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Abstract Annual surveillance mammograms in older

long-term breast cancer survivors are recommended, but

this recommendation is based on little evidence and with

no guidelines on when to stop. Surveillance mammograms

should decrease breast cancer mortality by detecting sec-

ond breast cancer events at an earlier stage. We examined

the association between surveillance mammography

beyond 5 years after diagnosis on breast cancer-specific

mortality in a cohort of women aged C65 years diagnosed

1990–1994 with early stage breast cancer. Our cohort

included women who survived disease free for C5 years

(N = 1,235) and were followed from year 6 through death,

disenrollment, or 15 years after diagnosis. Asymptomatic

surveillance mammograms were ascertained through

medical record review. We used Cox proportional hazards

regression stratified by follow-up year to calculate the

association between time-varying surveillance mammog-

raphy and breast cancer-specific and other-than-breast

mortality adjusting for site, stage, primary surgery type,

age and time-varying Charlson Comorbidity Index. The

majority (85 %) of the 1,235 5-year breast cancer survivors

received C1 surveillance mammogram in years 5–9 (yearly

proportions ranged from 48 to 58 %); 82 % of women

received C1 surveillance mammogram in years 10–14. A

total of 120 women died of breast cancer and 393 women

died from other causes (average follow-up 7.3 years).

Multivariable models and lasagna plots suggested a modest

reduction in breast cancer-specific mortality with
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surveillance mammogram receipt in the preceding year

(IRR 0.82, 95 % CI 0.56–1.19, p = 0.29); the association

with other-cause mortality was 0.95 (95 % CI 0.78–1.17,

p = 0.64). Among older breast cancer survivors, surveil-

lance mammography may reduce breast cancer-specific

mortality even after 5 years of disease-free survival.

Continuing surveillance mammography in older breast

cancer survivors likely requires physician–patient discus-

sions similar to those recommended for screening, taking

into account comorbid conditions and life-expectancy.

Keywords Surveillance mammography � Breast

carcinoma � Survivorship

Background

The relative 5-year survival for female breast cancer

patients 75 years of age or older is 88 % [1, 2]. Older

breast cancer survivors have a long period of time when

they are at risk for recurrences, second primaries and late

treatment effects because a healthy 75-year-old woman has

a life-expectancy of 17 years [3, 4]. Surveillance mam-

mography following initial breast cancer treatment in

women with early stage breast cancer is intended to pro-

long survival through the early detection of recurrences and

second breast cancer primaries, with the goal of reducing

their morbidity and management with the ultimate goal of

reducing death from breast cancer. As with all studies on

screening, there are major concerns about intermediate

endpoints such as recurrence or second primary cancers,

because of issues around lead and length–time bias [5]. For

surveillance mammography to be successful for mortality

reduction, women would need to be detected during the

preclinical detectable phase.

Current surveillance guidelines [6–8] recommend annual

mammography after completing primary surgery and adju-

vant chemotherapy, which are analogous to guidelines for

screening mammography in high risk women. Recommen-

dations for when to stop surveillance for women with a

personal history of breast cancer do not exist for women of

any age, but older women are less likely to receive sur-

veillance, independent of comorbidity and their providers’

clinical specialties [9–14]. Studies focused on the first

5 years following diagnosis have identified older women as

being at risk for less-than-guideline surveillance receipt,

independent of comorbidity and the type of providers seen

[9–14]. There has been only limited examination of the

potential consequences of this under-surveillance on mor-

tality rates [15], leaving optimal surveillance management

of long-term older survivors an open question [8].

We previously reported guideline surveillance mam-

mography in the first 5 years following an early stage

breast cancer diagnosis in older women was associated

with reduced breast cancer-specific mortality risk, with

protective effects primarily restricted to women with local

recurrences or second primaries [15]. We are unaware of

any studies that have examined surveillance mammogra-

phy patterns beyond 5 years, nor whether such guideline

care is effective in decreasing breast cancer mortality. This

current analysis extends prior work [15] by lengthening

follow-up to 15 years among 5-year survivors. Using a

well-described cohort of women aged C65 years [13, 15–

19] who had a minimum of 5 years of disease-free survival

following an early stage breast cancer diagnosis, we

investigated the association between surveillance mam-

mography in years 6–14 post-diagnosis and mortality

(breast and other-than-breast cancer).

