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ABSTRACT 

 

Purpose:  Produce an improved web-based calculator by using published mathematical models of cancer 

lethality to accurately predict the risk of breast carcinoma death in each of 15 years after diagnosis and the 

impact of various treatment choices. 

Materials and Methods:  The SNAP method of the published binary biological model of cancer 

metastasis uses information on tumor size, nodal status, and other prognostic factors to accurately 

estimate of breast cancer lethality at 15 years after diagnosis.  By combining these 15-year-lethality 

estimates with data on the breast cancer hazard function, breast cancer lethality was estimated at each of 

the 15 years after diagnosis.  A web-based calculator was then created to visualize the estimated lethality 

with and without a range of adjuvant therapy options at any of the 15 years after diagnosis, and 

incorporate conditional survival information for any years survived since diagnosis.  NIH population data 

was used to estimate non-breast-cancer chance of death.  The accuracy of the calculators was tested 

against two large breast carcinoma datasets: 12,327 patients seen at two academic hospitals and 435,694 

patients from the SEER national dataset. 

Results:  The calculators were found to be highly accurate and specific, with ability to stratify patients 

into groups differing by as little as a 2% risk of death and to account for tumor size, nodal status, 

histology, grade, age, and hormone receptor status. 

Conclusion:  Our calculators, available at www.cancermath.net, improve on existing calculators by more 

finely and accurately stratifying patients according to risk of death, and displaying more detailed 

mortality forecasts.



3 
 

INTRODUCTION  

 Weighing the risk versus the benefit of various therapy options in breast cancer requires 

knowledge of the natural history of the disease, especially disease specific death rate and overall survival 

information.  Physicians regularly make such estimates for breast cancer by staging, experience, and 

intuition.  Survival estimates can also be made by the online case-matching tool of the FinProg Study
1
.    

 The most widely used web-tool for estimating the risk of breast carcinoma recurrence and death 

is Adjuvant!Online
2,3

, which sorts patients into risk groups, using data from the SEER national dataset, 

together with data from the metaanalyses of adjuvant therapy
4,5

, to make empirically-based estimates of 

the risk of relapse and mortality.  Adjuvant!Online was the pioneer in the field of cancer web-calculators, 

and its widespread use among practitioners demonstrated the demand for such information
6
.  As such, it 

provided us with the starting point from which we could consider what additional information should be 

available in a second generation of breast carcinoma calculators.  For example, Adjuvant!Online provides 

its measure of lethality only at a single time point (10 years).  Additionally, Adjuvant!Online uses 

relatively coarse groupings, such as treating cancers with 1, 2, or 3 positive nodes as all having the same 

impact on lethality.  Doctors and patients may benefit from information on finer stratifications of risk 

level, as well as data on the risk of death for each and every of the first 15-years after diagnosis, the time 

point necessary to capture the full risk of breast carcinoma death (see Karrison et al.
12

).   

A previously developed mathematical framework, the binary biological model of cancer 

metastasis, captures the features of the lethal and non-lethal spread of cancer cells
8,9,10,11,7

  This 

framework includes a series of linked expressions, the SNAP (Size + Nodes + Prognostic markers) 

method, which can be used to integrate information on tumor size, nodal status, and other prognostic 

factors into an estimate of the risk of cancer death for each patient.
8,9,10

  The SNAP method has proven to 

be remarkably accurate in estimating the risk of breast carcinoma death, as confirmed in multiple 

populations of patients.
10,7

  

Here we describe a set of web-based calculators, available at http://www.cancermath.net, which 

use the SNAP method to estimate the risk of breast carcinoma death, the reduction in life expectancy, and 

the impact that various adjuvant treatment choices can be expected to have on these measures of outcome. 

http://www.cancermath.net/


4 
 

METHODS 

 

Patient data 

The CancerMath calculators were tested on data from two datasets: patients in the SEER national 

dataset diagnosed from 1973-2007 (the SEER dataset); and patients diagnosed at the Massachusetts 

General and Brigham and Womenôs Hospitals from 1968-2007 (the Partners dataset).  For analysis, we 

excluded cases with incomplete nodal or tumor size information, cases diagnosed at autopsy, benign or in 

situ cases, second or subsequent malignancies, cases with tumors larger than 5cm, and cases with 

metastases present at diagnosis.  After exclusions, 435,694 patients remained in the SEER dataset, and 

12,327 patients remained in the Partners dataset.  The Mathematical Methods section below contains 

details on how year of diagnosis was handled, and complete details are in reference 22.   

