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Abstract
Purpose In a screened population, breast cancer-specific mortality is lower for screen-detected versus symptom-detected 
breast cancers; however, it is unclear whether this association varies by follow-up time and/or tumor characteristics. To further 
understand the prognostic utility of mode of detection, we examined its association with breast cancer-specific mortality, 
overall and by follow-up time, estrogen receptor status, tumor size, and grade.
Methods In the Cancer Prevention Study-II Nutrition Cohort, 3975 routinely screened women were diagnosed with invasive 
breast cancer (1992–2015). Among 2686 screen-detected and 1289 symptom-detected breast cancers, 206 and 209 breast 
cancer deaths, respectively, occurred up to 24 years post diagnosis. Hazard ratios (HR) and 95% confidence intervals (CI) 
were calculated from Cox proportional hazard regression models.
Results Controlling for prognostic factors, symptom detection was associated with higher risk of breast cancer-specific death 
up to 5 years after diagnosis  (HR≤5years = 1.88, 95% CI 1.21–2.91) this association was attenuated in subsequent follow-up 
 (HR>5years = 1.26, 95% CI 0.98–1.63). Within tumor characteristic strata, there was a 1.3–2.7-fold higher risk of breast can-
cer death associated with symptom-detected cancers ≤ 5 years of follow-up, although associations were only significant for 
women with tumors < 2 cm  (HR≤5years = 2.42, 95% CI 1.19–4.93) and for women with grade 1 or 2 tumors  (HR≤5years = 2.72, 
95% CI 1.33–5.57). In subsequent follow-up, associations were closer to the null.
Conclusions Screen detection is a powerful prognostic factor for short-term survival. Among women who survived at least 
5 years after breast cancer diagnosis, other clinical factors may be more predictive of breast cancer survival.
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Background

It is well established that mammographic screening reduces 
breast cancer-specific mortality [1, 2]. However, mammog-
raphy does not detect all breast cancers; 15% of women with 
breast cancer who attend screening are diagnosed within 
1 year of a negative screening mammogram [3]. Some of 
these symptom-detected breast cancers were missed due 
to technical/interpretive errors. Others include aggressive 
tumors that exhibit characteristics of rapid proliferation as 
well as tumors with unique tumor characteristics (e.g., lobu-
lar histology, absence of in situ component) that are harder 
to detect by screening mammography. These cancers are of 
concern, in part, because they have poorer prognosis com-
pared to screen-detected breast cancers [4, 5].
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The benefit of screen detection may vary by tumor char-
acteristics and/or follow-up time. Most prior studies have 
had relatively short follow-up time (up to10 years) [6–17] 
and/or have not stratified by tumor characteristics [18]. For 
example, a study including 2006 cases found variation in 
the survival benefit attributed to screen detection over fol-
low-up time (up to 20 years) [18]. Only three studies have 
had > 9 years of follow-up time and stratified on tumor char-
acteristics, one stratifying on stage and estrogen receptor 
(ER) status [7], one on stage, tumor size, and lymph node 
status [19], and the other on tumor size and lymph node 
status [20]. Furthermore, statistical methods were not used 
to formally test differences in associations by tumor charac-
teristics or follow-up time.

To overcome some of the limitations of previous stud-
ies, we examined the association between mode of detection 
and breast cancer-specific mortality, independent of known 
prognostic factors, among breast cancer survivors in the 
American Cancer Society’s Cancer Prevention Study (CPS)-
II who have been followed for up to 24 years. We rigorously 
tested associations by follow-up time and tumor character-
istics. We hypothesized that symptom-detected, compared 
to screen-detected, cancers would have higher risk of death 
during both short- and long-term follow-ups, and that the 
magnitude of these associations would be stronger among 
women with breast cancers that have more aggressive tumor 
characteristics (i.e., ER-, larger (≥ 2 cm), and higher grade). 
Furthermore, analyses were limited to women who received 
routine screening mammography 2 years prior to diagnosis 
to minimize confounding by differences in interindividual 
screening patterns and ensure that symptom-detected breast 
cancers did not include unscreened tumors, therefore limit-
ing potential issues with lead and length time biases.