Methods

Design and study population

The Breast Cancer Treatment Effectiveness in Older

Women (BOW) study was conducted within the Cancer

Research Network (CRN) [20] and has been previously

described in detail [13, 15–19]. The inception cohort

included 1,859 women aged C65 diagnosed with incident

early stage breast cancer (stage I–II)] [21] between 1990

and 1994 within six health care organizations; all women

received surgical therapy for their initial breast cancer

diagnosis.

This study included women who survived disease free

for C5 years from initial diagnosis (N = 1,235).

Data collection

Our study received a waiver of consent and was approved

by institutional review boards at all participating sites, all

of whom have assurance filed with and approved by the

Department of Health and Human Services. Medical

records were used to collect surveillance mammography,

demographics, treatment, longitudinal comorbid conditions

(to calculate Charlson Comorbidity Indices) [22], recur-

rence and second primary breast cancers [17]. Once a

woman was diagnosed with a comorbid condition, the

condition remained present through the end of follow-up.

Date and cause of death were ascertained from the National

Death Index through December 31, 2008 [15].

Variable definitions

Cause of death was determined by International Classifi-

cation Diagnosis-9 and 10 codes from part 1 of the death

certificate. Women were classified as having died of breast
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cancer (ICD-9 174 or ICD-10 code C50) or from another

cause (all other codes).

Asymptomatic mammography receipt (‘‘surveillance’’)

was evaluated from medical record review and was coded

for each year of follow-up as ‘‘received’’ or ‘‘not received’’

in the preceding year; women could therefore change sur-

veillance mammography status in each annual follow-up

cycle. Reasons for mammograms coded as an: evaluation

of a clinical finding, evaluation of a reported symptom

without a clinical finding, work-up of abnormal finding,

evaluation of breast after biopsy/surgery, or unknown were

not counted as a surveillance mammogram [15, 23–25].

Surveillance mammograms had to be C9 months from the

previously classified surveillance mammogram and mam-

mograms were not counted after a diagnosis of a breast

cancer recurrence or second primary [15, 23–25]. Women

were classified as ‘‘exposed’’ in years 6–15 if they had a

surveillance mammogram in years 5–14, respectively. We

did not include surveillance mammograms in the 6 months

before death [15].

We examined potential confounding variables known to

be associated with mortality including age at the sixth year

after breast cancer diagnosis (70–74, 75–79, or C80 years),

Charlson Comorbidity Index [22] in the preceding year (0,

1, [1), tumor stage (I or II) [21], primary surgery type

(mastectomy or breast cancer surgery), enrollment site

diagnosis year, race/ethnicity (White non-Hispanic, Asian,

African-American, and Hispanic), Charlson Comorbidity

Index 5 years after breast cancer diagnosis, estrogen (ER)

and progesterone receptor (PR) expression at diagnosis

(ER- or PR-positive/ER- and PR-negative), completed

adjuvant radiation therapy, systemic adjuvant therapy

(none/tamoxifen/chemotherapy/both), and receipt of a

surveillance mammogram 4–5 years after breast cancer

diagnosis.

Statistical analysis

We calculated the frequency and proportion of women who

did, and did not, receive surveillance mammograms in the

previous 12 months for the overall analytic sample within

strata of covariate categories. Surveillance mammograms

received in years 10–14 were collapsed due to small

numbers. Frequency of death (due to breast cancer or

causes other than breast cancer) and cumulative person-

time were used to calculate the incidence rate of death.

To summarize patterns of surveillance mammography

across the 1,235 women who survived 5 years after diag-

nosis, we used lasagna plots [26, 27] to graphically illus-

trate surveillance mammography received over 10 years of

follow-up (years 6–15 after diagnosis). The plots are sorted

by breast cancer-specific mortality, other than breast can-

cer-specific mortality and no mortality. The columns (x-

axis) represent the prior 12-month exposure period (years

5–14 after diagnosis) for each follow-up year. Each plot

includes a row (y-axis) for each woman included in the

analysis. The number of surveillance mammograms ranged

from a minimum of 0 (no surveillance mammograms) to a

maximum of 10 (one surveillance mammogram in each

year of follow-up). As the number of surveillance mam-

mograms increase, the shades of blue become more intense

to represent increasing density (i.e., few mammograms are

represented by lighter shades and the more cumulative

mammograms are represented by darker shades). The areas

of white color indicate that the woman’s follow-up time

was censored due to death or disenrollment.