 

Mathematical methods 

The mathematics driving the calculators, the binary biological model of cancer metastasis, 

includes a series of linked equations, the SNAP method, used to integrate information on tumor size, 

nodal status, and other prognostic factors into an estimate of the risk of cancer death for each patient 

(TABLE I), as well as the NodalSizeOnly Equation, for relating tumor size to node positivity.   

The essential mathematics used by the calculators for calculating cancer lethality is the 

SNAP method
7,10

, which combines information on tumor size, number of positive nodes, and other 

prognostic factors, to provide an estimate of the 15-Year Kaplan-Meier cancer-specific death rate, L 

(TABLE I).
8,9,10,11

  15 years was chosen as the end point as analysis of the hazard function by Karrison et 

al
12

 and ourselves
8
 reveals that while there is a measurable risk of cancer death for at least 15-year after 

diagnosis, by 15 years ~90% of this risk has occurred.   

The central parameter of the SNAP method, Q, was derived as a measure of the probability of the 

lethal spread of a cancer cell from a malignant tumor.
9,8

  The SNAP method uses g parameters, which sit 

next to Q and modify its value, to then adjust the risk for cancer subtypes and patient characteristics such 

as age, ER/PR/Her2 status, histology, and grade on the risk of death (TABLE I).
10

   

The Q parameter can reflect differences in lethality that have occurred over time, as the result of 

changes in treatment.  For example, using the data reported by Marioto et al
13

, we have found that 

between 1975 and 1983 only 10% of breast carcinoma patients received adjuvant therapy, while since 

1987 a relatively constant majority of patients (~80%) received such therapy.
14

  Reflecting these changes, 

before 1983 Q=0.014751, while after 1987 Q=0.010054.  Using the pre-1983 value of Q=0.014751 makes 

it possible to generate an intrinsic underlying risk of death for any given patient in the absence of adjuvant 

therapy.  We can then estimate the risk of death given modern treatments by applying the adjuvant 

therapy reduction in death reported by the metaanalyses,
4,5

 as summarized by Radvin et al.
1,2

  For cases in 

which treatment is unknown or uncertain, the modern value of Q=0.010054 is used to estimate the risk of 

death given the average standard of care since radiation and chemotherapy became widespread. 

After the above methods are used to determine, L, the Kaplan-Meier risk of cancer death after 15 

years, the risk of death for each year after diagnosis is determined by 15 sequential multiplications of L by 

a 15-part step function derived from the normalized breast cancer hazard function.  Since patients with 

more advanced cancers are more likely to die in the years immediately following diagnosis, ten hazard 

functions were computed from the breast carcinoma patients in the SEER dataset, one for each decile of 

predicted 15-year lethality.  After computing a patientôs predicted 15-year lethality, the appropriate 

hazard function and step function are then chosen to determine the likelihood of cancer death in each of 

the 15 years following diagnosis.  These values are then combined with the risk of non-cancer death 

(based on the U.S. National Vital Statistics Reports
15

) to compute the expected cumulative incidence of 

both cancer and non-cancer death under a competing risks model.
16

   

For patients who have survived at least one year since diagnosis, conditional survival is 

calculated by reducing the 15-year lethality estimate by the expected lethality in each of the years the 

patient has survived.  If the patient has recently been confirmed to have no evidence of distant recurrence, 
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the chance of death in the following two years is also reduced, with the reduction in death based on the 

hazard function for breast cancer patients for whom no metastases were present at diagnosis. 

After determining the risk of death due to cancer in each of the 15 years after diagnosis, this 

information is combined with the risk of death due to non-cancer causes in each of the 15 years to 

produce overall survival estimates, and life expectancy impact. 

