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BACKGROUND: Screening tests are generally not recom-
mended in patients with advanced cancer and limited life
expectancy. Nonetheless, screening mammography still
occurs and may lead to follow-up testing.
OBJECTIVE: We assessed the frequency of downstream
breast imaging following screening mammography in pa-
tients with advanced colorectal or lung cancer.
DESIGN: Population-based study.
PARTICIPANTS: The study included continuously en-
rolled female fee-for-service Medicare beneficiaries
≥65 years of age with advanced colorectal (stage IV) or
lung (stage IIIB-IV) cancer reported to a Surveillance, Ep-
idemiology, and End Results (SEER) registry between
2000 and 2011.
MAIN MEASURES: We assessed the utilization of diag-
nosticmammography, breast ultrasound, and breastMRI
following screening mammography. Logistic regression
models were used to explore independent predictors of
utilization of downstream tests while controlling for can-
cer type and patient sociodemographic and regional
characteristics.
KEY RESULTS: Among 34,127 women with advanced
cancer (23% colorectal; 77% lung cancer; mean age at
diagnosis 75 years), 9% (n = 3159) underwent a total of
5750 screening mammograms. Of these, 11% (n = 639)
resulted in at least one subsequent diagnostic breast im-
aging examination within 9 months. Diagnostic mam-
mography was most common (9%; n = 532), followed by
ultrasound (6%; n = 334) and MRI (0.2%; n = 14). Diag-
nostic mammography rates were higher in whites than
African Americans (OR, 1.6; p <0.05). Higher ultrasound
utilization was associated with more favorable economic
status (OR, 1.8; p <0.05).
CONCLUSIONS: Among women with advanced colorectal
and lung cancer, 9%continued screeningmammography,
and 11% of these screening studies led to at least one
additional downstream test, resulting in costs with little
likelihood of meaningful benefit.
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INTRODUCTION

Studies have shown that the absolutemortality benefit for women
undergoing annual screening mammography over 10 years is
approximately 10%.1, 2 For this reason, breast cancer screening is
generally not recommended in women with life expectancy of
less than 5–7 years,3 such as those with advanced-stage cancer,
severe morbidity, or advanced age.
Despite this, a small percentage of women with short life

expectancy still undergo screening mammography,4–6 which
may result in additional downstream breast imaging tests and
procedures. Both are a potentially wasteful use of health care
resources,7–9 and may cause additional psychological stress in
the patient and/or their family members and caregivers10 from
either false-positive results or identification of early breast
cancers that would never lead to adverse outcomes
(overdiagnosis).
We previously reported rates of screening mammography and

its predictors in Medicare beneficiaries aged 67 years and older
with advanced colorectal or lung cancer.4, 11 The purpose of the
current study was to examine and describe the utilization of
downstream diagnostic breast imaging tests following screening
mammography in female fee-for-service Medicare beneficiaries
aged 65 years or older with advanced colorectal and lung cancer.
We further explored predictors of downstream diagnostic breast
imaging as well as the frequency that such patients underwent
screening mammography more than once.

METHODS

Institutional review board approval and a waiver of informed
consent were both obtained for this Health Insurance Portabil-
ity and Accountability Act of 1996 (HIPAA)-compliant
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retrospective review of linked Surveillance, Epidemiology,
and End Results (SEER) Program and Medicare claims data.

