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Abstract
Purpose Regular primary care may be important to prevent ambulatory care-sensitive hospitalizations among older indi-
viduals living with breast cancer. The current study aimed to examine the relationship between preventable hospitalizations 
and primary care among Medicare beneficiaries diagnosed with breast cancer.
Methods We used SEER-Medicare to identify 61,673 patients with incident stage 0-III breast cancer diagnosed between 
January 1, 2008, and December 31, 2015. Potentially preventable hospitalizations, defined using the Agency for Healthcare 
Research and Quality, were captured from diagnosis until death, second malignancy, or December 31, 2016. Primary care 
and non-oncology specialist visits were identified by distinct utilization groups (low utilizers vs. high utilizers). Incidence 
rate ratios [IRR]) were estimated for preventable hospitalizations. Multivariable Cox regression models estimated the asso-
ciation of primary care with 5-year overall survival.
Results Median age at diagnosis was 74 years (range 66–101), median follow-up was 46 months (12–60), and 5-year survival 
was 82%. Over half of patients (59%) received primary care ≥ 1 time per year, and 7.8% had no primary care. Among low 
utilizers, no primary care was associated with a 55% increase in the rate of preventable hospitalizations (p < 0.001). Primary 
care was not associated with preventable hospitalizations among high utilizers. Factors associated with hospitalization for 
both high and low utilizers included higher stage at diagnosis, older age, and having a preventable hospitalization prior 
to cancer. Not receiving any primary care was associated with higher risk of 5-year mortality for low utilizers (HR 1.66, 
p < 0.001; HR 1.46, p < 0.001).
Conclusions Among the group with less utilization, not engaging annually with a primary care provider was associated with 
a significantly increased rate of preventable hospitalizations.
Implications for Cancer Survivors Consistent engagement with primary care may provide an opportunity for care coordina-
tion and management and should be considered critical in the context of long-term survivorship.
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Introduction

Five-year mortality rates for older (≥ 65 years) women 
with breast cancer have declined from 99.5 per 100,000 in 
2010 to 91.2 per 100,000 in 2017 [1]. Declining mortality 
rates, coupled with the high incidence among those over 
the age of 65 (427.8 per 100,000), has resulted in a grow-
ing population of breast cancer survivors. As of January 
2017, there were over 2.2 million older individuals liv-
ing with a history breast cancer [1]. This population will 
continue to live years beyond their cancer diagnosis and 
will have healthcare needs associated with aging [2, 3] as 
well as those due to breast cancer or its treatment [4–6]. 
Recent data suggest accelerated aging in cancer survivors, 
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underscoring the need for management of co-occurring 
chronic conditions in the post-treatment phase of cancer 
care [7, 8].

After cancer diagnosis, there is often a shift towards 
oncology-focused and cancer surveillance-focused care. 
Survivors of breast cancer may be followed simultaneously 
by medical oncologists, other cancer specialists, and pri-
mary care providers (PCPs) [9], to ensure comprehensive 
care [10]. Whether or not the survivor is cared for primar-
ily by the PCP or by the oncology provider may be attrib-
utable to stage of disease, ongoing cancer treatment, or 
comorbidities [11]. PCPs may be better positioned to con-
duct surveillance for and manage non-oncologic chronic 
health conditions (e.g., diabetes, hypertension)[12]. Fur-
ther, breast cancer survivors followed by a PCP are more 
likely to receive preventive care [9]. Regular primary care 
is supported by the Center for Medicare and Medicaid 
Services (CMS) and Center for Disease Control and Pre-
vention[13] and is recognized as being instrumental for 
meeting the recommendations of the US Preventive Ser-
vices Task Force [14]. These visits offer the opportunity 
for a comprehensive review of current conditions, medical 
history, medication use, and any additional intervention 
needs [15].

There is emerging evidence that not receiving primary 
care may increase the risk for preventable hospitalizations 
[16]. The concept of potentially preventable or ambula-
tory care sensitive hospitalizations in older adults has been 
widely studied by the Agency for Health Care Research 
and Quality (AHRQ) [17]. The few studies that have exam-
ined hospitalizations among cancer patients have focused 
on cancer treatment-related hospitalizations (e.g., chemo-
therapy toxicity) [16, 18]. A 2008 study [16] of Medicare 
beneficiaries diagnosed with breast cancer between 1992 
and 1999 demonstrated that 13.3% had an ambulatory 
care-sensitive hospitalization after cancer diagnosis over 
an average follow-up of 47 months (range 0–96).