 

Technical methods 

 The calculators were written in JavaScript, PHP, and HTML, using XML/SWF Charts v5.07 

package with Adobe Flash to display the graphs.  The JavaScript code for the calculators, together with 

documentation, can be viewed in the browser by selecting ñViewĄSourceò in the browser menu.  A full 

narrative description of the code can be found at reference 22.  Statistical validation was performed using 

MATLAB.  

 

The code behind the CancerMath calculators 

 The JavaScript code for the calculators, together with documentation, can be viewed in the 

browser by selecting ñViewĄSourceò in the browser menu. Here we outline the code for the breast 

carcinoma treatment calculator, but the outcome and conditional survival calculators have a similar 

structure. The code begins by loading several lengthy arrays, such as the life expectancy tables, and 

proceeds through a series of sequential ñStepsô, which are numbered below, and are also identified in the 

source code which is visible in the browser: 

 

1.  STEP 1   The program collects information that the user has entered into the web form: 

1. Tumor size (in centimeters, to 1 decimal point) 

2. Whether nodal status is known, and if so, the number of positive nodes (0, 1, 2, etc.) 

3. Age 

4. Tumor prognostic factors: ER/PR/Her2 status, histology, Bloom-Richardson grade 

5. Adjuvant therapy options 

2. STEP 2   The program calculates yearly and cumulative breast cancer, non-breast cancer, and 

total death rates for each of the 15 years after diagnosis, based on the entered user information: 

1. The program loads information on the value of the parameters Q, Z, jprimaty  and Lper-node 

(TABLE I), which are needed to execute the SNAP calculation (STEP 2.b   below) for 

the probability of cancer death to cancer at 15 years. 

2. The program loads information on whether nodal status is known 

3. STEP 2.a  The program loads the g parameters determined by the user input, and 

computes the product of all of them. 

4. STEP 2.b   The program calculates the 15-year Kaplan-Meier cancer death rate, L, 

using the SNAP method (TABLES 1 and 2) from information on tumor size (STEP 1  

above), number of positive lymph nodes (STEP 1  above), and other prognostic factors, 

as captured by the product of the g parameters (STEP 2.a  above).  

5. STEP 2.c  The program calculates 15 values for the breast cancer death rate in each of 

the 15 years after diagnosis.  It accomplishes this for each year by multiplying the 15-

year Kaplan-Meier cancer death rate, L, (calculated in STEP 2.b  above) by the fraction 

of the total lethality which can be expected in each year.  The total lethality expected in 

each year is a pre-computed 15-part step function derived from the breast carcinoma 

hazard function, which we have derived from data on all 362,491 breast carcinoma 

patients in the SEER dataset for whom we have complete tumor size and nodal status 

information
17

. 

6. STEP 2.d  The program calculates 15 values for the non-cancer death rate in each of 

the 15 years after diagnosis.  It accomplishes this for each year by multiplying the 

fraction of patients not dying of cancer (=1 ï (death rate calculated in STEP 2.b )) times 
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the yearly risk of death due to non-cancer causes for the given age.  The values for the 

yearly probability of death due to all non-cancer causes for ages 0 to 100 were taken from 

the National Vital Statistics Report (herein referred to as ñNVSRò)
18

, while the values for 

ages 101 to 123 were extrapolated using the methodology described in the NVSR.  

Before creating the array values (nvsr_death_prob_yearly), we corrected them to account 

for the ~3% of deaths that can be ascribed to breast cancer.  These values were loaded at 

the top of the program, before STEP 1   as noted above. 

7. STEP 2.e  The program calculates 15 values for the overall death rate in each of the 15 

years after diagnosis. It accomplishes this for each year by summing the cancer death rate 

(STEP 2.c ) and the non-cancer death rate (STEP 2.d ). 

8. STEP 2.f  The program calculates 15 values for cumulative breast cancer, non-breast 

cancer, and total death rates by summing the respective yearly values computed in the 

steps above. 

3. STEP 3   The program calculates the mean number of years of life left that can be expected for 

the cancer patient: 

1. STEP 3.a  The program loads the value at year 0 for the number of people out of a 

group of 100,000 who survive to the user-specified age, based on yearly probabilities of 

death given by the NVSR. 

