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Abstract

Background—It is not known to what extent improvement over time in breast cancer survival is 

related to earlier detection by mammography or to more effective treatments.

Methods—At our comprehensive cancer care center we conducted a retrospective cohort study of 

women ages 50–69 years diagnosed with invasive stage I–III breast cancer and followed over three 

time periods: 1990–1994, 1995–1999 and 2000–2007. Data was chart abstracted on detection 

method, diagnosis, treatment, and follow up for vital status in our breast cancer registry (n=2998). 

Method of detection was categorized as patient or physician (Pt/PhysD) or mammography 

detected (MamD). Cox proportional hazards models to estimate adjusted hazard ratios (HR) and 

95% confidence intervals (CI) for five year disease specific survival (DSS) in relation to detection 

method and treatment factors, testing for differences in survival using the Kaplan-Meier method.

Results—58% of cases were MamD and 42% were Pt/PhysD with 56% stage I, 31% stage II and 

13% stage III. Average length of follow up was 10.71 years. Combined five year DSS was 89% 

1990–94, 94% 1995–99, and 96% in 2000–2007 (p<.001). In an adjusted model, mammography 

detection (HR=0.43, 95% CI 0.27–0.70), hormone therapy (HR=0.47, 95% CI 0.30–0.75), and 

taxane-containing chemotherapy (HR=0.61, 95% CI 0.37–0.99) were significantly associated with 

a decreased risk of disease-specific mortality

Conclusions—Better breast cancer survival over time is related to mammography detection, 

hormonal therapy and taxane-containing chemotherapy treatment. Treatment improvements alone 

are not sufficient to explain the observed survival improvements over time.
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Introduction

Survival following a diagnosis of breast cancer has improved dramatically in the past 20 

years with the development of early diagnosis tools and new treatment regimens. Between 

1990 and 2010, there has been a 34% decrease in breast cancer mortality among women in 

the United States1. Modeling studies have indicated both screening mammography and 

treatment contribute to the survival improvement observed2, 3. However, international debate 

regarding the relative contribution of mammography screening programs versus treatment 

improvements to increased survival are ongoing4, 5, 6, 7. As no evidence exists to suggest a 

change in the biologic nature of breast cancer during this time period, it is important to 

examine how much improvement in primary breast cancer outcomes result from early 

diagnosis and treatment improvement.

In the United States breast cancer screening is largely opportunity based and dependent upon 

women and their physicians following published guidelines and recommendations. For the 

past twenty years guidelines have consistently recommended women age 50 and over have 

annual mammograms8, 9. In this situation a registry based study including both method of 

detection and treatment and validated by comparison to national statistics is an available 

method to evaluate factors influencing survival improvement over time10. In this study we 

evaluate factors related to breast cancer specific survival over time among breast cancer 

patients age 50–69 years at our comprehensive community cancer center to test the relative 

effect of breast cancer detection method and treatment adjusting for factors known to be 

related to survival.

Methods

Our institution is a comprehensive community cancer program that follows National 

Comprehensive Cancer Network (NCCN) clinical practice guidelines11. From our 

institutional breast cancer registry cohort we identified stage I – III patients age 50–69, 

1990–2007 (n=2998). Cases with unknown detection method (n=51), non-surgical cases 

(n=2) or lost to follow up (n=2) were excluded. We confined our study to women age 50–69 

years as this age group has had consistent USPSTF recommendations for screening over the 

study time period 12.

The breast cancer clinical data base registry is for all breast cancer patients seen at our 

institution with detailed information on method of diagnosis, patient characteristics, stage at 

diagnosis and follow up for disease and mortality outcomes. Clinical presentation 

characteristics including age, race, stage, and method of detection by patient (PtD), 

physician (PhysD) or mammography (MamD) were chart abstracted at time of diagnosis13.

Registry follow up is updated annually by a certified cancer registrar with information on 

recurrence, subsequent treatment and vital status, current through 2012. Vital and disease 

status information is obtained from chart review if the patient is still seen at our institution or 

through physician-directed follow up letter if follow up care is provided elsewhere. Patients 

not under the care of a managing physician are contacted by mail using an institutional 

review board (IRB) approved letter from their diagnosing physician. If no response is 
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received, the institution’s cancer registry and the Surveillance Epidemiology and End 

Results (SEER) Seattle-Puget Sound Registry are reviewed for patient’s vital and disease 

status14.