The qualifying diagnoses for “ambulatory care sensi-
tive hospitalizations” have changed since this 2008 study; 
there are no studies in cancer patients using the current 
AHRQ definitions. Further, there is limited information 
regarding the impact of primary care on such hospitali-
zations; such information could inform survivorship care 
recommendations for older patients with breast cancer. 
Additionally, identifying high-risk populations that may 
be less likely to receive primary care and/or more likely 
to experience preventable hospitalizations could guide tar-
geted interventions to improve access to and/or the use of 
primary care. This study proposes to examine ambulatory 
care-sensitive hospitalizations among Medicare benefi-
ciaries diagnosed with breast cancer and to determine the 
association between primary care visits and rates of such 
hospitalizations.

Methods

Data source

For the current study, Surveillance, Epidemiology, and End 
Results (SEER) data were linked to Medicare administrative 
claims data, providing billing information for diagnosis codes 
from inpatient, outpatient, and non-institutional settings [19]. 
The SEER data are comprised of geographically diverse can-
cer registries designed to represent US cancer incidence and 
mortality. The Institutional Review Board of the University of 
Alabama at Birmingham deemed this study exempt.

Population

We included females with incident stage 0–III breast cancer 
diagnosed between January 1, 2008, and December 31, 2015, 
at 66 years of age or older and enrolled in Medicare. We cap-
tured Medicare claims 1 year prior to diagnosis (to capture 
pre-existing comorbidities and pre-cancer preventable hospi-
talizations) and up to the date of second malignancy, death, or 
December 31, 2016 (study end date), whichever occurred first.

There were 309,666 breast cancer patients diagnosed 
between 2008 and 2015. We excluded (1) those with a his-
tory of previous cancer or those where breast cancer was not 
listed as the primary diagnosis (n = 27,192), (2) those diag-
nosed before the age of 66 (n = 115,312), (3) those diagnosed 
at death or autopsy (n = 1467), and (4) males with breast 
cancer (n = 1482). Among the remaining 164,213 patients, 
we excluded those who did not have Medicare enrollment 
data after 1999 (n = 12,021), those who did not have Part 
A/B coverage or were covered by an HMO during follow-up 
(n = 28,099), and those patients who did not have one year of 
continuous coverage prior to diagnosis (n = 38,286). Among 
the remaining 78,046, we excluded those patients with com-
pletely missing SEER information (n = 12,021). We further 
excluded patients with no evidence of treatment in the claims 
data (n = 2657) and those with Stage IV or unknown stage dis-
ease (n = 1874). Additionally, we excluded patents where the 
follow-up was < 12 months (n = 14,650). Finally, we excluded 
patients likely residing in a nursing home identified through 
the Minimum Data Set file [20] (n = 17,064). The final ana-
lytic sample includes 61,673 patients (Supplementary Fig. 1). 
Supplementary Table 1 describes the differences between the 
analytic sample and those excluded from the SEER population.

Primary care

We identified evaluation and management (E&M) visits con-
ducted by primary care providers in outpatient and office set-
tings [21] each year after diagnosis until diagnosis of recur-
rence/second malignancy, death, loss of coverage, or end of 
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study (December 31, 2016). Healthcare Common Procedure 
Coding System (HCPCS) codes used to identify the visits 
included 99,201–99,205, 99,211–99,215 [21]. Physician 
specialty was defined using the Medicare-provided specialty 
codes. Primary care includes family medicine, general inter-
nal medicine, geriatric medicine, obstetrics-gynecology, and 
physicians in multispecialty group practices. We created a 
four-category variable to describe a patient’s regular use of 
primary care based on the number of years of follow-up 
for each patient and whether or not the individual had PCP 
E&M office visit: no PCP (0%), visits on up to half the years 
of follow-up (1–50%), visits on more than half of the years 
of follow-up, but not all years (51–99%), visits every year 
of follow-up (100%).