2. STEP 3.b  For year 1 through year 15, the program multiplies the number of people out 

of the group of 100,000 who survive to the appropriate age (age+1 at year 1, age+2 at 

year 2, etc.) by the corresponding cumulative overall death rate (STEP 2.f ). This 

applies the additional risk from cancer. 

3. STEP 3 .c  The program calculates the survival difference at year 15 by subtracting the 

calculated number of individuals surviving to year 15 from the NVSR-given value for the 

corresponding age (age+15). 

4. STEP 3.d  The program then calculates 15 values for the total number of years lived by 

all surviving individuals in the group of 100,000 between each year, by taking the 

average of the number of individuals surviving to a given year and the number of 

individuals surviving to the following year. 

5. STEP 3. e The program calculates the total number of years lived by surviving 

individuals past each year, from year 0 to year 15. It begins at year 15, by taking the 

remaining years of life expected for the corresponding age (age+15), and subtracting 

away the total number of years that is expected to be lost because of cancer.  The life 

expectancy in years for each age group is calculated as the number of people out of the 

group of 100,000 who survive to that age (from NVSR) multiplied by the residual life 

expectancy at that age (also from NVSR data).  That expected number is the survival 

difference calculated in STEP 3.c  multiplied by the additional number of years 

beyond the age at year 15 to reach age 101.  

6. STEP 3.f   Then, working backwards from year 14 to year 0, the program calculates the 

total number of years lived by surviving individuals past each year by adding this value 

for the following year to the total number of years lived between that year and the 

following year (STEP 3.d ). For example, the total number of years lived by surviving 

individuals past year 14 is the total number of years lived by surviving individuals past 

year 15 plus the total number of years lived between year 14 and year 15. 

7. STEP 3.g  The program then calculates the mean life expectancy for the cancer patient 

by dividing the new total number of years lived by individuals of the specified age (the 

value at year 0 from STEP 3.f ) by the number of people out of the group of 100,000 

who survive to that age (STEP 3.f ). 
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8. STEP 3.h  The program calculates the expected years of life lost due to cancer, by 

subtracting the calculated life expectancy (STEP 3.a ) from the NVSR-given life 

expectancy for the specified age. 

4. STEP 4   The program calculates the yearly and cumulative breast cancer death rates with 

therapy: 

1. STEP 4.a  The program calculates the ñrisk-reductionò value based on the combination 

of therapies entered by the user and the information collected in STEP 1.c  and STEP 

1.d , consistent with the assumptions of Adjuvant! Online
1,2

.  

2. STEP 4.b  The program calculates 15 values for the breast cancer death rate with 

therapy in each of the 15 years after diagnosis by multiplying the 15-year Kaplan-Meier 

cancer death rate, L, (calculated in STEP 2.b ) by the ñrisk-reductionò value computed 

above, and by the fraction of the total lethality which can be expected in each year (the 

15-part step function described in STEP 2.c that captures the breast carcinoma hazard 

function).  This step is analogous to that carried out in STEP 2.c  described above, for 

the death rate that would occur in the absence of adjuvant therapy. 

3. STEP 4.c  The program calculates 15 values for the cumulative breast cancer death 

rate in each of the 15 years after diagnosis by summing the respective yearly risks of 

cancer death, with therapy, (STEP 2 ) from the time of diagnosis. This step is analogous 

to that carried out in STEP 2.f  described above, for the cumulative cancer death rate 

that would occur in the absence of adjuvant therapy. 

4. STEP 4d    The program calculates 15 values for the cumulative overall death rate, 

with therapy, in each of the 15 years after diagnosis by summing the respective yearly 

risks of the sum of the cancer death rates with therapy (STEP 4.c)  and non-cancer 

death (STEP 2.c ) from the time of diagnosis. 

5. STEP 5   The program calculates life expectancy gained from therapy: 

1. STEP 5.a  Using the method outlined in the National Vital Statistics Report
18

, the program 

first substitutes the NVSR-given yearly non-cancer probability of death with the yearly 

overall risk of death with therapy, calculated in STEP 4  (which includes death due to 

cancer as well as causes other than cancer).  

