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Abstract
Purpose  Increasingly epidemiological cohorts are being linked to claims data to provide rich data for healthcare research. 
These cohorts tend to be different than the general United States (US) population. We will analyze healthcare utilization of 
Nurses’ Health Study (NHS) participants to determine if studies of newly diagnosed incident early-stage breast cancer can 
be generalized to the broader US Medicare population.
Methods  Analytic cohorts of fee-for-service NHS–Medicare-linked participants and a 1:13 propensity-matched SEER–Medi-
care cohort (SEER) with incident breast cancer in the years 2007–2011 were considered. Screening leading to, treatment-
related, and general utilization in the year following early-stage breast cancer diagnosis were determined using Medicare 
claims data.
Results  After propensity matching, NHS and SEER were statistically balanced on all demographics. NHS and SEER had 
statistically similar rates of treatments including chemotherapy, breast-conserving surgery, mastectomy, and overall radiation 
use. Rates of general utilization include those related to hospitalizations, total visits, and emergency department visits were 
also balanced between the two groups. Total spending in the year following diagnosis were statistically equivalent for NHS 
and SEER ($36,180 vs. $35,399, p = 0.70).
Conclusions  NHS and the general female population had comparable treatment and utilization patterns following diagnosis 
of early-stage incident breast cancers with the exception of type of radiation therapy received. This study provides support 
for the larger value of population-based cohorts in research on healthcare costs and utilization in breast cancer.
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Introduction

It is important to understand the spectrum of care before and 
after diagnosis of breast cancer, which one in eight women in 
the United States (US) will experience in their lifetimes [1]. 
Categorizing patterns of care may provide greater insight 
into the disease and treatment course, allowing for improved 
quality, cost, or survival outcomes. Increasingly, investiga-
tors are utilizing linkages of population-based cohorts and 
administrative claims data to efficiently consider multiple 
aspects of health and health services with regard to com-
plex diseases, providing a tremendous range of data—from 
behavioral, lifestyle, and quality of life data before and after 
cancer diagnosis, to care utilization, treatments, and expen-
ditures. However, many population-based cohorts focus on 
highly specific populations and usually include participants 
who may differ in several ways from the general population; 
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this may influence their healthcare utilization patterns and 
potentially influence the generalizability of health services 
research within such populations.

Thus, to address breast cancer care in a cohort study com-
pared to the general population, we utilized the linkage of the 
long-standing Nurses’ Health Study (NHS) cohort with Medi-
care claims data to understand the differences and similarities 
in healthcare utilization between NHS and the general female 
Medicare fee-for-service (FFS) population with early-stage 
breast cancer. We focused here on breast cancer since it is the 
most common cancer in US women, after skin cancer. We iden-
tified women with incident early-stage breast cancer in the Sur-
veillance, Epidemiology, and End Results-18-Medicare (SEER) 
database and compared their utilization near diagnosis to women 
in the NHS cohort. Patient preference plays a key role in treat-
ment decision making for early-stage breast cancer in particu-
lar. We hypothesized that utilization patterns would be similar 
between the two groups, except with respect to screening, where 
previous work has shown NHS have higher adoption [2].

Methods

Data sources

Nurses’ Health Study (NHS)

The NHS is based at Brigham and Women’s Hospital in Bos-
ton, in the Channing Division of Network Medicine. The cohort 
was established when 121,700 female registered nurses, aged 
30–55 years, returned a mailed questionnaire in 1976. Women 
were identified from 11 states around the US, including all pri-
mary geographic regions. Follow-up of the original cohort is 
ongoing via biennial mailed questionnaires to update lifestyle 
and health information. To date, follow-up of participants is over 
90%. In 2000, NHS were asked to provide social security num-
bers (SSNs) to allow for linkage of participant data with other 
datasets, and SSNs were identified for all but 2000 participants.

