quality when care density was limited to primary care providers and

oncologists. Further research is necessary to determine among which providers patient-

sharing is potentially important and for what specific quality outcomes (e.g. including

endocrinologists when examining diabetes testing).

Patients with low care density tended to have higher costs and some lower quality metrics

compared to patients with medium or high care density. However, contrary to our

expectations, patients in the highest care density did not necessarily have better outcomes

than those in the medium care density group. Given the lack of a stepwise gradient, our

findings should be interpreted cautiously. Because care density was categorized based on the

sample distribution, it is likely that the categories may reflect overlapping levels of

physician patient-sharing and/or patient experiences of care. As noted above, comparing

care density against patient report may provide insight into this finding.

It is possible that care density may be used by health care systems and insurers to help

identify patients at risk for poor coordination. Interventions may facilitate communication

between providers who share relatively few patients and/or direct patients towards providers

who share a large number of patients. In addition, care density may be a tool to help identify

how changes in health care delivery (e.g. through accountable care organizations) influence

the connections among a patient’s providers.

Among patients who did saw less than 2 outpatient providers, we found comparatively lower

odds of attaining quality metrics and higher costs after adjustment. On average, these

patients appear to be falling through the cracks in the outpatient health care system as

indicated by their lower outpatient care costs and lower rates of primary care provider visits.

Given that they were more likely to be black and have state buy-in compared to patients

with visits to 2 different providers, these findings may reflect and contribute to disparities in

cancer survivorship care. Additional work is needed to explore why some patients have less

than 2 providers and among those who saw one provider, whether the specialty of the

provider is associated with costs and quality. Interventions that target this group of patients

to ensure that they are receiving appropriate follow-up may be warranted.

This study has multiple limitations. First, care density is a novel measure of coordination

that has not been validated. Second, we had a small sample size for some quality of care and

avoidable outcome measures that may have limited our ability to see clinically meaningful

associations. Third, we are unable to generalize to younger populations and those in

managed care. Fourth, there is the potential for misclassification bias with claims data in the
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attribution of diseases and/or types of providers who are involved in care. Because we would

not expect the misclassification to be differential between levels of care density, this is less

likely to affect our main results.

In summary, patient-sharing may reflect important aspects of provider relationships that help

enable coordinated care for cancer survivors. Correspondingly, we find that cancer survivors

whose outpatient doctors share more patients with one another tend to have lower rates of

hospitalization and lower costs of care. Further work is needed to explore the properties of

care density as a potential metric of care coordination among cancer survivors and examine

whether care density may be employed to target those at risk of poor coordination.
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Figure 1. Simplified calculation of care density
Doctors are represented by circles (A to C) and patients by different lines styles (solid,

dashed). The patient represented by the solid line saw all three doctors. The weight

(strength) of connections between a pair of doctors is the number of shared patients. Doctor

pair AB is given a weight of 3, pair BC a weight of 2, and pair AC a weight of 1. Care

density for the solid line patient represents the sum of the weights of his/her doctor pairs

(AB + BC + AC=3 + 2 + 1) divided by the number of doctor pairs he/she sees (3). This

yields a care density of 2. In sensitivity analyses, we examine the care density among a

patient’s primary care and oncology specialists. If the primary care and oncology specialists

are shaded gray in the Figure, then the care density for the patient represented by the solid

line would be the weight of AB (3) divided by 1 pair of doctors equaling a care density of 3.
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Figure 2.
Multivariable logistic regression analyses showing the association between care density and

outcomes. The comparison group contains patients in the lowest tertile of care density.

Analyses are adjusted for age, gender, race, SEER site, cancer type, state buy-in, urban/rural

residence, number of visits, PCP visit, and comorbidity.
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Figure 3.
Multivariable regression analyses showing the association between care density and costs.

The comparison group contains patients in the lowest tertile of care density. Analyses are

adjusted for age, gender, race, SEER site, cancer type, state buy-in, urban/rural residence,

number of visits, PCP visit, and comorbidity. Inpatient costs are based on 2-part models.
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Appendix Table 1

Definition of potentially avoidable complications

Among patients with known angina, ≥3 emergency department visits for cardiovascular-related diagnoses in 1 year

Among patients with known cholelithiasis, diagnosis of perforated gallbladder

Among patients with known diabetes, admission for hyperosmolar or ketotic coma

Among patients with known chronic obstructive pulmonary disease, subsequent admission for a respiratory diagnosis

Among patients with known emphysema, subsequent admission for a respiratory diagnosis

Among patients with pneumonia, diagnosis of lung abscess or emphysema

Non-elective admission for congestive heart failure
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Appendix Table 4

Mutlivariable regression analyses* showing the association between care density and outcomes. Care density

is constructed using all primary care, oncology specialists, and other providers during Days 366 to 1095 and

log transformed. Patients for whom care density could not be calculated (<2 providers) are excluded.