Non‑oncology specialist care and oncology care

To characterize the overall utilization of each patient, the 
same evaluation and management (E&M) codes in outpa-
tient and office visits setting were identified for non-oncol-
ogy specialists and oncology specialists. Oncology special-
ists included hematology, hematology/oncology, medical 
oncology, surgical oncology, and radiation oncology. Non-
oncology specialists included all specialists not categorized 
as oncology or primary care (e.g., gastroenterology, neurol-
ogy, etc.).

Utilization groups

For all three provider groups, we examined the total num-
ber of visits and generated a visits/per year variable (PCP 
E&M, oncology E&M, and non-oncology specialist E&M). 
Examining the rate of visits per year revealed a very dis-
tinct pattern of low utilizers and high utilizers within the 
population. Low utilizers had a rate of visits at or below 
the 75th percentile for both PCP (≤ 4.8 visits per year) and 
non-oncology specialist visits (≤ 7.3 visits per year). High 
utilizers included those with greater than the 75th percentile 
of visits for PCP (> 4.8 visits per year) or non-oncology 
specialists (> 7.3 visits per year). The rate of oncology visits 
did not vary between the high and low utilizers.

Potentially preventable hospitalizations

The primary outcome was hospitalizations for ambula-
tory care-sensitive conditions and considered potentially 
preventable [17]. We identified these potentially prevent-
able hospitalizations using the Prevention Quality Indica-
tors, defined by AHRQ [17]. We included hospitalizations 
secondary to chronic conditions (e.g., diabetes [short-term 
complication, long-term complications, uncontrolled dia-
betes, lower extremity amputation secondary to diabetes], 
chronic obstructive pulmonary disease [COPD], asthma, 

hypertension, and congestive heart failure), and those 
attributable to an acute condition (urinary tract infection 
[UTI], community-acquired pneumonia). Total preventable 
hospitalizations were counted from breast cancer diagnosis 
to recurrence/second malignancy, death, 5 years, or end of 
study (December 31, 2016).

Covariates

Based on their age at breast cancer diagnosis, we placed 
patients into the following categories: 66–70  years, 
71–75 years, 76–80 years, and > 80 years. Stage at diagno-
sis was determined using the 6th American Joint Commit-
tee on Cancer staging. Race/ethnicity was categorized as 
non-Hispanic white (NHW), non-Hispanic Black (NHB), 
Hispanic, and Asian American/Pacific Islander (AA/PI). We 
measured pre-existing comorbidity using Elixhauser Comor-
bidity Index [22] in the 12 months prior to breast cancer 
diagnosis. Chemotherapy, hormone therapy, and radiation 
details were drawn from outpatient claims, physician carrier 
claims, inpatient claims, durable medical equipment Medi-
care claims, and from Part D data. Patients were classified 
as having received chemotherapy (yes/no), hormone therapy 
(yes/no), and radiation (yes/no). Surgical interventions were 
identified from inpatient claims and SEER file, and patients 
were classified as having received local excision, partial 
mastectomy, or total mastectomy. We included a covari-
ate for “total other hospitalizations” (total hospitalizations 
minus preventable hospitalizations) to our model to control 
for overall health care utilization.

Geographic region at diagnosis was defined using the 
reporting SEER registry (Northeast, South, Midwest, West). 
Rural vs. urban residence was defined using the Rural/Urban 
Continuum Codes [23]. Using census-tract information from 
the US Census Bureau, area-level low-income status and 
area-level low education status variables were defined as 
below median income and above the median proportion of 
the population with less than high school education.

Statistical analysis

We examined the relative rate of preventable hospitaliza-
tions after cancer diagnosis per person-time. The primary 
exposure was the variable indicating the percent of years 
receiving primary care (0, 1 to 50%, 51–99%, 100%). The 
interaction between receipt of primary care (0, 1–50, 51–99, 
100%) and level of utilization (low-utilizers, high-utilizers) 
suggested a need to examine the association between PCP 
care and preventable hospitalizations separately within each 
of the utilization groups. All models were adjusted for race/
ethnicity, marital status, urban/rural designation at diagno-
sis, Elixhauser comorbidity index, age at breast cancer diag-
nosis, stage at diagnosis, treatment received (surgery type, 
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chemotherapy, hormone therapy, radiation), prior preventa-
ble hospitalizations, total other hospitalizations, region, rate 
of non-oncology specialist use, and census tract education 
and income. Multivariable zero-inflated negative binomial 
models with an offset of the log of patient time (months) 
were used to estimate the incident rate ratios for preventable 
hospitalizations.