Materials and methods

Cancer prevention study‑II

The study population was drawn from the 97,783 women 
free of cancer when they enrolled in the CPS-II Nutrition 
Cohort, a prospective longitudinal study of cancer incidence 
and mortality that began in 1992–1993 and enrolled par-
ticipants from 21 US states [21]. The Nutrition Cohort is a 
subset of the approximately 1.2 million US men and women 
enrolled in the CPS-II Mortality Cohort in 1982 [22] who 
lived in one of the 21 US states with a population-based 
state cancer registry. CPS-II Nutrition Cohort participants 
completed a baseline questionnaire at baseline in 1992/1993 
and were sent follow-up questionnaires biennially starting 
in 1997. The CPS-II Nutrition Cohort is approved by the 
Emory University Institutional Review Board.

Study population

After enrollment, 6499 women were diagnosed with inva-
sive breast cancer (ICD code: C50) through June 30, 2015. 
State cancer registry or medical records were used to con-
firm self-reports of breast cancer and were abstracted for 
tumor characteristics. For this analysis, exclusions included 
women who had missing self-reported mode of detection 
data (N = 1411), missing diagnosis date (N = 9), breast 
cancer diagnosis prior to enrollment in CPS-II (N = 338), 
distant stage breast cancer (N = 46), and those who never 
reported any mammography use (N = 68) or had an unknown 
screening history (N = 652). The final cohort included 3975 
women, who were aged 41–78 years at baseline interview.

Mammographic screening status

All mammography data used in this study were self-reported. 
Participants completed a baseline survey in 1992, followed 
by biennial surveys from 1997 to 2015. All surveys queried 
about mammography use. In 1992, women were asked about 
the timing and main reason for the mammographic exam; 
those who responded, “part of a routine physical exam” or 
“had it for screening purposes” were considered to have had 
a screening mammogram. In 1997, women were asked about 
mammography use for each year over the previous 5 years 
(1992–1997) but were not asked about the reason for mam-
mography; all mammograms were assumed to be for routine 
screening (in other years, only 3–5% of women had mammo-
grams for diagnostic purposes). From 1999 onwards, women 
were asked: (1) whether they had a mammogram in the past 
2 years; and (2) whether it was “for routine exams” or “for 
symptoms.” Women were asked to mark all that apply, and 
those women who reported a routine mammogram were con-
sidered to be screened.

Self-reported mammography in conjunction with date of 
breast cancer diagnosis was used to define screening sta-
tus within approximately 2-year intervals that included a 
breast cancer diagnosis. For example, a woman diagnosed 
on August 1, 2002 was considered screened if she reported 
screening mammography on her 2003 survey, which covers 
mammography use from 2001 to 2003. A woman with the 
same date of diagnosis who did not report any mammogram 
or reported a mammogram for reasons other than screening 
was not considered an eligible case.

Women who were missing screening information for the 
survey interval that included time of diagnosis were classi-
fied as having unknown screening history (N = 652). Because 
we were interested in studying survival among a screened 
population, women with unknown screening history were 
excluded from all survival analyses. Women were classified 
as “regular routine” mammography users if they reported 



screening mammography on every survey up until breast 
cancer diagnosis. All other screened women were classified 
as “irregular routine” mammography users.

Mode of detection

Women diagnosed with breast cancer were sent a supple-
mental survey that asked about initial treatment and mode 
of detection. In response to the question “How was your can-
cer found?”, women with invasive diagnoses who responded 
“routine (screening) mammography” were classified as 
screen-detected (N = 2686) and women who responded, “by 
a health professional,” “husband/non-health professional,” 
or “self” were classified as symptom-detected (N = 1289). A 
validation study in a subset of 100 breast cancer cases where 
medical records were used to verify self-reported mode of 
detection showed high concordance between self-report and 
medical records. Twenty-five cases in each of four groups 
defined by mode of detection and age (< 70, 70 + years) were 
randomly selected. Among cases with adequate documenta-
tion of the mode of detection in the medical record, there 
was strong concordance (88–100%) of self-report and medi-
cal record in each of the four groups.