Women were followed from beginning of their sixth

year after their breast cancer diagnosis date until death,

disenrollment, or end of follow-up at 15 years after diag-

nosis, whichever came first. Hazard ratios (HR) and 95 %

confidence intervals (CI) for the association between sur-

veillance mammography and breast cancer-specific mor-

tality were estimated using Cox proportional hazard

regression models, with duration of follow-up as the time

scale. Cox proportional hazards regression analyses incor-

porated the Andersen–Gill data structure [28] to account

for the time-dependent nature of surveillance mammogra-

phy. We also calculated the association between surveil-

lance mammography and mortality due to causes other than

breast cancer. Models were stratified by follow-up cycle (1-

year interval) and also adjusted for site, age at year 6 after

diagnosis, tumor stage, primary surgery type, and Charlson

Comorbidity Index (treated as a time-dependent variable).

The breast cancer mortality analysis censored women who

died of other causes and the other-than-breast cancer

mortality analysis censored women who died of breast

cancer.

To address surveillance effectiveness, we examined

surveillance mammography receipt in the prior year by stage

distribution for recurrences (local/regional/distant/missing)

and second primaries (stage I/II, III/IV, unstaged) and for

women who did not experience a second breast event. For

women without a second breast event, we used the median

time to event for women with a second breast event (date of

initial diagnosis ? 5 years ? 667.75 days) in years 6–10 as

the time point from which to look back 1 year for receipt of

surveillance exam; the same approach was used for years

11–15 (date of diagnosis ? 10 years ? 640 days).

Results

Our prospective cohort comprised 1,235 women who

experienced no second breast cancer events in the 5 years

after an initial breast cancer diagnosis, who contributed a

total of 9,013 person-years during 15 follow-up years.
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There were 120 women who died of breast cancer and 393

women died from another cause.

One-quarter of the cohort was aged C80 years 6 years

after diagnosis, 34 % aged 75–79, and 42 % aged 70–74

(Table 1). Women aged 70–74 at the outset of follow-up

comprised a greater proportion of the remaining cohort,

because these women had the lowest overall mortality rate.

Similarly, the proportion of women remaining with a

Charlson score of 0 at the outset of follow-up increased

over the follow-up period. There were no notable differ-

ences in stage, hormone receptor status, or primary and

adjuvant therapy in the cohort over time.

The proportion receiving a surveillance mammogram

decreased with each year, from 58 % in year 6 to 48 % in

year 9. In years 10–14, 82 % of the remaining cohort

(n = 704) had C1 surveillance mammogram in any of the

5 years with roughly an equal proportion having 1–5 sur-

veillance mammograms; median number of surveillance

exams received in those years was 3 (range 0–10).

Most women survived the 10-year follow-up period

(years 6–15 after diagnosis), and more women died from

other-than breast cancer mortality than from breast cancer

(Fig. 1a, b).

Figure 1a depicts accumulating darkness for each

additional surveillance mammogram, which provides a

graphical overview of guideline adherence to annual

mammography. Although annual surveillance mammog-

raphy was obtained throughout the follow-up period in all

groups, overall adherence was suboptimal. Receipt of one

surveillance mammogram predicted receipt of subsequent

surveillance mammograms throughout the follow-up per-

iod. Among women who had a surveillance mammogram

in year 5, 77 % also had a mammogram in year 6, whereas

only 23 % of those who did not have a surveillance

mammogram in year 5 had a surveillance mammogram in

year 6.

Figure 1b is designed to graphically depict surveillance

mammography clinical effectiveness. In this figure, each

surveillance examination is assumed to have a limited

duration of clinical effectiveness (1 year) and therefore

surveillance mammography receipt is reset to the lightest

shade in any year a woman did not receive a surveillance

mammogram; whereas the color accumulates with receipt

of each sequential surveillance mammogram. The color

density pattern shows regular surveillance mammography

was most common among the women who survived the

entire follow-up period and least common among the

women who died of breast cancer, with women who died of

other-than-breast cancer displaying an intermediate color

density.