Kaplan–Meier method was used to estimate 5-year sur-
vival by PCP care. The association between PCP care, and 
all-cause mortality was examined using multivariable Cox 
regression models. Covariates included those listed above.

We excluded patients with missing data that was needed 
to assess outcomes. We required continuous Medicare Part 
A and Part B enrollment prior to diagnosis, censored at loss 
to follow-up in claims, and excluded patients with key miss-
ing SEER data (age at diagnosis, stage, year at diagnosis); 
therefore we assumed that if patients did not have claims in 
the database after these exclusionary criteria, they did not 
utilize the services. We used SAS V9.4 for all analyses.

Results

Median age at breast cancer diagnosis was 74  years 
(range 66–101), and median follow-up was 46  months 
(12–60 months) (Table 1). Approximately 82% of the cohort 
was non-Hispanic white; 49% of the patients were diagnosed 
with Stage I disease; 70% were treated with local excision, 
46% received radiation, 23% received chemotherapy, and 
42% received hormone therapy. Overall, 21% had a pre-
cancer diagnosis Elixhauser comorbidity index score of ≥ 2. 
Only 1.4% of the cohort had a preventable hospitalization in 
the year prior to breast cancer diagnosis.

Fifty-nine percent of the cohort received regular pri-
mary care (at least once per year of follow-up), while 7.8% 
had no visits to primary care. Compared with those with 
any primary care, those with no primary care were older 
(> 80 years), diagnosed with stage III disease, lived in rural 
and lower education areas, and had a lower burden of pre-
existing comorbidity. All demographic characteristics by the 
regular primary care use variable are summarized in Table 1.

Figure 1 displays the distribution of utilization over-
all and provides rates by low and high utilization groups. 
The median number visits per year of follow-up by type of 
visits was as follows: PCP = 3 (range, 0–78; IQR 1.4–4.8), 
oncology = 2.5 (range, 0–70; IQR 1.2–4), and non-oncology 
specialist = 4.4 (range, 0–107; IQR 2.4–7.3). Supplemental 
Tables 2 and 3 describe characteristics associated with group 
membership. High users were diagnosed at an older age (39 
vs. 33% diagnosed at 76 years of age or older, p < 0.001), 
more likely to be urban (13.1 vs 9.6%, p < 0.001), and more 
likely to have 1 more comorbidity (62 vs. 21.8%, p < 0.001).

Preventable hospitalizations

Approximately 7% of the sample had a preventable hospi-
talization during their follow-up time. In year one, 2.1% of 
patients had preventable hospitalization, 2% in year two, 
2.2% in year three and year four, and 2.3% in year five. 
Among low utilizers, multivariable-adjusted models dem-
onstrated that having no primary care (0%) was associated 
with a 55% increased rate of preventable hospitalization 
(IRR = 1.55, 95%CI 1.29–1.85) (Table 2), when compared 
with those who had a primary care visit at least once a year. 
Other factors with significant differences among the low 
utilizers included having a prior preventable hospitaliza-
tion (IRR 4.6, p < 0.001), Stage III at diagnosis (IRR 3.22, 
p < 0.001), and > 80 years at diagnosis (IRR 2.92, p < 0.00). 
There was no association between receiving less regular 
primary care and preventable hospitalizations among those 
classified as high utilizers. The most frequent prevent-
able hospitalizations were pneumonia (26% of all prevent-
able hospitalizations) and heart failure (26%), followed by 
COPD/asthma (23%). Supplementary Table 4 provides the 
rate of hospitalizations for each individual diagnosis by the 
regular use of primary care.

Overall survival

The overall unadjusted 5-year survival was 82% (Stage 
0: 87%, Stage I: 86%, Stage II: 77%, Stage III: 60%, 
p < 0.0001). For each stage, there was a survival advantage 
for those who received 100% regular primary care vs. no 
primary care (Stage 0: 86% vs. 80%, Stage I: 84 vs. 81%, 
p < 0.001; Stage II 75 vs. 68%, p < 0.001; Stage III: 57 vs. 
37%, p < 0.001). Multivariable analysis (Table  3) dem-
onstrated that among the low utilizers and high utilizers, 
those with 0% primary care had a significantly increased 
hazard of death (HR = 1.61, 95% 1.46–1.78; HR = 1.45 95% 
CI1.23–1.71, respectively), when compared with those with 
100% primary care. Conversely, among both utilization 
groups, those with 51–99% primary care had a decreased 
hazard of death (HR = 0.66 95% CI 0.61–0.72, HR = 0.57, 
95% CI 0.51–0.64).