2. STEP 5.b  Next, the program calculates the new total number of years lived by individuals 

of the specified age group past that age, by using the values from STEP 3  

3. STEP 5.c  The program then calculates the mean life expectancy with therapy by dividing 

the new total number of years lived by individuals of the specified age (STEP 2.d ) by 

the number of people out of the group of 100,000 who survive to that age (STEP 1.b ).  

4. STEP 5.d  The program calculates the life expectancy gained from therapy by subtracting 

the mean life expectancy with therapy (STEP 2.e ) from the mean life expectancy for 

the cancer patient (STEP 3 ). 

6. STEP 6   The program graphs the risk curves for cancer (STEP 2b), cancer with therapy 

(STEP 1.a ), non-cancer (STEP 1.a ), overall (STEP 2.d ), and overall with therapy (STEP 

5.b ) in the user-specified mode, either as mortality curves, survival curves, a bar graph, a pie 

chart, or a pictogram. For the outcome calculator, the program displays the life expectancy (STEP 

3.a ), the life expectancy lost to cancer (STEP 3.a ), and the 15-year Kaplan-Meier cancer-

specific death rate (STEP 1). For the treatment calculator, the program displays these values, as 

well as the risk reduction value from therapy (STEP 1) and the life expectancy gained from 

therapy (STEP 5.d ). 

7. STEP 7  The program computes grade and stage, according to the AJCC criteria
19
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Validation 

 To test the accuracy of the SNAP calculations used in the breast carcinoma outcome calculator 

(Figure 1b), individuals in the SEER and Partners datasets were sorted into groups of many types and the 

predicted survival value calculated by the SNAP method were compared with the actual cancer specific 

Kaplan-Meier death rates for each group in each of the 15 years following diagnosis.  The calculators 

were validated against both the SEER dataset, from which the parameters were generated, and the 

independent Partners dataset.  For validation, patients were stratified by tumor size, positive nodes, grade, 

hormone receptor status, age, histology, and predicted lethality, and combinations thereof.  Model bias 

was assessed using weighted mean error (predicted-empirical); model specificity and accuracy was 

assessed using mean absolute error, weighted mean absolute error, maximum error, and concordance 

index. 

The information provided by the CancerMath calculators 

The CancerMath breast cancer outcome calculator provides a cancer, non-cancer, and overall 

lethality estimate for each of the 15 years after diagnosis, and how those values are impacted by therapy.  

The lethality estimates include conditional survival information where appropriate.  The estimates can be 

viewed in a variety of formats: in terms of death curves, survival curves, pie charts, or in terms of 

ñsmiley-faceò charts, which have been provided to present the information is a fashion that may be more 

comprehensible to the lay person. The calculator provides the cancerôs impact on life expectancy, and 

how any therapy might impact that life expectancy.  The patientôs classification (T, N, and M) and stage 

is also displayed according to AJCC Seventh Edition staging guidelines.
20,21

   

 

Validation of 15-year lethality measures: 

 .  For validation, patients were stratified by tumor size, positive nodes, grade, hormone receptor 

status, age, histology, and predicted lethality, and combinations thereof.  For example, the SNAP method 

was used to sort the patients from the SEER dataset into groups of differing by a 2% predicted risk of 

death (i.e. those patients expected to have 0-2% risk of death, 2%-4% risk of death, 4%-6%, etc).  A 

cumulative incidence survival analysis for each group revealed that the expected and observed survival 

values agreed within 4% for all subgroups of patients with up to a 44% risk of death (TABLE 2, 

FIGURES 2A-2D).  Likewise, when the Partners dataset was stratified by predicted lethality, the 

predicted mortality differed from the observed lethality by less than 4% in all but one subgroup (which 

differed by 7%, and was still within the confidence bounds of the observed survival).  Further, when 

patients in both the SEER and Partners populations were sorted by tumor size, nodal status, grade, age, 

histology, ER/PR status, sex, and race, the agreement between the expected and observed survival values 

also proved to be excellent (TABLE 2, FIGURES 2A-2D).  While TABLE 2, FIGURES 2A-2D only 

show representative results of selected validation tests, full results and exact values for all tests are 

available at Technical Report #10 available on our website.
22

 

Validation of lethality over each of the 15 years 

 The values shown in TABLE 2 and FIGURE 2 confirm the accuracy of the estimation of the risk 

of cancer death at 15 years, as calculated by SNAP calculations used in the CancerMath.net calculators, 

again revealed a remarkable agreement between the calculations provided by the breast carcinoma 

outcome calculator and the actual survival values. 