Data Source

SEER-Medicare, a cancer registry and claims-based database
of medical care received by Medicare beneficiaries with can-
cer, was used for the current study. The database includes
SEER program information from cancer registries covering
approximately 28% of the U.S. population and fee-for-service
claims for covered health care services (both Parts A and B
benefits) for all SEER registryMedicare beneficiaries from the
time of an individual’s Medicare eligibility until death.12, 13

Study Population

All female fee-for-service Medicare beneficiaries aged
65 years or older registered in SEER between 2000 and
2011 with a diagnosis of advanced colorectal or lung cancer
(the most common non-breast malignancies in women14)
were assessed for eligibility. Advanced cancer was defined
as SEER-derived American Joint Committee on Cancer15

stage IV colorectal cancer or IIIB-IV lung cancer, which
both generally have an overall 5-year survival of less than
20%.5, 16 We limited our study to advanced cancer patients,
since screening mammography and its downstream diag-
nostic tests are considered an inappropriate use of health
resources in this overall short-life-expectancy population.
We excluded patients in whom colorectal or lung cancer
was not their primary cancer, as well as those with an
unknown month of cancer diagnosis, a diagnosis reported
only from autopsy or death certificate, a date of death before
date of diagnosis, or a death or breast cancer diagnosis
within the first 3 months after the colorectal or lung cancer
diagnosis. To ensure complete claims capture for predictive
modeling, we only included patients continuously enrolled
in Medicare Parts A Q1 and B from cancer diagnosis to a
follow-up end-date, defined as a diagnosis of breast cancer,
death, or the censoring date of December 31, 2013, which-
ever came first.

Screening Mammography Utilization

We further restricted our study to women who underwent at
least one screening mammogram between 3 months after
diagnosis and the follow-up end-date. Screening mammogra-
phy services were identified as those reported with Current
Procedural Terminology (CPT) codes 77057 or 76092 and
Healthcare Common Procedure Coding System (HCPCS)
codes G0202 or G0203.17 All duplicate claims were eliminat-
ed by matching patient identifier, procedure date, and CPT/
HCPCS code to prevent over-counting of services. Since
screening mammograms are sometimes part of an initial diag-
nostic work-up, we did not include screening mammography
services within the first 3 months of the lung or colorectal
cancer diagnosis.

Downstream Diagnostic Breast Imaging
Utilization

Diagnostic mammography (CPT 77055–77056, 76090–
76091; HCPCS G0204–G0207), breast ultrasound (CPT
76645) and breast MRI (CPT 77058–77059, 76093–76094)
services performed within 9 months following the index
screening mammography were identified and reported as the
percentage of screening mammography services resulting in
downstream diagnostic imaging tests. Based on prior work,
the 9-month interval was chosen to help better distinguish
between screening and diagnostic mammograms.18

Study Outcomes

The primary outcome was the utilization of downstream diag-
nostic imaging following screening mammography in Medi-
care beneficiaries with advanced colorectal and lung cancer.
The secondary outcome was exploring independent predic-

tors of utilization of each downstream test following screening
events while simultaneously controlling for all other covari-
ates (i.e. cancer type, patient sociodemographic and regional
characteristics).
The tertiary outcome was assessing independent predictors

of women with advanced colorectal and lung cancer undergo-
ing multiple screening mammography tests.

Statistical Analysis

Utilization of downstream diagnostic breast imaging tests
following screening mammography was reported as a number
and corresponding percentage. Multivariable logistic regres-
sion models were used to explore independent predictors of
utilization of diagnostic mammography and breast ultrasound
following screening events, as well as predictors of undergo-
ing than one downstream diagnostic test in patients with at
least one downstream test following a single mammography
event. These analyses were conducted at the screening event
level. Covariates of interest included cancer type (lung, colon),
age at diagnosis (65–69, 70–74, 75–79, >80 years), marital
status (married, not married), race/ethnicity (white, African
American, other), a poverty index based on the census tract
of the patient’s residential address at the time of diagnosis (i.e.
proportion of the census tract living below the federal poverty
level: 0 – <5%, 5 – <10%, 10 – <20%, 20–100%), and
geographic region (Northeast, Southeast, Midwest, West).
Since one patient can have more than one screening event,
within-patient correlation was accounted for using a general-
ized estimating equation assuming an exchangeable correla-
tion structure.19 Predictors of MRI utilization as a downstream
diagnostic test could not be assessed due to the small number
patients who received MRI. We further assessed the indepen-
dent predictors of undergoing more than one screening mam-
mography in patients with at least one screening mammogra-
phy using multivariable logistic regression models. Utilization
of diagnostic mammography and breast ultrasound following
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the first screening mammography in patients with at least one
screening mammography was assessed using the chi-square
test. These analyses were conducted at the patient level.
Multicollinearity was checked using variance inflation factors.
Statistical analyses were conducted in December 2016

using SAS version 9.2 software (SAS Institute Inc., Cary,
NC). All significance tests were two-sided and used a 5%
level of significance.