Medicare linkage

Prior to initiating the Medicare linkage, all NHS were 
given the opportunity to opt out of the linkage; 390 women 
indicated they did not want the linkage done and were 
not included. The NHS dataset was linked to the Medi-
care claims using a crosswalk from an NHS identifier to a 
Medicare beneficiary identifier. There were 97,729 women 
from the NHS who were linked to the 2006–2012 Medicare 
claims. Of these, 1524 women had a primary incident diag-
nosis of breast cancer between the years 2007 and 2011, 
where the cancer was self-reported and subsequently con-
firmed with a medical record review [3].

SEER–Medicare‑linked database

The SEER program of the National Cancer Institute con-
sists of population-based tumor registries serving 18 geo-
graphic areas, encompassing 28% of the population, in the 
US, including San Francisco–Oakland, Connecticut, Detroit, 
Hawaii, Iowa, New Mexico, Seattle–Puget Sound, Utah, 
Georgia (Metropolitan Atlanta, Rural and Greater Georgia), 
San Jose–Monterey, Los Angeles, Alaska, Greater Califor-
nia (excluding SF/SJM/LA), Kentucky, Louisiana, and New 
Jersey. These cancer registries routinely collect cancer inci-
dence and survival data including patient demographics and 
clinical factors. SEER data and Medicare data are then linked 
based on an algorithm involving SSN, name, sex, and date of 
birth, allowing for the analysis of healthcare utilization with 
in-depth clinical measures for cancer patients [4]. We were 
thus able to identify women from the general population with 
a breast cancer diagnosis, and detailed clinical information.

Cohort definition

The eligible NHS participants were between 66 and 90 years 
of age, diagnosed with breast cancer between 2007 and 
2011, and had staging information available from medical 
records that NHS routinely collects. We excluded women 
with a prior history of another primary cancer (including 
breast). To ensure we could capture their complete care 
during the year prior to and following their breast cancer 
diagnosis, we further limited our query to participants liv-
ing in the US enrolled in Medicare Parts A and B without 
concurrent enrollment in an HMO (FFS) both for the year 
prior to and the year following their diagnosis, or until death. 
This resulted in an NHS cohort of 759 women with incident 
breast cancer of any stage. To increase the homogeneity of 
therapy types, as middle and advance stage therapy pat-
terns are more complex and varied, we limited the subset 
to women with early-stage cancer. Focusing on early-stage 
cancer also allowed us to analyze differences in preference-
sensitive treatments of breast-conserving surgery (BCS) and 
mastectomy. Thus, we excluded 44 women with stage 3 or 4 
disease, resulting in 715 NHS with early-stage (stages 0–2) 
breast cancer for the final analytic cohort.

Similarly, we identified a cohort of women from the 
SEER–Medicare database diagnosed with early-stage breast 
cancer, between 2007 and 2011. Women were included if 
they were 66 years or older at the time of their diagnosis 
and had a pathologically confirmed diagnosis as defined by 
SEER [5]. Also, we required the women to be FFS and liv-
ing in the US during the study period. We again excluded 
women with a prior history of another primary cancer. As 
there were few women (< 11) from the NHS cohort identi-
fied as Medicare–Medicaid dual eligible, we excluded all 
dually eligible women from both cohorts.
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Breast cancer identification and staging definitions

We chose to use the American Joint Committee on Cancer 
(AJCC) TNM staging system as the basis for stage classifi-
cation, which takes into account the size of the tumor (T), 
spread to regional lymph nodes (N), and the presence of 
metastatic disease (M). The AJCC staging definition uses 
both clinical and pathological classification including infor-
mation from the physical exam, imaging, diagnostic biop-
sies, operative findings, and pathology report from definitive 
surgery. Because SEER and NHS encoded these variables 
slightly differently, we used the classification algorithm 
shown in Appendix Table 4 to harmonize staging classifi-
cations across the two sources of data.

Demographic covariates

For both cohorts, we obtained demographic information 
including age at diagnosis (categorized as 66–74, 75–84, 
85+), race (collapsed to white and non-white due to sample 
size constraints), death in year following diagnosis (mortal-
ity), diagnosis year, and zip code from their Medicare claims. 
We measured comorbidities using the Klabunde modifica-
tion of the Charlson Index applied to the Medicare claims 
[6–8]. The Klabunde Index is a validated comorbidity index 
applied to cohorts of cancer patients [6]. Zip code was paired 
to US Census data to obtain a proxy for socioeconomic sta-
tus, defined as the median household income of the woman’s 
zip code, and to define their geographic region. Marital status 
was obtained from the NHS questionnaire closest to year of 
diagnosis and the SEER Registry for the respective cohorts.