Validation of conditional survival calculations 
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DISCUSSION 

We present a web based breast carcinoma outcome calculator which physicians can use when 

making treatment choices for individual patients.  The CancerMath calculator is capable of giving 

estimates of survival that are accurate to within a few percents for most patients, as seen by examining 

patients in two large populations, sorted by tumor size, nodal status, grade, age, histology, ER/PR status, 

and race.  The specificity and accuracy of the underlying mathematics of the CancerMath calculators is 

confirmed by its ability to stratify patients into groups differing by as little as 2% risk of death.  We 

believe the CancerMath calculator presents four distinct advantages over currently available outcome 

calculators. 

(1) The CancerMath calculator provides information on the risk values for each of the first 15 

years after diagnosis, and adjusts these values based on time survived since diagnosis.  With 

treatment decisions increasingly being made many years after diagnosis due to 5-year and 10-

year chemotherapy courses, the additional survival information may be of further use to 

clinicians.  The Adjuvant!Online calculator provides information on the underlying 10-year 

risk of death based only on information at the time of diagnosis.   

(2) The CancerMath calculator provides more individualized assessment of riskðfinely 

stratifying patients based on differences as small as 1mm of tumor size.  By contrast, the 

Adjuvant!Online calculator considers as a single group all patients with tumors 3-5cm and 1-

3 positive nodes, and assigns a risk of cancer death of approximately 45% to this group.  

However, this group contains patients with tumor of 3 cm and 1 positive nodes, which the 

CancerMath calculators indicate have about a 27% 15-year cancer-specific death rate, while 

other patients in this Adjuvant!Online group that have tumors of 5 cm and 3 positive nodes, 

but have a 47% risk of death.   

(3) The CancerMath calculator accurately accounts for differing mortality of differing 

histological subtypes.  (see TABLE 2, noting that the CancerMath calculator predicted 

lethality had an error of less than 4% for all 10 histological subtypes for which data was 

available).  This is unlike Adjuvant!Online, for which Radvin and his colleagues note, ñThe 

outcomes of ductal and lobular cancers were accurately predicted, but for other histological 

subtypes, the predicted outcomes by Adjuvant! are too pessimisticò.
23

  

(4) The CancerMath Java Script code that drives calculators is completely visible in the browser, 

together with abundant documentation.
7,22

  This not only allows the mathematics to be 

verified externally, but also allows our methods to be adopted or extended by researchers 

wishing to compute lethality estimates for large populations of patients. 

 

A limitation of the CancerMath breast carcinoma calculator is that, like Adjuvant!Online, it relies 

on the reductions in death reported by the metaanalyses
4,5

 as summarized by Radvin et al
2
 for determining 

adjuvant therapy impact.  That is, both calculators estimate the impact of adjuvant therapy by multiplying 

the reduction in death found in the trials by the underlying risk of death specific to each patient.  This is a 

leap of faith by both CancerMath and Adjuvant!Online, but such a calculation arguably captures the 

general thinking by oncologists when considering the potential benefit of adjuvant therapy.  As we have 

noted previously
24

, the SizeAssessment method of the binary biological model of cancer metastasis offers 

a way to quantify the impact of adjuvant therapy from data outside of trials, and we are currently 

collecting such data for use in future versions of the CancerMath calculators. 

 A further limitation of our methods is the use of patients from 1988-2007 to validate a survival 

prediction for patients who will be diagnosed in 2010, despite the significant changes in screening, 

treatment, population demographics, and lethality all occurring over this time period.  However, our 

methods mitigate this limitation in four ways. 

(1) Our calculator computes very finely stratified risks of deathðaccounting for differences in 

tumor size as small as 1mm, or single positive nodes.  Thus our method will not be invalid 

simply as a result of improved screening methods leading to tumors being diagnosed smaller 

or less advanced. 
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(2) Our calculator uses therapy death reduction values from literature when specific therapies are 

entered.  This allows our calculator to incorporate the most recent data on treatment 

effectiveness on reducing lethality, and thus account for improvements in adjuvant therapy 

over time. 