IRB approved methods were used for patient data input and registry data are stored in a 

password protected HIPAA-compliant database. Analyses were conducted using de-

identified data as per IRB and HIPAA guidelines. This project was reviewed and approved 

by the IRB at our community based regional cancer center.

Initial breast cancer (BC) detection method information was obtained by careful review of 

patient medical records by a certified cancer registrar. The three detection methods were 

mammography (MamD), physician exam (PhysD) or patient detection (PtD). A 

mammography-detected breast cancer refers to disease discovered by routine mammography 

in the absence of complaints or known physical findings or as a repeat mammogram to 

verify a previous equivocal mammography finding. Patient detection was assigned if the 

patient presented with personally detected breast symptoms, such as a palpable lump, pain, 

swelling, nipple discharge, or bleeding which prompted her to schedule a doctor visit. 

Patients with self-detected tumors may have subsequently had a mammogram or ultrasound 

done but would still be labeled as a patient-detected breast cancer. Physician detection is 

defined as initiation of work up for breast cancer by physical findings discovered by the 

physician at routine visit or visit for other problems. The detection method designation was 

only made when it was certain from the record. If the detection method was ambiguous or 

incomplete, the tumor detection method was marked as unknown and these patients were 

excluded from the analysis. Manually detected breast cancer, by the patient or physician, 

was combined into one group for the analysis.

We examined the distribution of variables to ensure they met the assumptions of the 

statistical tests employed and then compared breast cancer presentation and treatment 

characteristics by diagnosis year. Differences were assessed using the Pearson Chi-square 

test for categorical variables and analysis of variance for mean comparisons in SPSS version 

21.015. The Kaplan-Meier method was used to estimate survival curves from breast cancer 

diagnosis. All P values are two-tailed.

To test treatment and detection method effect on five year invasive breast cancer specific 

survival (stage I–III), we used Cox regression analysis with breast cancer specific death as 

the outcome for disease specific survival (DSS). Our institutional cohort for the survival 

analysis was truncated at diagnosis year 2007 to allow for a minimum five years follow up 

through 2012 for mortality. Multivariate adjusted hazard ratios (HR) and 95% confidence 

intervals were estimated using Cox proportional hazards models to assess whether 

treatments and detection methods were associated with disease-specific survival. We 

modeled time from the incident breast cancer (time scale) with a left truncation of 90 days 

post-surgery (at risk date) to survival at 5 years as a function of exposure to chemotherapy 

and detection methods. All models were adjusted for confounders selected a priori, 
including age (50–59, 60–64, 65–69 years), tumor stage (I, II, III), diagnosis year (1990–

1994, 1995–1999, 2000–2007), race (white, non-white), estrogen receptor status (negative, 

positive), radiotherapy (yes/no), adjuvant chemotherapy (yes/no), anthracycline 
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chemotherapy, taxane chemotherapy and hormone therapy (yes/no) as categorical variables. 

From 1999–2007 14% of her2-neu tested patients were positive (282/2039) and of those 

41% were treated with trastuzumab (117/282). Due to the recency of her2/neu testing and 

the low number treated, her2/neu and trastuzumab treatment were not included in the model 

as the estimates were unstable.

Proportional hazards assumptions were evaluated by testing the interaction between 

treatments and detection methods and the logarithm of follow-up time. There was no 

evidence suggesting a violation of the proportional hazards assumptions for all exposure-

outcome pairs. Cox proportional hazard analyses were performed using Stata IC 1316.

We describe disease specific survival in our cohort using detailed registry-based information 

on disease-specific cause of death. We also report the relative survival from the Seattle-Puget 

Sound Cancer Surveillance System (CSS) for years 1990–2005 for comparison purposes17. 