Outcome measures

We characterized general and treatment-related healthcare 
use. Additionally, we examined women’s overall use of inpa-
tient and outpatient services, and the total costs accrued in 
this same time period. To characterize the utilization pat-
terns that may have led to early diagnosis, we also studied 
the 12 months prior to diagnosis to obtain information on 
screening practices.

Cancer‑related healthcare utilization

As cancer diagnosis date from the NHS and SEER databases 
is defined by month and year, we assigned the date of diag-
nosis to the first day of each month. The outcomes of interest 
prior to a breast cancer diagnosis were having at least one 
screening or diagnostic mammogram in the year prior to 
diagnosis or breast MRI or biopsy at the time of diagnosis.

The treatment/post-diagnosis window was defined as the 
year following the date of diagnosis. We considered surgical 
treatments including mastectomy and BCS. We also considered 

non-surgical treatments including chemotherapy and radiation 
therapy. Radiation therapy was further sub-classified into three 
groups: (1) hypofractionated (short course) external beam radia-
tion, (2) standard (long course) radiation, and (3) brachytherapy, 
the internal placement of temporary radiation sources [9]. To 
account for various dose and fractionation regimens, we defined 
hypofractionated radiation therapy as a course of radiotherapy 
consisting of treatment with 22 fractions or fewer [10, 11]. See 
Appendix Table 5 for definitions.

General utilization and costs

Physician services were derived from the Carrier/Part B data 
and included services as categorized by the Berenson–Egg-
ers Type of Service (BETOS) code classification system. 
This included claims for durable medical equipment (DME), 
evaluation and management (E&M) visits (where a patient 
directly interacts with a clinician), visits for imaging, labs, 
procedures, and all others. We additionally considered emer-
gency department (ED) visits not leading to a hospitaliza-
tion. We used claims from the Medicare Provider Analysis 
and Review (inpatient services, MedPAR) to determine 
inpatient utilization including total discharges, discharges 
by type (medical or surgical), ambulatory care sensitive con-
dition (ACSC) hospitalizations, and the mean length of stay 
for each hospitalization.

Costs were evaluated by BETOS code in Part B and 
overall by Medicare file type including total, hospital (Med-
PAR), physician (Part B total), outpatient facility, hospice, 
home health (HHA), and DME. We used the actual pay-
ment from each claim, without standardizing the payments 
to preserve consistency between the typical Medicare claims 
used to obtain the outcomes for the NHS and those from the 
SEER–Medicare database.

Risk‑adjustment and statistical analysis

First, propensity scores were generated to match NHS to the 
SEER–Medicare population. We used multivariate logistic 
regression to regress cohort status (NHS vs. SEER) on age, 
race, census region, marital status, mortality, zip code level 
median household income, Klabunde comorbidity index, 
year of diagnosis, and stage at diagnosis.

From the model, we obtained the predicted probability, 
or propensity score, performed a transformation using the 
logit function, and matched patients from each cohort who 
had “close” logit-transformed propensity scores. An optimal 
caliper (maximum distance allowed between the transformed 
propensity scores from each cohort) was used to obtain 
matches; it was equal to 0.2 times the standard deviation of 
the logit of the propensity scores [12–14]. A nearest-neigh-
bor greedy algorithm was used to obtain matches, without 
replacement, between the NHS and SEER cohorts.
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Since there were tens of thousands of women who met the 
cohort criteria in SEER, in order to obtain as large and complete 
a comparative sample as possible, we performed a 1:N propen-
sity matching where N was determined by the first iteration in 
which we were unable to obtain a 100% match. Covariate imbal-
ance after matching was assessed with a cutoff of a standard-
ized difference greater than (or less than for negative standard-
ized differences) or equal to ± 0.10 to determine if the cohorts 
remained unbalanced. After propensity score matching was 
complete, outcomes of interest for the NHS and SEER-matched 
sample of women were compared using a two-sided t test (for 
continuous variables) or χ2 test (for categorical variables).