Outcome ascertainment

Death and cause of death were ascertained through linkage 
with the National Death Index. Survival time was calcu-
lated from date of breast cancer diagnosis until date of death 
(breast cancer-related or death from other causes), loss to 
follow-up, or end of follow-up (December 31, 2016), which-
ever came first. Median follow-up time was 12.4 years over-
all: 12.2 years for screen-detected cancers and 12.5 years for 
symptom-detected cancers.

Statistical analysis

Age-adjusted and multivariable-adjusted Cox proportional 
hazards regression models were used to calculate hazard 
ratios (HRs) and 95% confidence intervals (CI). Screen-
detected cancers were used as the referent group and breast 
cancer deaths were the outcome of interest. We tested for 
violations of the proportional hazards assumption, by using 
time-dependent models and visual inspection of the hazard 
curves. After identifying a violation of this assumption for 
the full follow-up period, we further tested two different time 
cutoffs post diagnosis: 5 years (≤ 5 & > 5) and 10 years (≤ 10 
& > 10). The proportional hazards assumption was upheld 
within both time periods for both cutoffs. As the slope of 
the survival curve among the symptom-detected cases 
changed around 5 years post diagnosis, the 5-year cutoff was 
used for analyses. Age-adjusted mortality rates (per 1000 

person-years) were calculated overall, and for each tumor 
characteristic strata and follow-up time period.

Potential covariates included clinical characteristics from 
the medical record or cancer registry [age at diagnosis, year 
of diagnosis, tumor size, SEER stage, grade, nodal status, 
histology, and ER, progesterone receptor (PR), and human 
epidermal growth factor receptor-2 (HER2) status], self-
reported treatment variables [breast surgery type (mastec-
tomy, breast conservation surgery, none), chemotherapy, 
radiation therapy, and hormonal/targeted therapy use], 
and epidemiologic factors self-reported at baseline (age at 
menarche, race, education, weight change from age 18 to 
baseline), on the survey just prior to diagnosis [menopau-
sal status, hormone replacement therapy (HRT) use, smok-
ing status, alcohol use, body mass index (BMI), history of 
benign breast disease, family history of breast cancer, and 
routine mammography use], or based on survey responses 
through end of follow-up [number of comorbidities (diabe-
tes, hypertension, heart disease, stroke, chronic obstructive 
pulmonary disease)]. For each variable, missing values were 
assigned to a “missing” category that was used in analysis. 
Covariates were selected for inclusion in multivariable mod-
els using backwards elimination; covariates that made < 10% 
change in the estimate after removal were excluded from 
final models. Although ER status should have been excluded 
based on these criteria, this variable was retained as a vari-
able of interest. The final adjusted model included age at 
diagnosis, tumor size, ER status, PR status, stage, grade, 
surgery, chemotherapy, weight change, and number of 
comorbidities.

Differences in associations between mode of detec-
tion and risk of breast cancer-specific mortality by tumor 
characteristics [ER status (ER+/ER-; N = 3335), tumor 
size (< 2 cm/≥ 2 cm; N = 3700), and grade (grade 1 & 2/
grade 3 & 4; N = 3386)] and time periods were assessed by 
computing P-values. P-values were calculated from mod-
els that allowed for different underlying hazards for strata; 
these models include covariates chosen for the final model 
in addition to interaction terms between these variables and 
the stratification variable, whether that be tumor subtype or 
time. All stratified models excluded women who were miss-
ing data for the stratification variable of interest.

To account for residual confounding by regularity of 
mammography use, we conducted a sensitivity analysis 
restricted to women who were regular routine mammogra-
phy users. All analyses were performed using SAS version 
9.3 (SAS Institute, Cary, NC).