Table 2 shows IRRs for breast cancer mortality and

other-than-breast-cancer mortality associated with catego-

ries of all covariates and for time-varying surveillance

mammography, and also provides multivariable adjusted

mortality HRs. Both mortality endpoints increased with

age, with the oldest age more strongly associated with

other-than breast cancer mortality (IRR 3.44, 95 % CI

2.66–4.44) than breast cancer-specific mortality (IRR 2.09,

95 % CI 1.34–3.26). Similarly, mortality was strongly

associated with the time-varying Charlson Index (IRR 4.27,

95 % CI 3.19–5.70 for other cause comparing [1 with 0,

and IRR 1.94, 95 % CI 1.19–3.15 for breast cancer-specific

mortality). Higher stage was associated with breast cancer

mortality even among these 5-year survivors (IRR 2.13

stage II vs I, 95 % CI 1.45–3.14), but not with other-than

breast cancer mortality (IRR 1.11, 95 % CI 0.89–1.38).

There was a modest reduction in breast cancer-specific

mortality with surveillance mammogram receipt in the

preceding year (IRR 0.82, 95 % CI 0.56–1.19, p = 0.29),

whereas the association with other-cause mortality was

0.95 (95 % CI 0.78–1.17, p = 0.64).

Sample sizes were small when examining the surveil-

lance mammography distribution in the year before the

second breast cancer event or the reference date for women

with no second event by years 10 and 15 (Table 3). There

were no systematic patterns in surveillance mammography

receipt relative to extent of disease at second diagnosis by

years 10 or 15. There was no association between recur-

rence stage and surveillance mammography receipt among

women who remained alive at years 10 and 15 or among

women who died of other causes.

Discussion

In this cohort of older women who had survived disease

free for 5 years after an early stage invasive breast cancer

diagnosis, we observed a modest breast cancer-specific

mortality reduction associated with surveillance mam-

mography receipt among older women as far out as

6–15 years after initial early stage breast cancer diagnosis;

mortality reductions were not suggested for other-than

breast cancer. Breast cancer survivors are at higher risk for

contralateral breast cancer than age-matched women with

no breast cancer history [24], so surveillance mammogra-

phy could be considered equivalent to screening mam-

mography in a high risk population. Our result (IRR 0.82,

95 % CI 0.56–1.19) is consistent with the most recent

meta-analysis associating screening mammography with a

reduced risk of breast cancer mortality (summary

RR = 0.84, 95 % credible interval 0.77–0.91) [29].

Long-term surveillance is particularly challenging for

older breast cancer survivors and their health care provid-

ers, because competing comorbid causes of death accu-

mulate and the potential survival benefit of an early

diagnosis of a recurrence or new primary decreases,
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making the potential harms [30] from screening weigh

more heavily. Current screening mammography guidelines

conclude there is insufficient evidence to recommend

screening mammography to women aged C75 with no

prior breast cancer [30]; there are no guidelines on when to

stop surveillance for survivors, regardless of age [6, 7]. It is

Table 1 Distribution of covariates by surveillance mammography receipt over the study period

Receipt of surveillance mammogram by year following diagnosis

Year 6 Year 7 Year 8 Year 9 Year 10–14

N = 721 N = 514 N = 626 N = 522 N = 573 N = 508 N = 479 N = 512 N = 575 N = 129*

Yes No Yes No Yes No Yes No Yes No

N (col %)

Diagnosis year

1990 131 (18) 87 (17) 116 (19) 88 (17) 111 (19) 79 (16) 94 (20) 78 (15) 100 (17) 22 (17)

1991 129 (18) 84 (16) 110 (18) 88 (17) 93 (16) 97 (19) 78 (16) 101 (20) 99 (17) 20 (16)

1992 154 (21) 109 (21) 116 (19) 129 (25) 111 (19) 117 (23) 98 (20) 114 (22) 124 (22) 31 (24)

1993 165 (23) 120 (23) 143 (23) 117 (22) 133 (23) 108 (21) 106 (22) 114 (22) 137 (24) 30 (23)

1994 142 (20) 114 (22) 141 (23) 100 (19) 125 (22) 107 (21) 103 (22) 104 (21) 115 (20) 26 (20)