RESULTS

Study Population Characteristics

Overall, 34,127 women with advanced colorectal or lung
cancer met the inclusion criteria (Fig. 1). Baseline character-
istics of cancer cases are shown in Table 1. Twenty-three
percent of patients had colorectal and 77% had lung cancer.
The mean age at diagnosis was 75 years (SD = 7, range 65–
108); 84% of patients were white, and 37%weremarried at the
time of their diagnosis.

Among women with newly diagnosed advanced colorectal
or lung cancer, 9% (n = 3159) underwent at least one screening
mammogram. The total number of screening mammograms
during the follow-up period was 5750, ranging from 1 to 12
per patient, with 38% (n = 1188) of women undergoing more
than one screening mammogram.

Downstream Diagnostic Breast Imaging Test
Utilization

Of 5750 screening mammograms performed in advanced cancer
patients, 11% (n = 639) were followed by at least one down-
stream diagnostic breast imaging exam within 9 months of the
index screening mammogram. These downstream diagnostic
tests were performed in 356 women (11% of women who
received a screening mammogram). Diagnostic mammography
was themost common downstream diagnostic test (9%; n= 532),
followed by ultrasound (6%; n = 334) and MRI (0.2%; n = 14).

Independent Predictors of Downstream Test
Utilization

Independent predictors of diagnostic mammography and
breast ultrasound following 5750 screening mammograms,
analyzed at the screening event level, are shown in Table 2.
Diagnostic mammography rates were higher in whites than
African Americans (OR, 1.6; 95% CI, 1.1–2.3; p = 0.02) and
lower in the Midwest (OR, 0.7; 95% CI, 0.5–0.9; p = 0.008)
and West (OR, 0.6; 95% CI, 0.5–0.9; p = 0.004) than the
Northeast (Table 2). Higher ultrasound rates were associated
with more favorable economic status (OR, 1.8; 95% CI, 1.2–
2.7; p = 0.008 for poverty index of less than 5% compared to
index of 20–100%). Table 3 illustrates utilization rates for

Figure 1 Study flowchart for primary outcome analysis. CRC,
colorectal cancer; DoD, date of death; Dx, diagnosis.

Table 1 Baseline Characteristics of 34,127 Advanced Colorectal and
Lung Cancer Patients

Characteristics N = 34,127

Cancer, no. (%)
Colorectal 7843 (23%)
Lung 26,284 (77%)

Age at diagnosis, years (SD) 75 (7)
Age at diagnosis, no. (%)
65–69 8245 (24%)
70–74 8478 (25%)
75–79 7820 (23%)
>80 9584 (28%)

Marital status, no. (%)
Married 12,291 (37)
Not married 20,653 (63)

Race, no. (%)
White 28,795 (84)
Black 3313 (10)
Other 1964 (6)

Poverty index, no. (%)
0 – <5% 8521 (25)
5 – <10% 9314 (27)
10 – <20% 9599 (28)
20–100% 6630 (20)

SEER registry, no. (%)
Midwest 7831 (23)
Southeast 11,576 (34)
West 7271 (21)
Northeast 7449 (22)
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diagnostic mammography and breast ultrasound following
first screening mammography in 3159 patients with at least
one screening mammography, stratified by baseline
characteristics.