Analyses were conducted using SAS software v14.2 and 
STATA v15.

Results

For the SEER–Medicare FFS population, there were 37,373 
women identified with early-stage breast cancer (Table 1) 
and 715 NHS from 2007 to 2011. Before propensity match-
ing, NHS were not statistically different than the general 
SEER population on many characteristics including age, 
comorbidity level, and zip code median household income. 
NHS were more likely to be white and be concentrated in 
the Northeast. NHS were more likely to be diagnosed with 
stage 1 breast cancer than SEER, with lower rates of stages 
0 and 2 diagnoses.

Propensity matching yielded a 1:13 match, with a 100% 
match rate, between the NHS and SEER cohorts, with each 
NHS participant assigned 13 similar SEER cases. We ended 

Table 1   Characteristics of Nurses’ Health Study (NHS) and SEER–Medicare cohorts, before and after propensity score matching

Characteristics NHS SEER SEER matched

N/mean %/STD N/mean %/STD Standardized differ-
ence: SEER versus 
NHS

N/mean %/STD Standardized difference: 
SEER matched versus 
NHS

N 715 37,373 9295
Age at diagnosis 74.96 5.87 75.42 6.85 0.07 75.01 6.24 0.00
 66–74 355 49.65 18,924 50.64 0.02 4653 50.06 0.02
 75–84 312 43.64 14,135 37.82 − 0.12 3997 43.00 − 0.02
 85+ 48 6.71 4314 11.54 0.17 645 6.94 0.01

Median household income of 
zip code

$67,435 $25,439 $65,218 $26,769 − 0.08 $67,520 $28,025 − 0.02

Klabunde comorbidity score 0.41 0.87 0.50 0.92 0.10 0.41 0.81 0.00
 0 516 72.17 25,473 68.16 − 0.09 6721 72.31 0.00
 1–2 184 25.73 10,733 28.72 0.07 2381 25.62 0.00
 3+ 15 2.10 1167 3.12 0.06 193 2.08 0.00

Geographical region
 Northeast 316 44.20 8025 21.47 − 0.50 4108 44.20 0.00
 South 194 27.13 9033 24.17 − 0.07 2604 28.02 0.02
 Midwest 92 12.87 4666 12.48 − 0.01 1187 12.77 0.00
 West 113 15.80 15,649 41.87 0.60 1396 15.02 − 0.02

White 694 97.06 33,717 90.22 − 0.28 8986 96.68 − 0.02
1-year mortality 11 1.54 946 2.53 0.07 152 1.64 0.01
Married 422 59.02 18,545 49.62 − 0.19 5397 58.06 − 0.02
Stage at diagnosis
 0 128 17.90 7460 19.96 0.05 1665 17.91 0.01
 1 395 55.24 19,051 50.98 − 0.09 5183 55.76 0.01
 2 192 26.85 10,862 29.06 0.05 2447 26.33 − 0.02

Year of diagnosis
 2007 131 18.32 7332 19.62 0.03 1689 18.17 − 0.01
 2008 145 20.28 7469 19.99 − 0.01 1904 20.48 0.01
 2009 147 20.56 7471 19.99 − 0.01 1902 20.46 − 0.01
 2010 153 21.40 7425 19.87 − 0.04 2026 21.80 0.01
 2011 139 19.44 7676 20.54 0.03 1774 19.09 0.00
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up with a total of 10,010 women with early-stage breast can-
cer, 715 of whom were NHS, and the remaining 9295 in 
SEER. With the propensity matching, we obtained statistical 
balance as determined by the standardized differences in all 
observed covariates (Table 1).