Age at year 6

70–74 302 (42) 154 (30) 264 (42) 170 (33) 259 (45) 158 (31) 232 (48) 161 (31) 274 (48) 45 (35)

75–79 242 (34) 141 (27) 215 (34) 150 (29) 210 (37) 130 (26) 167 (35) 152 (30) 206 (36) 45 (35)

80? 177 (25) 219 (43) 147 (23) 202 (39) 104 (18) 220 (43) 80 (17) 199 (39) 95 (17) 39 (30)

Race/ethnicity

White non-Hispanic 600 (83) 407 (79) 513 (82) 421 (81) 466 (81) 410 (81) 395 (82) 400 (78) 462 (80) 96 (74)

Asian 23 (3.2) 9 (1.8) 22 (3.5) 10 (1.9) 23 (4) 9 (1.8) 19 (4.0) 11 (2.2) 23 (4.0) 4 (3.1)

African-American 61 (8.5) 64 (12) 60 (9.6) 56 (11) 55 (9.6) 54 (11) 40 (8.4) 66 (13) 57 (9.9) 15 (12)

Hispanic 37 (5.1) 33 (6.4) 31 (5.0) 35 (6.7) 29 (5.1) 35 (6.9) 25 (5.2) 35 (6.8) 33 (5.7) 14 (11)

Charlson Comorbidity Index at 5 years post-diagnosis

0 423 (59) 237 (46) 365 (58) 264 (51) 341 (60) 265 (52) 311 (65) 259 (51) 363 (63) 76 (59)

1 244 (34) 201 (39) 214 (34) 198 (38) 191 (33) 191 (38) 141 (29) 206 (40) 183 (32) 43 (33)

[1 54 (7.5) 76 (15) 47 (7.5) 60 (11) 41 (7.1) 52 (10) 27 (5.6) 47 (9.2) 29 (5.1) 10 (7.6)

Tumor stage at diagnosis

I 438 (61) 309 (60) 378 (60) 321 (61) 360 (63) 299 (59) 301 (63) 314 (61) 367 (64) 78 (60)

IIA 216 (30) 153 (30) 201 (32) 139 (27) 163 (28) 160 (32) 131 (27) 154 (30) 160 (28) 36 (28)

IIB 67 (9.3) 52 (10) 47 (7.5) 62 (12) 50 (8.7) 49 (9.7) 47 (9.8) 44 (8.6) 48 (8.4) 15 (12)

ER/PR status

ER or PR? 556 (77) 380 (74) 477 (76) 394 (75) 446 (78) 373 (73) 382 (80) 377 (74) 439 (76) 97 (75)

ER/PR- 87 (12) 66 (13) 80 (13) 63 (12) 70 (12) 64 (13) 53 (11) 66 (13) 77 (13) 15 (12)

Unknown 78 (11) 68 (13) 89 (11) 65 (12) 57 (10) 71 (14) 44 (9.2) 69 (13) 59 (10) 17 (13)

Primary surgery

BCS 364 (50) 239 (47) 324 (52) 238 (46) 287 (50) 243 (48) 240 (50) 252 (49) 290 (50) 58 (45)

Mastectomy 357 (50) 275 (54) 302 (48) 284 (54) 286 (50) 265 (52) 239 (50) 260 (51) 285 (50) 71 (55)

Radiation therapy complete

Yes 333 (46) 182 (35) 298 (48) 191 (37) 279 (49) 185 (36) 232 (48) 203 (40) 280 (49) 46 (36)

No 388 (54) 332 (65) 328 (52) 331 (63) 294 (51) 323 (64) 237 (52) 309 (60) 295 (51) 83 (64)

Adjuvant therapy

Tamoxifen, chemotherapy or both 508 (70) 351 (68) 443 (71) 363 (70) 405 (71) 362 (71) 337 (70) 369 (72) 406 (71) 87 (67)

Neither 213 (30) 163 (32) 183 (29) 159 (30) 168 (29) 146 (29) 142 (30) 143 (28) 169 (29) 42 (33)

Surveillance mammogram in year 4–5 following diagnosis

Yes 555 (77) 273 (53) 478 (76) 314 (60) 452 (79) 299 (59) 381 (80) 317 (62) 446 (78) 70 (54)