Independent Predictors of Multiple Screening
Mammography and Downstream Tests

Having more than one screening mammogram in advanced
cancer patients was more frequently associated with colorectal
than lung cancer (OR, 1.3; 95% CI, 1.1–1.5; p = 0.002), and
with younger age (OR, 1.5; 95% CI 1.2–2; p <0.001 for
age <70; OR 1.5; 95% CI, 1.2–1.9; p = 0.002 for age 70–74).
In advanced cancer patients who underwent more than one

downstream diagnostic imaging test within 9 months of a
single screening mammogram, patients with colorectal cancer
were less likely than lung cancer patients to have more than
one downstream diagnostic breast imaging test (Table 4).

DISCUSSION

Using linked SEER registry and Medicare claims data, we
found that 9% of Medicare fee-for-service beneficiaries with
advanced colorectal or lung cancer and short life expectancy

underwent screening mammography post-diagnosis, and 11%
of those screening mammograms were followed by at least
one downstream diagnostic breast imaging test.
The American College of Radiology and the U.S. Depart-

ment of Health & Human Services Agency for Healthcare
Policy and Research both recommend overall diagnostic im-
aging recall rates of less than 10% for women undergoing
screening mammography.20, 21 The 11% recall rate in our
study shows that women with advanced cancer are called back
for positive screening mammograms at a frequency similar to
that in the general population. In advanced cancer patients,
however, the overall rationale for screening mammography
and recall is likely inappropriate, as these women usually do
not live long enough to benefit from improved mortality
associated with this screening.3, 22 Therefore, in this popula-
tion, there is probably a net harm caused by performing
imaging tests which is manifested in false-positive diagnoses,
overdiagnosis of early cancers that do not result in adverse
outcomes,23 overtreatment (including unnecessary diagnostic
image-guided breast procedures as a result of a positive down-
stream diagnostic test—something we did not study), and
additional stress, regardless of whether a breast cancer is
diagnosed, in patients and family members who are already
distressed from the primary cancer diagnosis.10

The mean age at diagnosis for patients included in our study
was 75 years (51% were older than 75). The U.S. Preventive
Services Task Force (USPSTF) offers no definite recommen-
dations for screening mammography in this population, since
data is inconclusive about the survival benefits of screening in
older patients with shorter life expectancies.24 In patients with
advanced cancer, however, screening is likely of far less value.
Our data show the rate of downstream diagnostic tests was
similar in women both younger and older than 75. In prior
work, we showed that screening mammography utilization
rates in patients with advanced colorectal and lung cancer
are significantly lower than cancer-free matched controls
(8% vs. 18%).4 In addition, as advanced cancer patients age,
utilization rates of screening mammography decline.11 Indeed,
our findings confirm that the rate of multiple screening mam-
mography decreases as patients age. However, regardless of
age, once a patient has received a screening mammography,
there is no significant difference in the likelihood of receiving
downstream diagnostic test.
Finally, there are financial burdens associated with unnec-

essary imaging near the end of life. More than 25% of Medi-
care dollars are spent in the last year of life,25 and cancer
consumes a great proportion of overall Medicare expendi-
tures.26 Researchers have found that the total cost per person
over the last year of life in patients with poor prognostic
cancers was $71,517 for non-hospice and $62,819 for hospice
populations.27 Among Medicare cancer patients, imaging
costs until recently have risen at a rate outpacing total cost of
care,28 and are likely to further increase as the prevalence of
cancer is expected to continue to increase given our aging
population.29, 30

Table 2 Independent Predictors of Downstream Diagnostic Breast
Imaging Tests Following 5750 Screening Mammograms in

Advanced Colorectal or Lung Cancer Patients*

Diagnostic mammography
OR (95% CI)

Breast ultrasound
OR (95% CI)

Cancer type
Colorectal vs.
lung

1.2 (1–1.4)
(p = 0.09)

1 (0.7–1.3)
(p = 0.89)

Age, years (reference: >80)
65–69 1.1 (0.8–1.5)