Healthcare utilization by the NHS with incident breast 
cancer and SEER was similar for most measures associated 
with breast cancer staging and treatment (Table 2). Specifi-
cally, no statistically significant differences were seen in 
ED use (1.5 vs. 1.5 visits, p = 0.74) or E&M visits (22.1 vs. 
21.5, p = 0.30). Inpatient hospitalizations for ACSC (0.03 vs. 
0.04, p = 0.82), medical discharges (0.17 vs. 0.19, p = 0.30), 
and surgical discharges (0.29 vs. 0.28, p = 0.58) were also 
statistically similar. Treatment-related utilization, including 
rates of breast biopsy (97.1% vs. 96.6%, p = 0.55), mastec-
tomy (26.4% vs. 25.4%, p = 0.55), BCS (71.1% vs. 70.5%, 
p = 0.77), radiation therapy (61.1% vs. 59.5%, p = 0.39), and 
chemotherapy (16.1% vs. 15.0%, p = 0.43), had similar rates 
of usage among both cohorts.

We observed modest differences in utilization between 
the NHS and SEER cohorts in use of mammography (diag-
nostic and screening), MRI, and in radiation course length. 
A greater proportion of NHS received screening (61.5% 
vs. 52.8%, p < 0.0001) and diagnostic (71.5% vs. 60.4%, 
p < 0.0001) mammogram and had any mammogram in 
the year prior to diagnosis (77.5% vs. 65.4%, p < 0.0001), 
and slightly more received breast MRI (31.8% vs. 27.1%, 
p = 0.01) than the SEER population. Among women who 
received radiotherapy as part of their treatment, substantially 
more NHS received standard course radiotherapy (32.0% 
vs. 9.6%) and fewer received hypofractionated radiotherapy 
(54.9% vs. 79.6%, p < 0.0001). This was reflected by more 
procedural visits, on average (33.5 vs. 28.2, p < 0.0001) and 
higher overall per capita procedural costs ($5633 vs. $4485, 
p < 0.0001) for NHS compared to the matched SEER cohort.

Overall payments in the year following diagnosis were 
similar for NHS, $36,180, and the matched SEER cohort, 
$35,399 (p = 0.70). However, the costs associated with pay-
ments from the Carrier/Part B file were somewhat higher 
for NHS ($12,200 vs. $10,825, p = 0.002) and when broken 
down by BETOS code, this difference was mostly accounted 
for by higher procedural costs, as noted above (Fig. 1), 
among the NHS than in the SEER-matched cohort.

Costs by radiation course are shown in Table 3. The dif-
ference in Part B spending between NHS and SEER is in 
part accounted for by differences in costs among women 
without radiation. The NHS cohort had higher costs for those 
without radiation in the year following diagnosis ($9330 vs. 
$7814, p = 0.02). The difference in spending among women 
without radiation is caused by higher spending on both pro-
cedures ($2694 vs. $2306, p = 0.004) and laboratory-related 
claims ($1814 vs. $1441, p = 0.001) for NHS compared to 
the matched SEER cohort. Average spending among women 

receiving standard radiation courses was balanced between 
the NHS and SEER ($20,507 vs. $21,643, p = 0.35).

Discussion

We compared healthcare utilization between NHS and 
women in the general SEER–Medicare-linked registry with 
early-stage incident breast cancer. We found no meaningful 
differences in utilization between the two cohorts in most 
measures examined, including the use of hospital services 
and most procedures, including biopsy, mastectomy, BCS, 
chemotherapy, and overall radiotherapy use. These findings, 
in a cohort of older nurses, provide reassuring evidence that 
population studies may provide an important resource for 
health services research, especially in combination with 
administrative databases such as Medicare.

We observed greater utilization of mammography, both 
screening and diagnostic, among NHS, consistent with pre-
viously described differences in utilization patterns between 
NHS and the general Medicare population [2]. In addition, we 
observed differences in the length of radiation therapy course. 
Our findings suggest NHS participants may not be early adop-
ters of treatment innovations. We posit there is a great likeli-
hood that nurses may seek out providers they know who may 
be older. Research has shown more recently trained physicians 
are more likely to quickly adopt new standards of care [15]. 
However, overall utilization of radiation of any course is bal-
anced among the NHS and SEER cohorts. Among NHS who 
received external beam radiation treatments, 32% received 
standard course radiation as compared to 10% of SEER. This 
difference in utilization translated into higher average outpa-
tient procedural costs and number of procedures, although 
overall payments in the year following diagnosis were similar 
in the NHS and SEER cohorts. The differences in procedural 
costs between the NHS and SEER cohorts were most largely 
driven by just two factors: (1) radiation fractionation sched-
ules in NHS and (2) spending on procedures and laboratory 
tests in NHS without radiation.