Results

Study population

Among the 3975 breast cancer survivors who reported a 
screening mammogram within the 2-year survey interval 
when breast cancer was diagnosed, 2686 (68%) reported a 
screen-detected cancer and 1289 (32%) reported a symptom-
detected cancer (Table 1). The average age at breast cancer 
diagnosis (screen-detected: 70.9 years; symptom-detected: 
69.9 years) was similar in both groups. The proportion of 
breast cancer deaths was greater for women with symptom-
detected (N = 209, 16.2%) compared to screen-detected 
breast cancers (N = 206, 7.7%). The mean time to breast 
cancer death was longer for screen-detected (9.6 years) com-
pared to symptom-detected (8.4 years) cancers.

Overall, screen-detected cancers displayed clinical fea-
tures with better prognostic characteristics compared to 
symptom-detected cancers. A greater proportion of screen-
detected cancers were < 2 cm, localized stage, either grade 
1 or 2, had no lymph node involvement and were ER+ or 
PR+ compared with symptom-detected cancers (Table 1). 
Mastectomy and chemotherapy were more frequent among 
women with symptom-detected cancer, while radiation ther-
apy was more frequent among women with screen-detected 
breast cancer.

Mode of detection and breast cancer‑specific 
mortality overall and by follow‑up time

Over the full follow-up period, age-adjusted mortality rates 
were higher for symptom-detected cancers compared to 
screen-detected cancers (14.6 vs. 6.6 per 1000 person-years). 
After adjusting for known prognostic factors, symptom-
detected breast cancer was associated with a 40% higher risk 
of breast cancer death compared to screen-detected cancers 
(Table 2).

Over the follow-up time, the association between mode 
of detection and breast cancer-specific survival varied, as 
shown by visual inspection of the survival curve (Fig. 1) and 
statistical significance of the exposure*time interaction vari-
able (P = 0.007), violating the proportional hazards assump-
tion. Based on visual inspection of the survival curves 
(Fig. 1), the slope of the survival curve among the symp-
tom-detected cases changes around 5 years post diagnosis. 
Age-adjusted mortality rates were still higher for symptom-
detected cancers compared to screen-detected cancers, but 
their relative proportions were 3.68-fold different (12.8 vs. 
3.2, respectively) in the first 5 years of follow-up after diag-
nosis, whereas the relative proportion was far less in the 
subsequent follow-up (1.60-fold, 15.5 vs. 9.7, respectively). 
In analyses dividing follow-up time into two periods, mode 

of detection was associated with higher risk of death from 
breast cancer during the first 5-year period post diagnosis 
(HR≤5 = 1.88, 95% CI 1.21–2.91), though the association 
was slightly attenuated afterwards (HR>5 = 1.26, 95% CI 
0.98–1.63; P for difference between time periods = 0.13).

Mode of detection and breast cancer‑specific 
mortality stratified on tumor characteristics

In analyses stratified by tumor characteristics, the age-
adjusted mortality rates were consistently higher in women 
diagnosed with symptom-detected, compared to screen-
detected, cancers (Table  3). In multivariable-adjusted 
models, HRs ranged from 1.24 to 1.56 over the full fol-
low-up period. Statistically significant associations were 
observed only among women with tumors that were ≥ 2 cm 
(HR = 1.56, 95% CI 1.07–2.26) or grade 1 or 2 (HR = 1.48, 
95% CI 1.07–2.04) (Table 3); however, differences by tumor 
characteristics were not statistically significant (P for tumor 
heterogeneity ≥ 0.48).