(p = 0.71)
0.9 (0.6–1.3)
(p = 0.55)

70–74 1.1 (0.8–1.5)
(p = 0.40)

1 (0.7–1.5)
(p = 0.95)

75–79 0.9 (0.6–1.2)
(p = 0.45)

0.7 (0.5–1.2)
(p = 0.20)

Marital status (reference: not married)
Married 1 (0.8–1.2)

(p = 0.87)
1 (0.8–1.3)
(p = 0.88)

Race (reference: African American)
White 1.6 (1.1–2.3)

(p = 0.02)
1.3 (0.8–2.1)
(p = 0.22)

Other 1.2 (0.7–2.2)
(p = 0.53)

0.9 (0.4–1.9)
(p = 0.74)

Poverty index (reference: 20–100%)
0 – <5% 1.3 (0.9–1.8)

(p = 0.12)
1.8 (1.2–2.7)
(p = 0.008)

5 – <10% 0.9 (0.7–1.3)
(p = 0.65)

1.4 (0.9–2.1)
(p = 0.14)

10 – <20% 1.1 (0.8–1.6)
(p = 0.34)

1.5 (1–2.3)
(p = 0.06)

SEER Registry (reference: Northeast)
Midwest 0.7 (0.5–0.9)

(p = 0.008)
0.9 (0.6–1.3)
(p = 0.48)

Southeast 0.8 (0.6–1)
(p = 0.08)

1.2 (0.9–1.7)
(p = 0.28)

West 0.6 (0.5–0.9)
(p = 0.004)

1.1 (0.7–1.6)
(p = 0.36)

*Sample size for breast MRI was too small for evaluation. Analyses
were performed at the level of screening event
Boldface indicates statistical significance (p <0.05)
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Both screening mammography and recall in advanced can-
cer patients are examples of clinical waste due to the provision
of low-value services.7 These events can be reduced by pro-
moting greater use of clinical guidelines and provider decision
support tools by primary care providers, oncologists and pal-
liative care specialists alike; involving patients and their fam-
ilies or care givers in care decisions through an informed
decision-making process; realigning financial incentives to
promote delivery of high-quality, low-cost care; and improv-
ing transparency in quality and cost of imaging tests.9 Al-
though we did not assess differential screening mammography
order rates by physician specialty for patients with advanced
cancer, it is important that all clinicians assess the benefits and
risks associated with screening tests for each individual patient
and avoid unnecessary tests during end-of-life care in ad-
vanced cancer patients.
Predictors of undergoing at least one screening mammo-

gram were previously reported in these patients with advanced
colorectal and lung cancer.11, 16 In the current study, we found
that younger age and colorectal cancer (compared to lung
cancer) were associated with higher rates of undergoing more
than one screening mammography in patients with advanced
cancer. This is likely because the majority of breast cancer
screening guideline recommendations are based on patient age
(currently up to age 75 years), as well as a higher probability of
survival in younger patients and in advanced colorectal cancer
patients compared to those with lung cancer within the same
amount of follow-up time.5 Similar to the population receiving

screening mammography, being white was associated with
higher rates of downstream diagnostic mammography, which
is in keeping with the higher incidence of breast cancer among
white women than African Americans.31 In addition, more
favorable economic status was associated with higher rates
of breast ultrasound.
Low socioeconomic status has been a consistent marker for

underuse of screening mammography in the general popula-
tion, likely due to higher uninsured rates and lack of a usual
source of care.32 Disparities in screening mammography uti-
lization among African-American women with Medicare fee-
for-service insurance has been reported previously.32 Howev-
er, in the case of advanced cancer patients, where the use of
any screening or diagnostic breast imaging test is likely un-
necessary, the disparity in utilization of imaging tests in
African-American women and those with less favorable eco-
nomic status is associated with more appropriate use of
resources.
Although prior studies have shown that women with colo-

rectal cancer (regardless of cancer stage)16 and those with
advanced colorectal cancer11 are more likely to undergo
screening mammography, the results of our current study
revealed that women with advanced colorectal cancer and at
least one downstream test were less likely than lung cancer
patients to receive multiple downstream diagnostic tests fol-
lowing a single mammography event. This might be due to the
proximity of the lungs and breasts, resulting in suspicion that a
positive screening mammogram might be the result of lung