Discussion

Among the approximately 61,000 Medicare beneficiaries 
with breast cancer, approximately 7% experienced at least 
one AHRQ-defined preventable hospitalization after their 
cancer diagnosis. Fifty-nine percent of the received primary 
care at least once every year of follow-up. Distinct groups of 
users of primary care and non-oncology specialist care were 
identified, with large outliers of very high utilization of both 
primary care and non-oncology specialist care. Importantly, 
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those who were in the lowest overall utilization group were 
those that were most at risk for preventable hospitalizations 
(55% increased rate). There was no association with very 
high utilizers, a group who may already be plugged into 
the healthcare system. This underscores the importance of 
regular primary care, especially for those that may not have 
an extensive history of needs. Among both groups, there 
was an increased risk of mortality if they did not receive 
any primary care.

The 2008 study by Schootman et  al. [16] found that 
among 47,634 older Medicare beneficiaries diagnosed with 
breast cancer, 13.3% experienced an AHRQ-defined poten-
tially preventable hospitalization, higher than the rate of 7% 
reported in the current study. However, the Schootman study 
included conditions that have since been removed from the 
AHRQ list of potentially preventable hospitalizations, such 
as dehydration, convulsions, gastroenteritis, cellulitis, and 
ear/nose/throat infection [16]. Schootman et al. also reported 
that office visits to primary care physicians (defined by spe-
cialty [e.g., internal medicine, family practitioner]) were 
associated with a reduced risk of preventable hospitaliza-
tions [16]. Another prior study using the Medicare Current 
Beneficiary Study (MCBS) found that older age, Black race, 
having less than a college education, and living in a rural 
county increased the odds of preventable hospitalizations 
[24]. Our study found similar factors to be statistically sig-
nificant for low utilizers, but with incident rate ratios indicat-
ing limited clinical significance given the large sample size.

Previous studies examining preventable hospitalizations 
have either focused on non-cancer populations or, for stud-
ies in cancer populations, have focused on hospitalizations 
related to treatment toxicity [16, 25–29]. Estimates of pre-
ventable hospitalizations for unplanned acute care events 
during treatment range from 19 to 50% [18, 25, 27]. In 
the MCBS study [24], pneumonia accounted for the larg-
est proportion of preventable hospitalizations, accounting 
for 19% of visits. In our study pneumonia and heart fail-
ure accounted for the largest proportion, accounting for 
26% each. The risk estimates presented in this study are 
adjusted for the presence of prior disease, via the Elixhauser 
comorbidity index. Preventing avoidable admissions such as 
these requires aggressive and proactive symptom manage-
ment through quality outpatient care or assisting patients in 
self-management.

We identified a significant increased hazard of 5-year 
mortality for those with no visits to primary care for inter-
mediate and low utilizers. We did not observe this trend in 
high utilizers, even with decreasing regular use of primary 
care (1–50% or 51–99%). In fact, we observed counterintui-
tive findings across the two groups for those with primary 
care in over 50% of their years of follow-up, but not all years. 
This group demonstrated a decreased risk of mortality. It is 
possible that this is due to increased use of non-oncology Ta
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and oncology specialists; the median number of visits per 
year was higher for these visits compared with those with 
no primary care. Findings of prior studies of patients with 
chronic lymphocytic leukemia, pancreatic cancer, and gas-
troesophageal cancer demonstrated a non-significant asso-
ciation of primary care follow-up with mortality, although 
studies trended in the direction of a protective effect [30–32].

It is important to contextualize the time frame of the data 
reported in this study (2008–2016), specifically in the con-
text of survivorship guidelines and care plans. The 2006 
Institute of Medicine (IOM) report on cancer survivorship 
was a landmark report highlighting quality health care for 
cancer survivors and identifying strategies to achieve it. 
Subsequently, major organizations began implementing 
guideline and recommendations for the delivery of quality 
survivorship care [33–36]. In 10 years after the IOM report 
through this study’s time period, several recommendations 
have remained consistent. Importantly, there has been a con-
tinued emphasis on primary care to engage in the care of 
patients with cancer [11, 37]. Handley and colleagues [38] 
suggested access to care and care coordination [29, 39] as 
ways to reduce unplanned acute events in the post-treatment 
survivorship phase. Suggestions for interventions included 
patient navigation, symptom monitoring, and nursing coor-
dination to improve both access and care coordination.