Hazard ratios for symptom detection were elevated dur-
ing ≤ 5 years of follow-up (HR range: 1.30–2.72) but were 
only significant for women with tumors < 2 cm (HR = 2.42, 
95% CI 1.19–4.93) and for women with grade 1 or 2 tumors 
(HR = 2.72, 95% CI 1.33–5.57; Table 3). Though HRs were 
slightly elevated (HR range>5: 1.10–1.89), symptom detec-
tion was not statistically significantly associated with breast 
cancer-specific mortality in the later follow-up period within 
any tumor characteristic stratum. There were no differences 
in effect measures observed by follow-up time period (P for 
period heterogeneity ≥ 0.06) or tumor characteristics (P for 
tumor heterogeneity ≥ 0.25).

As a sensitivity analysis (Supplemental Table 1), we 
restricted women who reported screening during every 
survey period (N = 2481) and found associations of simi-
lar magnitude and direction to those presented for the main 
analysis (Tables 2 and 3), although precision of the estimates 
was reduced.

Discussion

In our analysis of screened breast cancer survivors in the 
CPS-II Nutrition Cohort, we found that women diagnosed 
with symptom-detected cancers had an increased risk of 
breast cancer death within the first 5 years of diagnosis, 
although this association was attenuated after 5 years of 
follow-up. While we did not observe statistically significant 
differences by tumor characteristics, this pattern of higher 
breast cancer mortality in the first 5 years of follow-up but 
not the subsequent follow-up was limited to the tumors with 
more favorable prognostic factors.



Table 1   Characteristics by mode of detection, Cancer Prevention Study-II Nutrition Cohort (N = 3975)

Screen-detected (N = 2686) Symptom-
detected 
(N = 1289)

Mean (std) Mean (std)

Age at diagnosis, years 70.9 (7.27) 69.9 (8.12)
Follow-up time, years 12.2 (5.82) 12.5 (6.44)
Time to breast cancer death, years 9.6 (4.9) 8.4 (5.3)

N (%) N (%)

Breast cancer death
 No 2480 (92.3) 1080 (83.8)
 Yes 206 (7.7) 209 (16.2)

Tumor size
 < 2 cm 2072 (77.1) 686 (53.2)
 ≥ 2 cm 446 (16.6) 507 (39.3)
 Missing 168 (6.3) 96 (7.4)

Stage
 Localized 2257 (84) 860 (66.8)
 Regional 408 (15.2) 420 (32.6)
 Missing 21 (0.8) 9 (0.7)

Grade
 Grade 1–well differentiated 736 (27.4) 218 (16.9)
 Grade 2–moderately differentiated 1060 (39.4) 482 (37.4)
 Grade 3–poorly differentiated 495 (18.4) 358 (27.8)
 Grade 4–undifferentiated, anaplastic 15 (0.6) 22 (1.7)
 Missing 380 (14.1) 209 (16.2)

Lymph node involvement
 No 1625 (60.5) 691 (53.6)
 Yes 429 (16) 348 (27)
 Missing 632 (23.5) 250 (19.4)

Histology
 Ductal 1893 (70.5) 856 (66.4)
 Lobular 306 (11.4) 206 (16)
 Other 487 (18.1) 227 (17.6)

ER-receptor status
 Positive 2008 (74.8) 893 (69.3)
 Negative 258 (9.6) 176 (13.7)
 Missing 420 (15.7) 220 (17.4)

PR-receptor status
 Positive 1661 (61.8) 719 (55.8)
 Negative 529 (19.6) 307 (23.8)
 Missing 496 (18.5) 263 (20.8)

HER2-receptor status
 Positive 153 (5.7) 83 (6.4)
 Negative 1089 (40.5) 421 (32.7)
 Missing 1444 (53.9) 783 (61.8)

Surgery
 None 5 (0.2) 7 (0.5)
 Mastectomy 784 (29.2) 629 (48.8)
 Breast conserving surgery 1875 (69.8) 638 (49.5)
 Missing 22 (0.8) 15 (1.2)



Our reported association of mode of detection with breast 
cancer mortality for up to 24 years of follow-up time falls 

within the range of those reported in prior studies (HR range: 
1.31–2.00), which had median follow-up time ranging from 

Table 1   (continued)