CSS is a population-based Surveillance, Epidemiology and End Results (SEER) Program 

cancer registry18. Cancer survival reported by the SEER registry is approximated using 

relative survival, the ratio of the proportion of observed survivors (all causes of death) at 5 

years of women diagnosed with breast cancer to the proportion of expected survivors in a 

cancer-free cohort calculated using survival life tables, assuming that cancer deaths are a 

negligible proportion of all deaths in the overall age-standardized population19, 20.

Results

Our cohort consisted of 2998 primary breast cancer patients age 50–69 (mean age 58.50) 

diagnosed between 1990 and 2007. Patients were predominantly white race with 58% of 

cases MamD and 42% Pt/PhysD (table 1). 56% were stage I, 31% stage II and 13% stage III. 

The majority of patients were estrogen receptor positive (83%) and the majority of those 

patients received hormone therapy (84%). Fifty percent of patients received adjuvant 

chemotherapy with 35% of those receiving chemotherapy getting an anthracycline 

containing regimen and 21% receiving a taxane containing regimen. Of patients receiving a 

non anthracycline chemotherapy treatment regimen, 17% received taxane therapy (n=84). 

Fifty two percent of patients (n=1044) had anthracycline or taxane therapy with 52% 

(n=548) receiving both. Forty nine percent of patients did not receive chemotherapy 

treatment (n=1458). Average length of follow up was 10.71 years, range 2 to 23 years with 

14,524 person years of follow up.

We compared the five year disease specific survival for our patient cohort (n=2998) and the 

SEER Puget Sound Seattle area five year relative survival from 1990–2005 (n= 16,199) for 

stage I–III breast cancer patients (figure 1). Statistically significant improvement occurred 

over time for both populations with time periods 1990–1994, 1995–1999 and 2000–2005 

distinctively different. Based on the observed survival improvement over time we divided 

diagnosis year in our cohort into three time intervals 1990–1994, 1995–1999 and 2000–

2007. The breast cancer specific survival (BCSS) for these three time periods in our cohort 

were statistically significantly different with five year DSS = 91% for 1990–1994, 96% for 

1995–1999, and 97% for 2000–2007 (log rank test = 25.50, p<.001).
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Statistically significant changes over time were observed for presentation, diagnostic and 

treatment variables (table 1). The cohort composition trended towards younger age, more 

non-white, and more mammography detection, hormone treatment, and chemotherapy 

treatment including increased anthracyline and taxane adjuvant therapy over other now non-

standard therapies (p<.001 for each). Mammography detection increased from 52% of cases 

in 1990–94 to 61% in 2000–07. Over time treatment with hormone therapy increased 11%, 

chemotherapy treatment increased 15% and anthracycline treatment increased 18%. 

Adjuvant chemotherapy with taxane containing regimens did not begin until 1994. In the 

two time periods after 1994, taxane treatment increased 24% from 30% of chemotherapy 

treated patients in 1995–99 to 54% in 2000–07.

In Cox regression analysis we tested for the effect of detection method and treatment 

adjusted for age, race, diagnosis year (3 category), TNM stage, and ER status. Compared to 

women diagnosed with invasive BC in 1990–94, women diagnosed in later time intervals 

had significantly lower risk of five year mortality (1995–99 (HR=0.51, 95% CI 0.31–0.83), 

2000–07 (HR=0.38, 95% CI, 0.24–0.62) P-trend <.001). Treatment variables included in the 

model were chemotherapy (yes/no), anthracycline therapy, taxane therapy, radiation, and 

hormone therapy (table 2). Detection method, taxane treatment and hormone therapy were 

all associated with improved invasive disease specific survival. By detection method, women 

with mammography detected breast cancer had significantly decreased risk of five-year 

disease specific death (HR=0.43, 95% CI, 0.27–0.70). Hormone therapy treatment and 

taxane containing therapy treatment were both associated with significant reduction in breast 

cancer mortality (hormone therapy: HR=0.47, 95% CI 0.30–0.75, taxane containing therapy: 

HR=0.61, 95% CI 0.37–0.99).