Additionally, the research on survivorship care over the 
15 years has suggested that a risk-based model of care may 
provide more appropriate and more efficient care to patients 
[37, 38, 40]. This approach was initially seen in cancer sur-
vivorship clinics but is now also included in other models of 
survivorship care. The risk-based approach facilitates deter-
mining the type (e.g., oncology, primary care) and frequency 

of care needed for each patient. The current study provides 
evidence for future studies that could employ risk-factor 
monitoring and predictive analytic methods to identify high-
risk subpopulations who would most benefit from a targeted 
intervention to facilitate receiving primary care. Risk models 
should consider social, economic, and service environment 
(access) factors when determining groups who would benefit 
from close monitoring or additional support via navigation 
to primary care, for example.

There are several changes that occurred at the end of the 
study period that should be considered when interpreting 
the rates of primary care and preventable hospitalizations in 
the study period compared to the current era (2017–2021). 
The Commission on Cancer has established requirements 
on delivery of survivorship care for hospital-based cancer 
programs to receive accreditation since 2015. Currently, 
hospital-based cancer programs need to deliver survivorship 
care plans in the setting of a structured survivorship program 
[41]. Patients diagnosed in the last 5y could potentially have 
greater access and/or more structured follow-up increasing 
the likelihood of greater adherence to primary care as part 
of the survivorship care. Second, changes involving value-
based care models such as the Center for Medicare and 
Medicaid Services Oncology Care model may increase the 
likelihood of receiving care, as one of the required elements 
to receive payment for the episode of care is to provide sur-
vivorship care planning [42, 43]. Finally, the expanded use 
of electronic medical records to create survivorship care 
plans should theoretically increase the ease with which 
plans are developed and shared with patients’ other provider, 
particularly primary care—although its impact is not fully 
understood [44, 45]. This study does not fully explore the 

Fig. 1  Rates of physician outpa-
tient and office evaluation and 
management visits per patient 
per year
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impact of shared care between primary care and oncologists. 
Future studies will need to examine the potential differential 

effect of shared care between primary care, non-oncology 
specialists, and oncologists.

Table 2  Multivariable zero-
inflated negative binomial 
model offset for person-time 
estimating factors associated 
with avoidable hospitalizations

* Low utilizer: Both primary care and non-oncology specialist visits did not exceed the 75th percentile 
for number of visits per year (4.8 and 7.3); High utilizer Primary care or non-oncology specialist visits 
exceeded the 75th percentile for number of visits per year

Variable Low Utilizers High Utilizer

IRR 95% CI p value IRR 95% CI P value

Annual primary care use % (ref = 100%)
   > 50–99% 0.95 0.83, 1.10 0.503 0.84 0.73, 0.96 0.011

  1–50% 1.18 1.00, 1.39 0.046 0.82 0.67, 0.99 0.043
  0% 1.55 1.29, 1.85  < .001 0.87 0.67, 1.14 0.307

Age at diagnosis (ref = 66–70)
  71–75 1.18 1.01, 1.38 0.036 1.24 1.10, 1.40  < .001
  76–80 1.67 1.41, 1.97  < .001 1.47 1.29, 1.68  < .001
   > 80 2.92 2.48, 3.44  < .001 2.03 1.77, 2.32  < .001

Race/ethnicity (ref = non-Hispanic white)
  Non-Hispanic Black 1.49 1.23, 1.81  < .001 1.27 1.08, 1.49 0.003
  Hispanic 1.37 1.06, 1.77 0.017 1.24 1.01, 1.51 0.039
  Asian/other/unknown/missing 1.09 0.81, 1.47 0.553 1.01 0.81, 1.27 0.909

Marital status (ref = not married)
  Married 1.34 1.19, 1.51  < .001 1.32 1.21, 1.46  < .001

Stage at diagnosis (ref = stage 0)
  Stage I 1.27 1.06, 1.51 0.008 1.14 0.99, 1.30 0.064
  Stage II 1.78 1.47, 2.16  < .001 1.69 1.45, 1.97  < .001
  Stage III 3.22 2.49, 4.17  < .001 2.61 2.11, 3.24  < .001