OR (95% CI)

Hospitalization

care density 0.89 (0.76, 1.05)

ED visit

care density 0.99 (0.85, 1.14)

Avoidable outcome

care density 0.98 (0.76, 1.25)

Lipid profile, angina

care density 1.20 (0.65, 2.22)

Eye examination, diabetes

care density 1.19 (0.92, 1.55)

Glycosylated hemoglobin or fructosamine testing, diabetes

care density 1.01 (0.75, 1.36)

Beta coeff.** (95% CI)

Total costs

care density −371 (−614, −128)

Inpatient costs^

care density −255 (−400, −110)

Outpatient costs

care density −98 (−141, −56)

*
Analyses are adjusted for age, gender, race, SEER site, cancer type, state buy-in, urban/rural residence, total number of visits, visit with PCP, and

Charlson comorbidity index

**
indicates predicted costs in dollars from moving from the 40th percential of care density to the 60th percentile

^
Two part models with recycled predictions and bootstrapping to estimate confidence intervals

bold = significant at p<0.05
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Appendix Table 5

Multivariable regression analyses* showing the association between care density and outcomes; models do not

and do include the number of doctors visits as a covariate. Care density is constructed using all primary care,

oncology specialists, and other providers during Days 366 to 1095.

Base Model Including total number of doctors as covariate

OR (95% CI) OR (95% CI)

Hospitalization

<2 providers 1.11 (0.89 – 1.38) 1.02 (0.81 – 1.29)

Low care density 1.00 1.00

Middle care density 0.85 (0.74 – 0.98) 0.88 (0.76 – 1.02)

High care density 0.87 (0.75 – 1.00) 0.87 (0.76 – 1.01)

ED visit

<2 providers 1.37 (1.12 – 1.67) 1.24 (1.00 – 1.53)

Low care density 1.00 1.00

Middle care density 0.90 (0.79 – 1.03) 0.94 (0.82 – 1.07)

High care density 0.94 (0.82 – 1.07) 0.94 (0.83 – 1.08)

Avoidable outcome

<2 providers 1.67 (1.22 – 2.29) 1.62 (1.17 – 2.26)

Low care density 1.00 1.00

Middle care density 0.88 (0.70 – 1.11) 0.89 (0.70 – 1.13)

High care density 0.95 (0.75 – 1.19) 0.95 (0.76 – 1.20)

Lipid profile, angina

<2 providers 0.76 (0.33 – 1.74) 1.05 (0.43 – 2.54)

Low care density 1.00 1.00

Middle care density 2.55 (1.35 – 4.80) 2.24 (1.17 – 4.27)

High care density 1.58 (0.91 – 2.73) 1.49 (0.86 – 2.61)

Eye examination, diabetes

<2 providers 0.39 (0.26 – 0.59) 0.50 (0.32 – 0.77)

Low care density 1.00 1.00

Middle care density 1.45 (1.14 – 1.84) 1.33 (1.04 – 1.69)

High care density 1.31 (1.03 – 1.66) 1.28 (1.01 – 1.63)

Glycosylated hemoglobin or fructosamine testing, diabetes

<2 providers 0.45 (0.27 – 0.76) 0.39 (0.23 – 0.68)

Low care density 1.00 1.00

Middle care density 0.99 (0.75 – 1.31) 1.04 (0.78 – 1.38)

High care density 1.12 (0.85 – 1.48) 1.14 (0.86 – 1.50)

*
Analyses are adjusted for age, gender (except breast/prostate models), race, SEER site, cancer type, state buy-in, urban/rural residence, total

number of visits, visit with PCP, and Charlson comorbidity index
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Appendix Table 6

Multivariable regression analyses* showing the association between care density and outcomes; models do not

and do include the number of doctors visits as a covariate. Care density is constructed using all primary care,

oncology specialists, and other providers during Days 366 to 1095.

Base model Including total number of doctors as covariate

beta-coefficient (95% CI) beta-coefficient (95% CI)

Total costs

<2 providers 2888 (1499 – 4277) 1938 (498 – 3379)

Low care density 0 0

Middle care density −1742 (−2742 – −741) −1292 (−2308 – −277)

High care density −2116 (−3107 – −1125) −2006 (−2997 – −1015)

Inpatient costs^

<2 providers 1236 (101 – 2371) 773 (−300 – 1847)

Low care density 0 0

Middle care density −419 (−936 – 99) −277 (−813 – 258)

High care density −666 (−1138 – −1957) −609 (−1079 – −139)

Outpatient costs

<2 providers −339 (−579 – −99) 139 (−108 – 385)

Low care density 0 0

Middle care density 119 (−54 – 291) −108 (−281 – 66)

High care density −465 (−636 – −294) −520 (−690 – −351)

*
Analyses are adjusted for age, gender (except breast/prostate models), race, SEER site, cancer type, state buy-in, urban/rural residence, total

number of visits, visit with PCP, and Charlson comorbidity index

^
Two part models with recycled predictions and bootstrapping to estimate confidence intervals

bold = significant at p<0.05
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