N (%) N (%)

Chemotherapy
 No 1891 (70.4) 699 (54.2)
 Yes 517 (19.2) 475 (36.9)
 Missing 278 (10.3) 115 (8.9)

Radiation
 No 845 (31.5) 506 (39.3)
 Yes 1773 (66) 736 (57.1)
 Missing 68 (2.5) 47 (3.6)

Comorbidities
 0 128 (4.8) 108 (8.4)
 1 257 (9.6) 140 (10.9)
 ≥ 2 1760 (65.5) 752 (58.3)
 Missing 541 (20.1) 289 (22.4)

Mammography use
 Regular routine 1753 (65.3) 728 (56.5)
 Irregular routine 933 (34.7) 561 (43.5)

Weight change from age 18 to baseline
 ≤ − 6 lbs 145 (5.4) 99 (7.8)
− 5–5 lbs 179 (6.7) 124 (9.8)
6–20 lbs 519 (19.3) 284 (22.4)
21–40 lbs 803 (29.9) 359 (28.3)
41–60 lbs 502 (18.7) 171 (13.5)
61+ lbs 395 (14.7) 155 (12)
Missing 143 (5.3) 77 (6)

Table 2   Association between symptom-detected versus screen-detected cancers and risk of breast-cancer-specific mortality stratified on follow-
up time, Cancer Prevention Study-II Nutrition Cohort (N = 3975)

HR hazards ratio
a Adjusted for age at diagnosis, tumor size, estrogen receptor status, stage, grade, progesterone receptor status, surgery, receipt of chemotherapy, 
comorbidities, and weight change from age 18
b P for period heterogeneity for HR≤5years versus HR>5years

No. of deaths Age-adjusted rate (per 1000 
person-years)

Age-adjusted HR Multivariable-adjusted HRa

Follow-up time period
 Overall
  Screen-detected 206 6.6 1.00 1.00
  Symptom-detected 209 14.6 2.03 (1.67–2.48) 1.40 (1.13–1.75)

 Stratified
  ≤ 5
    Screen-detected 41 3.2 1.00 1.00
    Symptom-detected 71 12.8 3.70 (2.50–5.44) 1.88 (1.21–2.91)

> 5
    Screen-detected 165 9.7 1.00 1.00
    Symptom-detected 138 15.5 1.64 (1.30–2.06) 1.26 (0.98–1.63)

 P for period heterogeneity by stratified follow-up timeb 0.13



3.2 to 16 years [7, 8, 12, 14, 19, 20, 23]. The range of HRs 
from prior studies might be due, in part, to possible attenu-
ation of the association years after diagnosis. Our results 
suggest that other clinical factors may be more important 
when predicting breast cancer survival 5 years post diag-
nosis. Although we did not find significant differences in 
the prognostic ability of mode of detection by time period, 
a better understanding of prognostic factors for short- and 
long-term survivals is important given the increasing num-
ber of breast cancer survivors who might potentially benefit 
from a more personalized follow-up regimen [24].

We did not observe significant heterogeneity by tumor 
characteristics, which is consistent with three studies that 
showed that the higher risk of death from breast cancer 
associated with non-screen-detected cancer was similar for 
ER+ and ER- tumors [7], lymph node-positive and lymph 
node-negative cancers [20], as well as small and large 
tumors [19, 20]. Unfortunately, these three previous studies 
[7, 19, 20] did not rigorously test difference by tumor char-
acteristics, and only two of these studies presented stratified 
multivariable-adjusted results [7, 20]. Additional research 
in screened, well-characterized populations is needed to 
better understand the independent contribution of mode of 
detection in association with mortality by known prognostic 
factors.