Type of surgery received (ref = local excision)
  Partial/total mastectomy 2.1 1.01, 4.37 0.047 1.1 0.98, 1.24 0.092

Chemotherapy
  Yes 1.04 0.89, 1.21 0.641 1.01 0.90, 1.13 0.932

Hormone therapy
  Yes 0.95 0.84, 1.06 0.363 0.85 0.77, 0.93  < .001

Radiation (ref = no)
  Yes 0.63 0.55, 0.72  < .001 0.75 0.68, 0.84  < .001

Elixhauser Comorbidity Index (ref = 0)
  1 1.26 0.87, 1.83 0.217 0.77 0.60, 1.00 0.049
  2 + Prior condition 1.35 1.04, 1.76 0.024 0.84 0.70, 1.01 0.068

Urban/rural residence (ref = urban)
  Rural 1.24 1.05, 1.46 0.009 1.44 1.24, 1.67  < .001

Census-tract income
  Lower income 1.37 1.18, 1.58  < .001 1.4 1.25, 1.57  < .001

Census-tract education
  Lower education 1.07 0.94, 1.22 0.289 1.1 0.99, 1.22 0.071
  Prior preventable hospitalization (count) 4.6 3.48, 6.07  < .001 3.26 2.74, 3.89  < .001
  Total other hospitalizations post-cancer diagnosis 1.26 1.20, 1.32  < .001 1 0.97, 1.03 0.775
  Non-oncology specialist visit rate/year 1.06 1.03, 1.09  < .001 1.05 1.04, 1.06  < .001

Region (ref = Northeast)
  South 1.42 1.17, 1.71  < .001 1.51 1.30, 1.75  < .001
  Midwest 1.35 1.09, 1.68 0.007 1.71 1.42, 2.05  < .001
  West 0.84 0.71, 1.00 0.056 0.94 0.82, 1.08 0.379
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Table 3  Multivariable Cox 
regression model estimating 
hazard ratios and 95% 
confidence interval for all-
cause5-year mortality

* Low utilizer: Both primary care and non-oncology specialist visits did not exceed the 75th percentile 
for number of visits per year (4.8 and 7.3); High utilizer Primary care or non-oncology specialist visits 
exceeded the 75th percentile for number of visits per year

Low utilizers High utilizers

HR 95% CI p value HR 95% CI p value

Annual primary care use % (ref = 100%)
  51– 99% 0.66 0.61, 0.72  < .001 0.57 0.51, 0.64  < .001
  1–50% 1.15 1.05, 1.27 0.003 0.91 0.79, 1.05 0.212
  0% 1.61 1.46, 1.78  < .001 1.45 1.23, 1.71  < .001

Age at diagnosis (ref = 66–70)
  71–75 1.29 1.17, 1.42  < .001 1.14 1.04, 1.26 0.006
  76–80 1.71 1.55, 1.89  < .001 1.48 1.34, 1.63  < .001
   > 80 3.05 2.78, 3.36  < .001 2.57 2.34, 2.82  < .001

Race/ethnicity (ref = non-Hispanic white)
  Non-Hispanic Black 1.08 0.96, 1.22 0.176 1.06 0.95, 1.20 0.3
  Hispanic 1.07 0.92, 1.24 0.387 1.01 0.87, 1.17 0.885
  Asian/other/unknown/missing 0.88 0.74, 1.04 0.129 0.96 0.81, 1.13 0.585

Marital status (ref = not married)
  Married 1.23 1.14, 1.31  < .001 1.15 1.08, 1.23  < .001

Stage at diagnosis (ref = stage 0)
  Stage I 1.15 1.03, 1.27 0.012 1.08 0.98, 1.20 0.131
  Stage II 1.66 1.48, 1.86  < .001 1.6 1.43, 1.78  < .001
  Stage III 3.34 2.91, 3.84  < .001 2.95 2.57, 3.39  < .001

Type of surgery received (ref = local excision)
  Partial/total mastectomy 1.7 1.10, 2.62 0.017 0.87 0.80, 0.94  < .001