Table 3 Utilization of Downstream Diagnostic Imaging Following First Screening Mammography in 3159 Advanced Cancer Patients with at
Least One Screening Mammogram, Stratified by Baseline Characteristics*

Diagnostic mammography Ultrasound

No
n = 2863

Yes
n = 296

p-value† No n = 2975 Yes n = 184 p-value†

Cancer, no. (%)
Colorectal 783 (91) 81 (9) 0.99 818 (95) 46 (5) 0.46
Lung 2080 (91) 215 (9) 2157 (94) 138 (6)

Age at diagnosis (years), no. (%)
65–69 996 (91) 98 (9) 0.45 1032 (94) 62 (6) 0.30
70–74 822 (89) 98 (11) 860 (93) 60 (7)
75–79 642 (91) 60 (9) 670 (95) 32 (5)
>80 403 (91) 40 (9) 413 (93) 30 (7)

Marital status, no. (%)
Married 1437 (91) 138 (9) 0.23 1483 (94) 92 (6) 0.89
Not married 1345 (90) 150 (10) 1406 (94) 89 (6)

Race, no. (%)
White 2414 (90) >269 (>10) 0.004 2519 (94) >162 (>6) 0.13
Black 278 (95) 16 (5) 283 (96) 11 (4)
Other‡ 171 (94) <11 (<6) 173 (94) <11 (<6)

Poverty index, no. (%)
0 – <5% 734 (88) 100 (12) 0.03 774 (93) 60 (7) 0.08
5 – <10% 851 (91) 82 (9) 878 (94) 55 (6)
10 – <20% 789 (92) 70 (8) 810 (94) 49 (6)
20–100% 484 (92) 44 (8) 508 (96) 20 (4)

SEER registry, no. (%)
Midwest 585 (88) 80 (12) 0.02 628 (94) 37 (6) 0.08
Southeast 629 (93) 49 (7) 651 (96) 27 (4)
West 1038 (90) 111 (10) 1076 (94) 73 (6)
Northeast 611 (92) 56 (8) 620 (93) 47 (7)

*Sample size for breast MRI was too small for evaluation. Analyses were performed at the patient level
†The parametric p-value was calculated by chi-square test. Boldface indicates statistical significance (p <0.05)
‡Cells <11 masked in compliance with SEER Data Use Agreement
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cancer metastasis to the breasts, needing further work-up,
although breasts are not a common location of lung cancer
spread.33 Prior studies have shown that advanced cancer pa-
tients in certain geographic regions (e.g. the Midwest, South-
east and West) have a higher likelihood of undergoing screen-
ing mammography than those in the Northeast.11 Our study,
however, shows a lower likelihood of diagnostic mammogra-
phy in those regions, but the reason for this discrepancy is not
clear.
A study by Sima et al. in advanced colorectal and lung cancer

patients from the SEER-Medicare database (1998–2005) dem-
onstrated median overall survival (from the time of cancer diag-
nosis until death) of 8 months for lung cancer and 11 months for
colorectal cancer patients.5 Our prior study of screening mam-
mography utilization in cancer patients showed median follow-
up times (from cancer diagnosis) of 8 months for lung and
11 months for colorectal cancer,4 confirming short survival in
this population. In the Sima et al. study, half of the patients who
received screening mammography did so within 10 months of
the cancer diagnosis, and most patients screened had testing
within 36months of diagnosis.Wewould expect a similar pattern
of results for our patient population. In addition, given that 11%
of patients with screening mammography received downstream