(3) Our calculator computes non-cancer death based only on the most recent U.S. government 

data available on population death rates.
15

  Our research has shown that breast cancer patients 

die of non-breast-cancer causes at roughly the same rate as gender, age, race and region-

matched controls.
25

 

(4) Both the Partners and SEER datasets have grown substantially since 1988, with over twice as 

many patients diagnosed per year in the most recent years, weighting survival calculations 

more heavily towards recent diagnoses. 

 

Providing physicians with the most accurate calculation of survival applicable to each patient, 

rather relying on estimates based on intuition would seem to be valuable, but it is not unreasonable to ask 

why?  Arguably, the reason for such a goal is to find the way to use the resources available, to achieve the 

maximal possible extension in life.  For example, the CancerMath breast carcinoma treatment calculator 

shows that a 34 year old ER-/PR- patient who has a 1cm mass and 1 positive node can be expected to gain 

806 days of life from CMF therapy, while an 82 year old woman with these characteristics will only gain 

50 days of life. 

The mathematics used by the CancerMath calculators, the binary-biological model of cancer 

metastasis, was built by considering that each cell in a tumor will either spread to the periphery and cause 

death, or it will not
8,9,,24

.  One the advantages of the binary biological framework that drives the 

CancerMath calculators is that this mathematics can work with as little information as is at hand (the 

SNAP method can generate survival estimates with just tumor size), as well as with as much information 

as is desired.  The methods for measuring the lethal impact of prognostic factors and determining the 

values of the parameters used to calculate outcome are described in reference 8, and an ongoing effort by 

our group is to collect such data on additional prognostic factors and add this information to the 

CancerMath calculators.  For example, the SNAP method provides a way to measure the impact of local 

recurrence on survival, thus offering a way to include the impact of adjuvant radiation therapy in 

subsequent versions of the calculators.
26,27

 

In addition to breast carcinoma, we have found that the binary biological mathematical 

framework that drives the CancerMath breast carcinoma calculators also accurately captures many 

features of melanoma lethality, thus leading to the development of a suite of both melanoma and renal cell 

carcinoma calculators located at the CancerMath website (Bush et al, in preparation).  Thus, we would 

suggest that the CancerMath breast carcinoma calculators provide an example of the sort of web-based 

tools that can be created to provide physicians and patients with highly accurate, patient-specific 

information in many contexts.  
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TABLE 1: The SNAP (Size+Nodes+PrognosticMarkers) Method for Estimating the Risk of Breast 

Carcinoma Death from Information on Tumor Size, Nodal Status, and Other Prognostic Factors 
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Q = 0.010054 
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jprimary =1  unknown nodal status 
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ER+/PR+                                    0.9155 

ER+/PR-                                    1.1389 

ER-/PR+                                    1.0462 

ER-/PR-                                     1.1902 

------------------------------------------------ 

Grade 1                                  0.4324 

Grade 2                                  0.8570 

Grade 3                                  1.1224 

Age 21-30        1.2545 

Age 31-40        1.126685 

Age 41-50        1.86605 

Age 51-60        1.01903 

Age 61-70        1.01715 

Age 71-80        1.02005 

Age 81-90        1.16455 

Ductal                                         1.0573 

Lobular                                       0.9032 

Intraductal + LCIS                     0.8573 

Mucinous                                   0.4646 

Medullary                                  0.5995 

Tubular                                      0.2752 
Comedo                                     0.8645 

Scirrhous                                   1.6314 

Inflammatory                            3.3130 

Pagetôs disease                          1.4535 

Papillary                                    0.5414 

Cribriform                                 0.9636 

 

The lethal 

contribution of 

the primary 

mass increases 

gradually with 

tumor size, 

and the 

amount of that 

lethal 

contribution is 

influenced by 

prognostic 

factors, as 

captured by 

the g-

parameters 

 

The lethal 

contribution 

from cancer 

in the lymph 

nodes 

 

 
)*(

1 nodeperLM

nodes eL  

eq. (2) 

 

M = 

The Number 

of Positive 

Nodes 

 