In an analysis of DSS by different presenting diagnostic characteristic categories we 

observed statistically significant change over time for patients in both detection method 

categories, MammD and Pt/PhysD, in each breast cancer stage, I–III, and in both estrogen 

receptor positive and negative tumor status patients (figures 2–4). For MammD and Pt/

PhysD breast cancer patients from 1990–1994 to 2000–2007 there was a 9% improvement in 

DSS for the Pt/PhysD patients [84% to 93%, log rank test = 14.43, p <.001] and 2% 

improvement for mammography detected patients [97% to 99%, log rank test = 4.55, p = .

033] (figure 2). The largest improvement over time in survival by stage was among stage III 

patients [stage I: 1990–94= 97%, 2000–07 = 99%, p = .031; stage II: 1990–94 = 95%, 2000–

07 = 97%, p = .055; stage III: 1990–94 = 64%, 2000–07 = 84%, p = .018] (figure 3). The 

largest improvement over time in DSS by estrogen receptor status was among the estrogen 

receptor negative patients [ER positive: 1990–94 = 94%, 2000–07 = 99%, p<.001; ER 

negative: 1990–94 = 77%, 2000–2007 = 88%, p = .045] (figure 4).

Discussion

In our institutional cohort study of primary invasive breast cancer patients age 50–69 years 

we found both method of detection and changes in treatment were significant predictors of 

better five year disease specific survival in all time periods studied. Mammography detection 

was associated with the largest decrease in risk of breast cancer mortality (57%) with a 

similar but smaller reduction associated with hormone therapy (53%) and taxane treatment 
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(39%). Correcting for stage at diagnosis, age, year diagnosed, radiation treatment and 

estrogen receptor status, we also found hormone therapy and to a lesser degree taxane 

therapy to be associated with better survival over time. Women diagnosed and treated in the 

most recent time period had the best survival. Our institutional cohort exhibited similar five 

year disease specific survival improvement as reported nationally and by direct comparison 

to the Seattle-Puget Sound population for the same time period. As both treatment and 

detection influenced disease specific survival over time, some of the improvement could be 

attributed to the simultaneous improvement of early detection with mammography and 

improved treatment of the earlier detected disease.

With regard to treatment effects, the two major changes that have occurred over this time 

period were the introduction of taxane adjuvant therapy and the standardized acceptance of 

adjuvant hormone treatment for estrogen receptor positive disease21, 22, 23, 24. The 

introduction of hormonal therapy and to a lesser extent taxane treatment appear to have had 

a significant favorable impact on survival as indicated by the favorable hazard ratios for 

disease specific mortality (mammography detection HR .43, hormone treatment HR .47, 

taxane treatment HR .61). We did not observe a significant change in outcome by 

anthracyclines during the time period studied, perhaps because they were already in 

widespread use prior to 1990. Five year disease specific survival improved over time for 

mammography and patient/physician detected breast cancers, stage I–III breast cancers and 

estrogen receptor positive and estrogen receptor negative breast cancers. Small 

improvements in survival among the most commonly diagnosed types of breast cancer, 

mammography detected, stage I/II, and estrogen receptor positive, contributed significantly 

to the overall improvement seen over time. Larger improvements in DSS were seen in the 

less common types of breast cancer i.e. patient/physician detected, stage III, and ER 

negative.

Survival improvement was almost equivalent between mammography detection and 

treatment (mammography detection HR .43, hormone treatment HR .47, taxane treatment 

HR .61). Mammography detection’s significant effect in a model corrected for both estrogen 

receptor status and stage may be due to the early detection profile of mammography detected 

breast cancer which includes estrogen receptor positive status, smaller tumor size, absence 

of lymph node involvement, fewer lymph nodes involved if there are positive nodes and 

possibly lower risk tumor biology25, 26, 27.