Most studies have found a survival benefit for screen-
detected cancers even after adjusting for clinical prognos-
tic features, such as tumor size and stage [19, 20, 25, 26], 
and/or treatment [13–15, 20], suggesting mode of detection 
may be an independent prognostic factor or a surrogate for 
unmeasured tumor characteristics. In our study, controlling 
for established prognostic factors attenuated our findings, 
particularly for the association with mode of detection in 
the first 5 years after diagnosis, although the association 
remained statistically significant. Further, most previous 
studies that compared mortality of symptom-detected and 
screen-detected breast cancers are limited by sparse lifestyle 
data [6–17, 19, 20, 23, 25] which may confound associa-
tions. The CPS-II Nutrition Cohort allowed us to examine 

several potential confounders, although the majority were 
not included in the final model. While our study was not 
conducted within a screening trial, sensitivity of mammog-
raphy-history reporting is high, [27] and we had detailed 
self-reported biennial information on screening history. With 
these data, we limited bias in our main analysis by restricting 
the analytic sample to women who reported screening during 
the interval in which they were diagnosed with cancer. This 
approach allowed us to define a target population of screened 
women, and maximize “true” interval cancers in our symp-
tom-detected category. The proportion of symptom-detected 
cancers in our study (32%), based on the roughly biennial 
screening routine captured by surveys, is comparable to the 
interval cancer rate from a large screening cohort [3] as it is 
roughly double the rate (15%) calculated from populations 
that screened annually. We had further assurance that screen-
ing patterns had little to no influence on our observed results 
based on our sensitivity analysis restricted to women who 
indicated screen adherence at all surveys prior to diagno-
sis [28]. We found associations with survival were slightly 
stronger than those observed in the full data set, supporting 
our main results.

Our study population included older women (average age 
was 70 years at diagnosis), older birth cohorts (1914–1951), 
and mostly higher socio-economic (SES) status and self-
described white women [21], which might limit the general-
izability of our results. Approximately 25% of breast cancer 
cases did not complete the follow-up survey sent to women 
with self-reported breast cancer and were therefore excluded 
due to missing mode of detection data. These women had 
a higher breast cancer mortality rate compared to women 
in the analytic set (28% vs. 10%), suggesting that our ana-
lytic set was enriched for cancers with a better prognosis. 
Furthermore, associations between mode of detection and 
breast cancer-specific mortality may differ by age and race. 
Indeed, higher risk of interval/symptom-detected breast can-
cers are associated with both younger age (age < 50 years) 
[15, 29–34], in part to increased mammographic screening 
sensitivity with age [35, 36], and non-white racial and low 

Fig. 1   Breast cancer-specific survival for survival a) up to 24 years post diagnosis, b) 0–5 years post diagnosis, b) > 5 years post diagnosis, Can-
cer Prevention Study-II Nutrition Cohort
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SES groups [37, 38]. We were unable to account for mam-
mographic density in our study, yet high mammographic 
density is associated with both false-negative screens [39] 
and increased breast cancer risk [40], but not survival [41]. 
Moreover, the relevance of mammographic density data to 
our analysis is unclear as studies evaluating the relation-
ship between mammographic density, mode of detection, 
and breast cancer death show conflicting associations [42, 
43]. We addressed lead time and length time by limiting 
our study population to women who reported screening 
mammography before diagnosis, adjusting for stage, and 
stratifying by ER status and tumor size, although other fac-
tors might have biased our results. Nevertheless, our results 
represent the lower bound of the range of possible associa-
tions between mode of detection and breast cancer-specific 
mortality in regularly screened women.

Our research shows that screen detection is a powerful 
prognostic factor for short-term survival even for routinely 
screened women and cases with good-prognosis tumors in 
the first 5 years after diagnosis. Building upon this research, 
future studies should confirm these findings using bet-
ter characterized breast cancer subtypes such as intrinsic 
subtypes or the new American Joint Committee on Can-
cer (AJCC) prognostic stage groups [44]. However, as new 
screening modalities with improved sensitivity become more 
widely available, mode of detection may contribute less to 
survival differences. Regardless, our results suggest the util-
ity of incorporating mode of detection in the development 
and implementation of risk-stratified survivorship care [45].
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