No 166 (23) 241 (47) 148 (24) 208 (40) 121 (21) 209 (41) 98 (20) 195 (38) 129 (22) 59 (46)

Number of surveillance mammograms in year 10–14 following diagnosis

1 – – – – – – – – 156 (27) –

2 – – – – – – – – 103 (18) –

3 – – – – – – – – 106 (18) –

4 – – – – – – – – 121 (21) –

5 – – – – – – – – 89 (15) –

*Individuals in the No column for years 10–14 did not receive any surveillance mammograms in years 10–14
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unlikely that a randomized controlled trial will be launched

to address tailored surveillance stopping ages, so effec-

tiveness studies must rest on observational studies such as

these [15, 31–33] combined with extrapolation of screening

mammography efficacy and effectiveness [6, 7].

Surveillance mammograms should decrease breast can-

cer mortality by detecting second breast cancer events at an

earlier stage; surveillance mammograms should not be

effective for diagnosing metastatic cancers, or preventing

or delaying death from metastatic disease [5]. Our prior

analysis during the first 5 years following diagnosis sug-

gested that each additional surveillance mammogram post-

diagnosis was associated with a one-third mortality

reduction and also suggested reduced mortality could have

resulted from detecting recurrences or second primary

breast cancer at an earlier stage [15]. Our findings were

subsequently criticized as potentially arising from the

necessary association between accumulation of both

Fig. 1 Each woman was classified as having a surveillance mam-

mogram (collected from medical record review and defined as

asymptomatic, C9 months from previous mammogram) in follow-up

year with adherence to surveillance able to change within each cycle.

Surveillance mammograms were not counted in any follow-up period

after a diagnosis of a recurrence or a second primary. Women could

die between years 6 and 15, therefore to assess whether women were

‘‘exposed’’ to having a surveillance mammogram in the 12 months

prior we look at receipt of surveillance mammograms in years 5–14.

For the year 6 follow-up year, surveillance mammography would

have had to been received in the 12 months prior (i.e., during year 5)

so the plots show receipt of surveillance mammography in year 5–14

to correspond with the follow-up year of 6–15. The columns (x-axis)

represent the prior 12-month exposure period (years 5–14 after

diagnosis) for each follow-up year. Each plot includes a row (y-axis)

for each woman included in the analysis. The number of surveillance

mammograms ranged from a minimum of 0 (no surveillance

mammograms) to a maximum of 10 (one surveillance mammogram

in each year of follow-up). White segments of the graph represent

censoring women at the end of observation (death or disenrollment).

A total of 1,235 women are included with 9,015 person-years,

including 120 women who died of breast cancer and 393 women who

died of other causes of death. a This plot depicts guideline adherence

to surveillance mammography over follow-up by outcome (breast

cancer-specific mortality, other than breast cancer mortality and no

mortality). Women with greater adherence are shown with accumu-

lating darkness with each surveillance mammogram in a period. If a

women skipped a surveillance mammogram in one period (e.g., year

7) but received a surveillance mammograms in the next period (e.g.,

year 8), the color would pick up with increasing darkness where it left

off at year 5. The greater the proportion of women with lighter colors,

the greater the proportion of non-adherence. The white portions

represent the time women were censored. b This plot depicts a proxy

for surveillance clinical effectiveness over follow-up by outcome. In

this figure, the surveillance mammography receipt is reset to the

lightest shade in any year a woman did not receive a surveillance

mammogram; whereas the color accumulates with receipt of each

sequential surveillance mammogram. This strategy attempts to define

a period during which a surveillance mammogram might be clinically

effective for reducing breast cancer mortality and sets that period at

annual intervals. The white portions represent the time women were

censored
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Table 2 Overall distribution of covariates and stratified by breast cancer-specific mortality and other-cause mortality

Total Breast cancer-specific mortality Other-cause mortality

N (%) Follow-up

person-years

(per 1,000)

Cases IR HRa Cases IR HRa

(95 % CI) (95 % CI)

Overall 1,235 9,015 120 13.3 393 43.6

Time-varying surveillance

mammography

5,140 54 10.5 0.82 (0.56, 1.19) 185 36.0 0.95 (0.78, 1.17)