Chemotherapy
  Yes 0.88 0.80, 0.96 0.004 0.96 0.88, 1.04 0.314

Hormone therapy
  Yes 0.76 0.71, 0.82  < .001 0.82 0.77, 0.88  < .001

Radiation (ref = no)
  Yes 0.73 0.68, 0.79  < .001 0.81 0.75, 0.87  < .001

Elixhauser Comorbidity Index (ref = 0)
  1 0.87 0.79, 0.95 0.002 1.03 0.94, 1.13 0.47
  2 + Prior condition 1.16 1.07, 1.26  < .001 1.17 1.09, 1.26  < .001

Census-tract income
  Lower income 1.09 1.01, 1.18 0.037 1.11 1.03, 1.20 0.008

Census-tract education
  Lower education 0.96 0.89, 1.04 0.303 0.99 0.92, 1.06 0.694

Urban/rural residence (ref = urban)
  Rural 0.84 0.76, 0.93  < .001 1.04 0.94, 1.16 0.434

Preventable hospitalizations
  Post cancer diagnosis 1.39 1.33, 1.46  < .001 1.34 1.31, 1.38  < .001
  Pre-cancer diagnosis 1.21 1.06, 1.38 0.005 1.15 1.03, 1.29 0.016

Other hospitalizations post-cancer diagnosis 1.43 1.40, 1.46  < .001 1.33 1.31, 1.36  < .001
Non-oncology specialist visit rate/year 0.96 0.95, 0.98  < .001 1.01 1.01, 1.02  < .001
Region (ref = Northeast)

  South 1.2 1.07, 1.34 0.001 1.47 1.32, 1.63  < .001
  Midwest 1.03 0.91, 1.18 0.621 1.3 1.14, 1.49  < .001
  West 1.08 0.98, 1.19 0.141 1.29 1.17, 1.42  < .001
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Finding from the current study should be interpreted 
in the context of limitations. Administrative data retains 
strengths of a population-based approach but is designed 
for billing purposes. To mitigate this misclassification of 
hospitalization type, we used validated algorithms from 
AHRQ to identify preventable hospitalizations [17]. 
The classification of conditions as potentially prevent-
able (ambulatory care sensitive) has changed over time, 
making it difficult to make comparisons between studies. 
Further, despite limitations in identifying recurrence or 
second malignancies in SEER-Medicare, we used previ-
ously recommended methods to identify these events [46]. 
This study does not include patients enrolled in Medicare 
Advantage, a group that may demonstrate different utiliza-
tion patterns than Fee-for-service. In order to adequately 
assess prior comorbidities, we had to restrict our popula-
tion to those with at least 12 months of continuous health-
care coverage prior to diagnosis. Compared with the final 
analytic sample, the population that was excluded due to 
loss of coverage had an over-representation of minorities 
and those who were younger at diagnosis and those diag-
nosed with stages II and III. We likely underestimate hor-
mone therapy use, identifying 42% of the sample receiv-
ing hormone therapy, a low rate relative to the number 
of patients in this sample with a positive hormone recep-
tor status (68%). This is likely due to the lack of Part D 
coverage; 30% of the total sample did not have coverage 
and 35% of those with hormone receptor positive status 
did not have complete Part D coverage. We likely under-
estimate the protective of hormone therapy on mortality. 
We also restrict our population to a community dwelling 
population; nursing home populations likely have very dif-
ferent patterns of use. Additionally, our results apply to 
older adults with early breast cancer; future studies should 
examine the differences in primary care adherence and 
preventable hospitalizations in other cancer types. Finally, 
it is possible that not all relevant confounders were cap-
tured in these analyses.

Primary care provides an opportunity for care coordi-
nation and management among older adults with cancer, 
a much needed partnership when patients are receiving 
care from an oncologist. We demonstrate that while there 
are distinct patterns of utilization among breast cancer 
patients, those engaging the least were most negatively 
affected by not receiving annual primary care. Conversely, 
among those already engaging at the highest level in 
health care, regular primary care does not decrease the 
risk of preventable hospitalizations. Regardless of utili-
zation, clinical characteristics (higher stage at diagnosis) 
and sociodemographic characteristics (minorities, rural, 
low-income areas, living in the south or midwest) trend 
towards increased risk of preventable hospitalizations. 
To use primary care as a method of reducing preventable 

hospitalizations, there must be adequate access and sup-
port for all patient groups to receive such care.
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