In the United States breast cancer mortality rates have continuously declined since 1990 but 

we have no organized screening in place to evaluate the effect of mammography screening in 

the U.S.28. Mortality measured by age adjusted years of potential life lost before age 75 

from breast cancer has also dropped significantly from 1980 to 2005 with a total decline of 

43% over 25 years29. Analyzing breast cancer mortality trends, van Schoor et al observed a 

65% difference in the time period 1992–2008 between screened and unscreened women and 

trends in breast cancer mortality in France decreased annually 1990–2005 especially in areas 

where organized screening began in 1989–199130, 31. Pisani et al observed a decline in 3 

year breast cancer mortality from 1982 to 1999 in Yorkshire associated with more favorable 

stage at diagnosis but not associated with systemic therapy32.
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We restricted our study to patients age 50–69, the age group with the most consistent 

screening recommendations over the time period studied12. We also limited the analysis to 

invasive forms of breast cancer to avoid lead time bias which may be introduced with 

inclusion of in situ tumors. We do not have direct measures of improvements in surgical 

techniques or radiation therapy over time but published studies indicate improvements have 

occurred during this time period33, 34. As her-2/neu testing was nascent in 1999 and only 

became standard testing during the latter part of our study, her-2/neu status and trastuzumab 

treatment were not evaluated as factors of influence on survival35. However, the observed 

steady improvement in breast cancer mortality began prior to the regular use of trastuzumab 

in 199936. As approximately 18% of breast cancers demonstrate her-2/neu amplification the 

contribution of trastuzumab therapy would be modest relative to the overall improvement 

observed37, 38. To include the largest possible number of patients affected by improvement 

in both detection and treatment over time we restricted the reporting of our outcome of 

interest to five year DSS.

A limitation of our study is the degree to which the results are representative of the greater 

US population. Our institution is located in an area where the general population has above 

average education with readily available access to high quality care. The county in which 

our institution is located has relatively high access to mammography screening services, and 

more of our population may undergo screening than populations in other areas of the United 

States39. In this regard our cohort may not be representative of the US population at large. 

Although we do not know if patients participated in mammography screening programs, we 

do know from chart review the method by which breast cancers were detected.

In this study we evaluated the impact of treatment change over time on breast cancer 

mortality in a single institution cohort as well the impact of mammography detection 

compared to patient/physician detection. These results indicate improvements in breast 

cancer mortality resulted from improvements in both treatment and early detection by 

mammography with both contributing to the relative change observed over time. The closely 

equivalent association of detection method and treatment effect on disease specific mortality 

indicates treatment does not override the impact of mammography detection on survival. 

Further studies of breast cancer mortality change over time require the evaluation of method 

of breast cancer detection, participation in mammography screening programs and 

treatment. While large, long term randomized trials might answer these questions, it is likely 

that changes in both screening technology and treatment modalities will continue to occur 

too rapidly to make such studies practical. In order to continue to improve outcomes for 

breast cancer patients we will need to continue the development of better treatment options, 

continue promotion of participation in mammography screening programs and develop more 

accurate and sensitive means of detecting disease early in its clinical course.
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Figure 1. 
Five Year Disease Specific Survival 1990–2005: SEER and SCI data
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Figure 2. 
Five Year Disease Specific Survival by Detection Method 1990–2007
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Figure 3. 
Five Year Disease Specific Survival by stage and diagnosis year
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Figure 4. 
Five year Disease Specific Survival by estrogen receptor status and diagnosis year
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Table 2

Risk of five-year breast cancer-specific mortality in relation to breast cancer detection method and treatments 

(n = 2998)

Adjusted HR a (95% CI) p value

Diagnosis Year

 1990–1994 1.0 reference

 1995–1999 0.51 (0.31–0.83) 0.007

 2000–2007 0.38 (0.24–0.62) <0.001

 p-trend b 0.001

Detection Method

 Patient/Physician 1.0 reference

 Mammography 0.43 (0.27–0.70) 0.001

Radiation treatment

 No 1.0 reference

 Yes 0.83 (0.51–1.32) 0.433

Hormone treatment

 No 1.0 reference

 Yes 0.47 (0.30–0.75) 0.002

Chemotherapy

 No 1.0 reference

 Yes 1.39 0.74–2.63 0.311

Anthracyclines

 Non-anthracycline-containing 1.0 reference

 Anthracycline-containing 1.03 (0.66–1.61) 0.895

Taxanes

 Non-taxane-containing 1.0 reference

 Taxane-containing 0.61 (0.37–0.99) 0.050

Abbreviations: HR, hazard ratio; CI, confidence interval

a
Risk estimates adjusted for TNM stage, age, race, and estrogen receptor status

b
p-trend is for HR of diagnosis year as a linear term
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