Many studies have suggested an association between high 
use of mammography and an increase in early-stage breast 
cancer rates [16–18]. Perhaps not surprisingly then, the 
NHS had both greater mammography use and greater stage 
1 diagnoses than SEER. The uptake and costs associated 
with hypofractionated breast radiation compared to standard 
length therapy during a similar timeframe, 2008–2013, have 
been previously studied showing adoption rates up to 35% in 
the time period [19]. We saw similar rates of overall usage 
among NHS (34%) and higher adoption among SEER (47%). 
The cost of each regimen showed patterns resembling those 
observed in our study, with standard course radiation yielding 
greater total healthcare costs [19]. This study highlights our 
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Table 2   Utilization of 
healthcare by NHS participants 
and matched SEER–Medicare 
beneficiaries for those 
diagnosed with incident early-
stage breast cancer

a The percentage of radiation that is intensity-modulated radiation therapy is 11.75% among NHS partici-
pants and 11.72% among the matched SEER–Medicare cohort
b Among those with some radiation
c Among those with at least one hospitalization
d Among those with at least one emergency department visit
e Berenson–Eggers Type of Service classification for Health Care Financing Administration Procedure Cod-
ing System (HCPCS) codes

NHS SEER matched p values

N/mean %/StdDev N/mean %/StdDev

Screening and diagnosis
 Screening or diagnostic mammography 554 77.48 6082 65.43 < 0.0001
 Breast biopsy 694 97.06 8983 96.64 0.55
 Breast MRI 227 31.75 2489 26.78 0.004

Treatment
 Chemotherapy 115 16.08 1393 14.99 0.43
 Breast-conserving surgery 508 71.05 6555 70.52 0.77
 Mastectomy 189 26.43 2363 25.42 0.55
 Radiation course
  No 278 38.88 3765 40.51 0.39
  Yesa 437 61.12 5530 59.49
   Hypofractionated 240 54.92 4402 79.60 < 0.0001b

   Standard 140 32.04 533 9.64
   Brachytherapy 57 13.04 595 10.76

 ACSC hospitalizations 0.03 0.19 0.04 0.23 0.82
 Length of hospitalizationc 4.13 6.28 5.09 7.40 0.02
 Number of ED visitsd 1.46 0.88 1.48 1.17 0.74
 Number of visits
  Durable medical equipment 7.57 15.69 8.29 18.97 0.25
  E&M 22.12 15.29 21.51 13.63 0.30
  Imaging 15.14 10.32 14.28 8.32 0.03
  Lab 26.89 22.61 30.53 25.81 < 0.0001
  Procedures 33.53 28.37 28.24 24.86 < 0.0001

 Hospital discharges
  Medical 0.17 0.52 0.19 0.58 0.30
  Surgical 0.29 0.51 0.28 0.51 0.58
  Total 0.47 0.79 0.48 0.85 0.79

 Cost by Medicare file source
  DME $121 376.13 $217 691.71 < 0.0001
  HHA $462 1577.55 $572 1811.18 0.08
  Hospice $21 267.12 $97 1479.45 < 0.0001
  Outpatient $8708 9657 $7941 7989 0.04
  MedPAR $14,669 49,963 $15,748 43,160 0.57
  Part B/Carrier $12,200 11,268 $10,825 10,385 0.002
  Total $36,180 53,504 $35,399 47,311 0.70

 Part B costs by BETOSe code
  DME $2135 7386 $2137 7456 0.99
  E&M $1588 1243 $1593 1137 0.91
  Imaging $1000 1111 $931 929 0.10
  Lab $1843 1833 $1679 1605 0.02
  Procedures $5634 5505 $4485 4021 < 0.0001
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findings that radiation therapy duration has an influence on 
medical costs during treatment of early-stage breast cancer.

