Supplemental Materials
Stage IV versus distant stage definitions
MBC was defined as stage IV using the SEER  adjusted American Joint Committee on Cancer (AJCC) 6th edition staging classification (1). This stage definition uses extent of disease (EOD) information for cases diagnosed in 1988-2003 and collaborative staging (CS) from cases diagnosed in 2004-2012 collapsed into the same AJCC 6th edition definition. The AJCC 6 stage IV definition was used because it only includes tumor in which one or more distant metastasis are identified. Stage IV from previous AJCC editions as well as distant stage from SEER historical summary staging classification include some locally advanced diagnosis without distant metastasis. For example, tumors with positive supraclavicular lymph nodes involvement without distant metastasis were classified as stage IV in previous AJCC editions and as distant in SEER historical summary stage. SEER historical summary stage also classifies inflammatory carcinomas, including diffuse (beyond that directly overlying the tumor) dermal lymphatic permeation or infiltration as distant disease. The Summary stage 2000 http://seer.cancer.gov/tools/ssm/breast_femgen.pdf, a summary stage variable used for cases diagnosed January 1, 2001 and forward, classifies both of those diagnoses, involvement of supraclavicular lymph nodes and inflammatory carcinoma as regional disease being in more alignment with AJCC 6th ed. stage IV. In current practice, a negative clinical history and examination are deemed sufficient to designate a case as having no distant metastasis; extensive imaging or other testing is not required. 
Modeling survival time from de novo stage IV BC to cancer death
To extrapolate survival beyond the observed data, as required by the back-calculation method, we fit mixture cure survival models to MBC relative survival data. The mixture cure survival model assumes that a proportion of cancer patients is cured from cancer and dies from other causes with rates similar to the general population while the remaining patients will die following a Weibull survival distribution. Even though most stage IV BC patients die of their cancer, this model is used because it allows for a better modeling of long term survivors and a better extrapolation of survival beyond the observed data. The relative survival data is calculated for breast cancer cases diagnosed with stage IV between years 1992 and 2012 in the SEER-11 areas and age at diagnosis is grouped in 5 year intervals 15-49, 45-64, 65-74, 75-84, 85-99 and year at diagnosis 3 year overlapping average groupings (1992-1994, 1993-1995, ….,2010-2012) to estimate trends in survival. We fit a separate model to each of the 5 age groups (15-49, 45-64, 65-74, 75-84, 85-99) and used calendar as covariate in the model.  Thus, if for each age group [image: ]is the relative survival to time [image: ] then the mixture cure model is specified as

				[1]


where is the fraction cured, is a Weibull survival function for those not cured, and [image: ] a hazard ratio that adjusts for trends in survival by year at diagnosis. 
BC mortality by stage at diagnosis to estimate breast cancer deaths attributable to recurrence 
Mortality data obtained from death certificate does not contain information on the tumor diagnosis such as stage. To estimate the proportion of breast cancer deaths originated from women with earlier stage BC we used incidence-based breast cancer mortality rates by stage.  Incidence-based mortality is obtained from linking SEER-9 incidence cases to mortality data, and allows for mortality rates to be analyzed by tumor characteristics (e.g. stage) (2).  Appendix Figure A displays breast cancer mortality rates for women diagnosed with breast cancer by stage in the SEER-9 areas per 100,000. A number of years (burn-out period) is necessary so that the rates stabilizes and can be analyzed. For example, Figure A shows that breast cancer incidence-based mortality rates are very low in 1975 since it only includes deaths for women diagnosed with breast cancer in 1975, it increases as more diagnosis years are added, and is very similar to the US breast cancer mortality rates after 1995. Using this data we estimate that in the most recent years (2010-2012) 20% of BC deaths in a given year originate from women diagnosed with de novo MBC, while 80% are deaths from women diagnosed with earlier stage BC who progressed to recurrent MBC.
The MIAMOD back-calculation method 






Let be age (in years),  be period (calendar year) and   be the birth cohort. Let be the probability of having MBC (MBC prevalence) and  be the probability of being diagnosed with MBC (MBC incidence), the two quantities we are interested in estimating. The MIAMOD method assumes that the incidence function is a parametric age, period and cohort model, given as








where , and are either polynomial functions or restricted cubic splines with tails that are linearly restricted and do not containing a constant term and , and  are the vector of coefficients to be estimated. Due to the collinearity between age, period and cohort, the linear term for period is eliminated.  If a polynomial function is chosen for one of the components the user has to specify the order of the polynomial. For cubic spline function the user has to specify the number and location of knots. 