imaging within 9 months, and considering the short survival of
these patients, we would expect a majority of patients with
downstream testing to have received it within the first 2 years
of cancer diagnosis.
This study has several limitations. First, screening mam-

mography events were determined using CPT and HCPCS
billing codes. One study has suggested that screening mam-
mography rates are underestimated when relying solely on
screening mammography codes, given the potential for uncer-
tainty in distinguishing these services from diagnostic mam-
mograms.18 Furthermore, the determination of downstream
diagnostic breast imaging tests using claims billing codes is
challenging. In the current study, we considered any diagnos-
tic test performed within 9 months after screening mammog-
raphy as a downstream test, but recognize that some of these
tests may have been performed independently of the screening
mammogram (e.g., negative screening mammogram, but later
development of a palpable mass). In addition, to ensure the
accuracy of our predictive model, we included only patients
who were continuously enrolled in Medicare both Parts A and
B, and therefore, the percentage of screening mammograms is
likely underestimated. Finally, the independent predictors of
breast MRI utilization could not be explored due to the small
sample size of patients who received MRI.

CONCLUSION

In summary, our study results show that in Medicare-aged wom-
en with advanced colorectal and lung cancer, 9% still underwent
screening mammography, and 11% of these screening mammo-
grams were followed by at least one additional downstream
diagnostic breast imaging examination, resulting in costs without
the likelihood of meaningful benefit during the near-end-of-life
period. Further, womenwithmore favorable economic status and
white women were more likely to receive downstream breast
ultrasound and diagnostic mammography, respectively. Identify-
ing areas of overutilization during the period near the end of life
could help in targeting interventions to improve clinical practice
and reduce the costs of cancer care.
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Table 4 Independent Predictors of Multiple Screening
Mammography and Downstream Diagnostic Breast Imaging Tests

in Advanced Colorectal or Lung Cancer Patients*

Multiple screening
mammography tests
OR (95%CI)

Multiple
downstream tests
OR (95%CI)

Cancer type
Colorectal
vs. lung

1.3 (1.1–1.5)
(p = 0.002)

0.6 (0.4–0.8)
(p = 0.003)

Age, years (reference: >80)
65–69 1.5 (1.2–2)

(p <0.001)
0.7 (0.4–1.2)
(p = 0.19)

70–74 1.5 (1.2–1.9)
(p = 0.002)

0.7 (0.4–1.3)
(p = 0.24)

75–79 1.3 (1–1.6)
(p = 0.09)

0.7 (0.4–1.3)
(p = 0.27)

Marital status (reference: not married)
Married 1 (0.9–1.2)

(p = 0.62)
1 (0.7–1.4)
(p = 0.88)

Race (reference: African American)
White 1.2 (0.9–1.5)

(p = 0.31)
0.5 (0.3–1.1)
(p = 0.07)

Other 0.8 (0.5–1.3)
(p = 0.39)

1.1 (0.3–3.6)
(p = 0.86)

Poverty index (reference: 20–100%)
0 – <5% 1.2 (0.9–1.5)

(p = 0.14)
1.3 (0.7–2.4)
(p = 0.31)

5 – <10% 1 (0.8–1.3)
(p = 0.88)

1.9 (1.1–3.5)
(p = 0.03)

10 – <20% 1 (0.8–1.2)
(p = 0.78)

1.6 (0.9–2.9)
(p = 0.12)

SEER registry (reference: Northeast)
Midwest 1.1 (0.8–1.3)

(p = 0.59)
0.9 (0.6–1.6)
(p = 0.83)

Southeast 1 (0.8–1.2)
(p = 0.99)

0.7 (0.5–1.1)
(p = 0.14)

West 1.1 (0.9–1.4)
(p = 0.29)

1.3 (0.5–1.5)
(p = 0.61)

*Analyses were performed at the patient level for multiple screening
mammography and at the screening event level for multiple downstream
tests
Boldface indicates statistical significance (p <0.05)
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