One limitation of our study is that the SEER–Medicare 
database has encrypted beneficiary identifiers that differ from 
the beneficiary identifiers in the standard Medicare analytic 
files. Thus, there is no way to know if an NHS participant is 
also present in the SEER Registry. Thus, we constructed a 1:13 
match to obtain a large enough comparator sample to reduce 
the influence of any women who were present in both the NHS 
and matched SEER cohorts. Indeed, since NHS represent a 
very small proportion of the overall population, it is highly 
unlikely that they have any meaningful representation in the 
comparison group we selected from SEER. Another limitation 
is the somewhat limited distribution of socioeconomic status in 
NHS (although median household income was similar in NHS 
and SEER–Medicare even prior to propensity matching) and 
the small number of minority participants; thus, we cannot pro-
vide information on breast cancer care in those groups. Addi-
tionally, there is some degree of misclassification with splitting 
mammography use into screening and diagnostic; however, 

we expect the misclassification to be similar between the two 
cohorts. Another limitation of combining the data sources for 
the two cohorts is the modification of the standard TNM stag-
ing to make accurate comparisons between the two groups of 
women, losing some granularity of the stage in the process. 
Finally, a limitation of both the NHS and SEER data sources 
is with the date of diagnosis. Each source only provides the 
month of diagnosis. For consistency, we placed the diagnosis 
date on the first day of the diagnosis month.

Overall, our study generally provides support for the larger 
value of population-based cohorts in research on healthcare costs 
and utilization in breast cancer. This reinforces previous studies 
showing that healthcare utilization for NHS is largely similar to 
the general Medicare FFS female population [2, 3]. While we 
observed some higher utilization of radiation therapy and breast 
cancer screening among NHS, overall differences were small. 
The ability to leverage the extensive work done to characterize 
the health and behaviors of the NHS around breast cancer risk, 
treatment, and utilization [20–28] to the general US female pop-
ulation and augment this work with extensive utilization detail 

Fig. 1   Average spending on 
physician services in the year 
following diagnosis, by BETOS 
code, for NHS and the matched 
SEER–Medicare cohorts

Table 3   Spending on physician services by radiation course, by BETOS code, for NHS and the matched SEER–Medicare cohorts

Radiation course

None Hypofractionated Standard Brachytherapy

NHS SEER p values NHS SEER p values NHS SEER p values NHS SEER p values

N 278 3765 240 4402 140 533 57 595
Part B costs by BETOS, mean
 Procedures $2694 $2306 0.004 $4227 $4924 < 0.0001 $13,041 $13,685 0.31 $7696 $6780 0.23
 DME $2355 $1786 0.24 $1466 $2457 0.01 $2609 $3027 0.58 $2708 $1192 0.25
 E&M $1648 $1532 0.27 $1545 $1664 0.04 $1594 $1535 0.45 $1464 $1512 0.66
 Imaging $820 $750 0.16 $887 $1010 0.06 $1556 $1492 0.68 $991 $989 0.98
 Lab $1814 $1441 0.001 $1876 $1833 0.73 $1706 $1904 0.19 $2183 $1841 0.25
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from the Medicare claims is invaluable to continuing health ser-
vices research. More importantly, these findings strongly sug-
gest that linkage of administrative claims with population-based 
cohorts can provide meaningful information on breast cancer 
care and survivorship for the broader population. Future studies 
may address similar research in cohorts with larger minority 
populations.
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Appendix

See Tables 4 and 5.

Table 4   Stage classification algorithm for NHS and SEER–Medicare 
databases for early-stage breast cancer

Stages Cohort Tumor size (cm) Node involvement

0 NHS Not described/in situ 0 (No reported 
nodes involved)

SEER Main tumor cannot be found 0 Nodes
1 NHS 0.1–2.0 0 Nodes

SEER ≤ 2.0 0 Nodes
2 NHS 0.1–2.0 1–3 Nodes

2.1–4.0 0–3 Nodes
4.0+ 0 Nodes

SEER ≤ 2.0 1–3 Nodes
2.0–4.0 0–3 Nodes
4.0+ 0 Nodes
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