Without loss of generality consider a birth cohort . We assume that before a breast cancer (BC) death there must be a diagnosis of metastatic breast cancer (MBC) either de novo or recurrence.   The hazard rate of dying of BC, , can be estimated from national mortality statistics as the number of deaths divided by the population respective population. The hazard of dying of BC at age   being diagnosed with MBC at age  ,  , and its associated probability of surviving to age the extra risk of death associated with a MBC diagnosis at age , , can be estimated from cancer registry data and/or epidemiology, cohort studies with MBC information. Because cancer registries in the US do not collect recurrence information, we used an adjustment to the SEER de novo MBC survival based on study that included women diagnosed with recurrent and de novo MBC (3). For individuals born in year , the MIAMOD(4, 5) specifies two equations relating  incidence,  prevalence, mortality and survival(4),
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The first equation defines the probability of dying of BC at age  as being MBC-free and progressing to a MBC diagnosis at age ,  surviving  from age  to age and then dying at age , summing for ages between 0 and . The second equation specifies prevalence at age  in a similar way. From these two equations it is possible to write the mortality rate as a function of the parameters to be estimated. Thus by assuming that the observed number of BC deaths,  follows a Poisson distribution with mean  where is the US female population size in year   and age ,  we can estimate the coefficients   and its standard errors from the MIAMOD program. The order of the polynomials or the location and number of spline knots that best fit the data can be found in a systematic way, similar to backward or forward regression procedure, by fitting models with different incidence functions and using the log-likelihood ratio test.  Once the incidence parameters are estimated, prevalence is directly calculated from the incidence function and survival, using equation [2]. Projections of prevalence beyond the last year of data, 2013, are based on the assumptions that incidence and relative survival levels are the same as the one estimated in the last year with data. 
Calibration of the back-calculation method 
In order to calibrate the back-calculation method to data inconsistencies, such as multiple tumors, deaths misclassification and underreporting, we compared the prevalence of de novo MBC in the SEER-9 areas obtained from the MIAMOD and counting methods. 
The prevalence of de novo MBC is calculated using the counting method. The method counts all women alive at 1/1/2013 with a previous diagnosis of stage IV breast cancer (1988-2012) in the SEER-9 areas (6, 7). The method also estimates the probability of cases lost to follow-up to survive to the prevalence date by using overall survival of similar cases. 
To estimate prevalence of de novo MBC using the backcalculation method we used the incidence-based mortality database and extracted all breast cancer deaths (1995-2013) of women diagnosed de novo stage IV breast cancer in the SEER-9 areas from 1988 onwards.   Survival is the modeled de novo SEER stage IV survival, since we are only including breast cancer deaths from women diagnosed with de novo stage IV.  The counting method estimates that the prevalence of de novo MBC in the SEER-9 areas is 3,498 at 1/1/2013. Prevalence of de novo MBC from the back-calculation method was 3,127 and found to be 11% lower. This type of underestimation has been reported elsewhere (8) and may be due to misclassification of deaths (deaths attributed to the metastasis site), or difficulties in determining cause of death for people with multiple tumors.  After adjusting survival by a factor of 0.92=exp(-0.08) , where prevalence of de novo stage IV was 3,488. 
Thus the final survival from MBC including de novo and recurrence is 


Figures B1 and B2 in the appendix compare the incidence and prevalence estimates from MIAMOD with the reported incidence and prevalence at the SEER-9 areas. 
Trends in age-adjusted breast cancer incidence by stage at diagnosis
In order to provide some insight in survival trends for de novo stage IV BC we looked at age-adjusted breast cancer incidence rates trends by age and by stage. We selected cases diagnosed with breast cancer in the SEER-11 areas between 1992 and 2012. We used the Adjusted AJCC 6th Stage (1988+)	    http://seer.cancer.gov/seerstat/variables/seer/ajcc-stage/6th.  We selected malignant breast cancers, women with known age at diagnosis, and first matching record for each person. For women diagnosed with stage IV breast cancer we further stratified by age groups. We fit Joinpoint models to age-adjusted rates incidence trends to estimate years at which trends changed (9, 10). Figure C1 shows that age-adjusted incidence trends for BC stage II are increasing while for stage II and unstaged are decreasing in the most recent years. Figure C2 shows that age-adjusted incidence rates of women diagnosed with stage IV breast cancer in SEER-11 areas are increasing for all age groups but more significantly for younger women diagnosed at ages 15-49 years. 

Supplemental Figure 1. Age-adjusted SEER incidence-based (IB) mortality rates for cases diagnosed in the SEER-9 areas between 1975-2012 by stage at diagnosis. These rates are calculated using breast cancer deaths among women with a breast cancer diagnosis reported to SEER-9 registries, the denominator being the female SEER-9 population. The black curve represents US breast cancer mortality rates. Since the IB mortality rates are composed of deaths among cases diagnosed in previous years, the rates require a long series of incidence data. In this example, the SEER-9 IB breast cancer mortality mimics the US breast cancer mortality only after 1995. 
[image: ]


Supplemental Figure 2.  Results from the calibration of the MIAMOD method. Comparison of observed and estimated (MIAMOD) prevalence counts of de novo stage IV breast cancer in the SEER-9 areas at 1/1/2013 by age. Observed are directly calculated, by counting all women alive at 31st, December 2012 with a previous (1988-2012) diagnosis of stage IV breast cancer in the SEER-9 areas and represent 25-year limited duration prevalence. 


Supplemental Figure 3. Comparison of observed and estimated (MIAMOD) new incidence cases of de novo stage IV breast cancer in the SEER-9 areas in 2012 by age. Observed are stage IV breast cancer cases reported to SEER-9 registries in 2012. 


 

 
Supplemental Figure 4. Trend in age-adjusted incidence rates of women diagnosed with stage IV breast cancer in SEER-11 areas by age group.
[image: ]


[bookmark: _GoBack]Supplemental Figure 5. Trend in breast cancer age-adjusted incidence rates in SEER-11 areas by stage.
[image: ]
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Observed (N=3,498)	
15-29	30-39	40-49	50-59	60-69	70-79	80+	17	137	445	830	985	648	436	Miamod  (N=3,523)	
15-29	30-39	40-49	50-59	60-69	70-79	80+	13.690000000000001	119.08	406.71000000000004	837.55	988.74	648.63000000000011	508.63000000000005	Age at prevalence date (1/1/2013)  

Number of Women



Observed  (N=1,168)	
0-39	40-49	50-59	60-69	70-79	80+	71	130	278	289	224	176	MIAMOD (N=1,080)	
0-39	40-49	50-59	60-69	70-79	80+	57.19	132.85	267.21999999999997	286.93	179.34	156.69	Age

Number of Women
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