Age at year 6

70–74 456 (37) 3,804 41 10.8 Reference 92 24.2 Reference

75–79 383 (31) 3,017 34 11.3 1.12 (0.71, 1.77) 97 32.2 1.34 (1.01, 1.79)

80? 396 (32) 2,194 45 20.5 2.09 (1.34, 3.26) 204 93.1 3.44 (2.66, 4.44)

Time-varying Charlson

Comorbidity Index

0 3,882 37 9.5 Reference 72 18.6 Reference

1 3,486 50 14.3 1.44 (0.94, 2.22) 172 49.3 2.35 (1.78, 3.10)

[1 1,647 33 20.0 1.94 (1.19, 3.15) 149 90.5 4.27 (3.19, 5.70)

Tumor stage at diagnosis

I 747 (60) 5,574 50 9.0 Reference 250 44.9 Reference

IIA 369 (30) 2,613 43 16.5
2.13 (1.45, 3.14)

115 44.0
1.11 (0.89, 1.38)

IIB 119 (9.6) 827 27 32.6 28 33.8

Primary surgery

BCS 603 (49) 4,430 49 11.1 0.96 (0.65, 1.41) 194 43.8 0.99 (0.80, 1.22)

Mastectomy 632 (51) 4,585 71 15.5 Reference 199 43.4 Reference

Year of diagnosis

1990 218 (18) 1,559 17 10.9 81 52.0

1991 213 (17) 1,547 24 15.5 67 43.3

1992 263 (21) 1,967 22 11.2 89 45.2

1993 285 (23) 2,067 27 13.1 87 42.1

1994 256 (21) 1,874 30 16.0 69 36.8

Race/ethnicity

White non-Hispanic 1,007 (82) 7,214 101 14.0 317 44.0

Asian 32 (2.6) 306 1 3.3 9 29.4

African-American 125 (10) 943 12 12.7 44 46.7

Hispanic 70 (5.7) 552 6 10.9 23 41.7

Other/unknown 1 (0.1) 0 0 – 0 –

Charlson Comorbidity 5 year

post-index

0 660 (53) 5,336 60 11.2 149 27.9

1 445 (36) 3,015 45 14.9 178 59.1

[1 130 (11) 664 15 22.6 66 99.4

ER/PR status

ER or PR? 936 (76) 6,877 96 14.3 299 43.5

ER/PR- 153 (12) 1,123 16 14.0 44 39.2

Unknown 146 (12) 1,015 8 7.9 50 49.3

Radiation therapy complete

Yes 515 (42) 4,004 37 9.2 139 34.7

No 720 (58) 5,011 83 16.6 254 50.7

Adjuvant therapy

Tamoxifen, chemotherapy or

both

859 (70) 6,353 102 16.1 263 41.4

Neither 376 (30) 2,662 18 6.8 130 48.9

Months since last surveillance

mammogram at 5 years post-

diagnosis

Median (Min, Max) 9.7 (0.01–60.9) 10.0 (0.01–60.9) 10.5 (0.04–60.9)
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surveillance mammograms and survival time itself [5]. We

were aware of this potential, and addressed the concern in

the original manuscript, concluding that reduced mortality

rates likely resulted from detecting local recurrences or

second primary breast cancer at an earlier stage with better

prognosis, combined with the effect of better medical care

in general, as evidenced by the lower mortality rate from

other causes of death that were also associated with receipt

of surveillance mammograms [15]. In the present analysis,

our use of time-varying methods allowed an estimate of the

association between surveillance mammogram receipt in

the preceding year and death due to breast cancer or

another cause in the current year. This analytic method

more closely corresponds to the hypothesized effect

implied by the guideline recommendations [6, 7] for annual

surveillance mammograms. Our observed association

between surveillance mammogram and breast cancer-spe-

cific mortality overlaps with our earlier estimate (OR per

surveillance mammogram 0.69 for breast cancer mortality,

95 % CI 0.52–0.92 [15]), but in years 6–15 we observed a

near null association with other-than breast mortality. In

this analysis, surveillance mammography did not appear to

be associated with detecting local recurrences or second

primary breast cancer at earlier stages in years 6–15

(Table 3), although these analyses were based on very

small numbers of events by stage, so may not reveal the

expected pattern. Our earlier estimate was more precisely

measured because it was based on the substantially larger

initial cohort where surveillance mammograms and deaths

due to breast cancer were more common.

The main advantages of our study are completeness and

accuracy of surveillance mammograms ascertainment and

follow-up over 15 years, homogeneity of access to care in

these managed health care organizations, and the evalua-

tion of breast cancer-specific and other-than breast cancer

death. We were able to distinguish surveillance mammo-

grams from mammograms ordered in response to symp-

toms. We were also able to examine guideline adherence to

surveillance mammography by outcome as well as a proxy

measure of clinical effectiveness of surveillance mam-

mography by outcome through visual plots. The consis-

tency of our findings regarding associations with covariates

and with breast cancer-specific mortality (older age,

increasing comorbidity, and higher stage at initial diagno-

sis) and non-breast cancer mortality (older age and

increasing comorbidity) are supported by other studies and

demonstrate the face validity of our data. The large sample

size and reliance on existing registries and medical records

Table 2 continued

Total Breast cancer-specific mortality Other-cause mortality

N (%) Follow-up

person-years

(per 1,000)

Cases IR HRa Cases IR HRa

(95 % CI) (95 % CI)

Surveillance mammogram in

year 4–5 following diagnosis

Yes 828 (67) 6,402 77 12.0 239 37.3

No 407 (33) 2,613 43 16.5 154 59.0

Number of surveillance

mammograms in years 6?

following diagnosis

0 272 (22) 1,095 38 34.7 138 126.0

1 171 (14) 822 29 35.3 83 101.0

2 161 (13) 992 22 22.2 70 70.6

3 109 (8.8) 892 12 13.5 29 32.5

4 105 (8.5) 893 8 9.0 27 30.2

5 79 (6.4) 736 3 4.1 20 27.2

6 78 (6.3) 795 3 3.8 10 12.6

7 88 (7.1) 917 4 4.4 9 9.8

8 74 (6.0) 799 1 1.3 6 7.5

9 73 (5.9) 800 0 – 1 1.3

10 25 (2.0) 299 0 – 0 –

Median (Min, Max) 3 (0–10) 1 (0–8) 1 (0–9)

Multivariable adjusted relationship between time-varying surveillance mammography and death
a Stratified by follow-up cycle and adjusted for: site, age at year 6, stage (I/IIA or IIB), primary surgery type, time-dependent Charlson comorbidity
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allowed all women to be included with negligible loss to

follow-up, reducing the potential impact of selection biases

and selective loss to follow-up. Finally, because all enrol-

led patients were C65 years at breast cancer diagnosis,

they all had access to Medicare-financed health care with

few financial barriers.

However, women received surveillance mammograms

in the context of conventional patient–physician decision

making, not by random assignment. An earlier study

showed screening mammography prevalence declined

among older women with no breast cancer history in direct

relation to physician-estimated life-expectancy [33].

Although we had no measure of life-expectancy, we

observed here and elsewhere [9, 13] that older patients and

patients with comorbid conditions are less likely to receive

surveillance mammograms and less-than-guideline care

[34]. These patterns suggest that patient or physician

preferences may impact surveillance mammogram receipt.

We were unable to examine other potential downstream

harms of surveillance mammography such as false posi-

tives, unnecessary biopsies and other adverse events, which

are crucial measures in evaluating the harms and benefits of

screening interventions and are likely to be even more

important in older women with limited life-expectancies.

While age and comorbidity and other factors were con-

trolled analytically, unmeasured variables—such as healthy

behaviors and physical function—may confound the rela-

tion. Many of the covariates examined were associated

with mortality, but these were not associated with sur-

veillance mammography, which is why they were not

included in our multivariable model. Were the association

between surveillance mammogram receipt and breast

cancer mortality due entirely to confounding by healthy

indications, we would have expected to see a similarly

sized protective association between receipt of surveillance

mammograms and death from causes other-than breast

cancer.

We observed a modest breast cancer-specific mortality

reduction associated with surveillance mammography

receipt among older women as far out as 6–15 years after

initial early stage breast cancer diagnosis. The decision to

continue surveillance mammography in older breast cancer

survivors likely requires physician–patient discussions

similar to those recommended for screening, taking into

account the perceived risks and benefits, comorbid condi-

tions, and future life-expectancy.
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