Lper-node = 0.07581 

 

 

The presence 

of each 

positive lymph 

node 

contributes 

approximately 

8% 

 extra chance 

of death 
 

The SNAP (Size+Nodes+PrognosticMarkers) method reduces to: 

 the Size+Nodes method, when only size and nodal status are known. 

 the SizeOnly method, when only size is known. 
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TABLE II  

Values Used for the Reduction in Death that may be Expected for Various Adjuvant 

Therapy Regimens 
 

 Adjuvant Therapy Age ER Unknown ER+ ER- 

Hormonal Therapy (Tamoxifen, 
Aromatase Inhibitor, Tamoxifen to 
Aromatase Inhibitor, Ovarian 
Ablation, Ovarian Ablation + 
Tamoxifen) age < 50 20% 32% 0% 

  age >= 50 and < 60 21% 32% 0% 

  age >= 60 23% 32% 0% 

Chemotherapy (CMF-like) age < 50 30% 30% 30% 

  age >= 50 and < 60 18% 16% 22% 

  age >= 60 10% 8% 15% 

Chemotherapy (Anthracyclines) age < 50 41% 41% 41% 

  age >= 50 and < 60 31% 29% 34% 

  age >= 60 24% 23% 29% 

Chemotherapy (1st generation 
regimens: CA*4, CMF, FE(50)C*6) age < 50 30% 30% 30% 

  age >= 50 and < 60 18% 16% 22% 

  age >= 60 10% 8% 15% 

Chemotherapy (2nd generation 
regimens: CA*4+T*4, DC*4, CEF*6, 
CAF*6, FAC*6, FE(100)C*6, 
E*4+CMF*4) age < 50 44% 44% 44% 

  age >= 50 and < 60 34% 33% 38% 

  age >= 60 28% 26% 32% 

Chemotherapy (3rd generation 
regimens: TAC*6, FE(100)C*3+D*3, 
CA*4+T*4) age < 50 55% 55% 55% 

  age >= 50 and < 60 47% 45% 49% 

  age >= 60 42% 40% 45% 
See Materials and methods sections for the basis of these values. 
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A   

 
 

Figure 1. CancerMath.net breast carcinoma calculators. 
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Validation of outcome calculator.  LIST OF AL 36 TABLE and Figure 2ôs shown below: 

All patients after 1987, parameters for the outcome calculator, see TABLE I.   
 

TABLE and Figure 2a: Verification on the SEER dataset. Patients grouped by 10% predicted lethality bins  

TABLE and Figure 2b: Verification on the SEER dataset. Patients grouped by 5% predicted lethality bins  

TABLE and Figure 2c: Verification on the SEER dataset. Patients grouped by 2% predicted lethality bins  

TABLE and Figure 2d: Verification on the SEER dataset. Patients grouped by 1% predicted lethality bins  

TABLE and Figure 2e: Verification on the SEER dataset. Patients grouped by 10% predicted lethality percentiles  

TABLE and Figure 2f: Verification on the SEER dataset. Patients grouped by 5% predicted lethality percentiles  

TABLE and Figure 2g: Verification on the SEER dataset. Patients grouped by 10 mm tumor size bins  

TABLE and Figure 2h: Verification on the SEER dataset. Patients grouped by 5 mm tumor size bins  

TABLE and Figure 2i: Verification on the SEER dataset. Patients grouped by 10% tumor size percentiles 

TABLE and Figure 2j: Verification on the SEER dataset. Patients grouped by lymph nodes positivity status  

TABLE and Figure 2k: Verification on the SEER dataset. Patients grouped by number of positive lymph nodes  

TABLE and Figure 2l: Verification on the SEER dataset. Patients grouped by tumor grade  

TABLE and Figure 2m: Verification on the SEER dataset. Patients grouped by estrogen and progesterone receptor  

TABLE and Figure 2n: Verification on the SEER dataset Patients grouped by histological type 

TABLE and Figure 2o: Verification on the SEER dataset. Permutations of 10 mm tumor size bins and number of positive lymph 

nodes 

TABLE and Figure 2p: Verification on the SEER dataset. Permutations of 10 mm tumor size bins and tumor grade 

TABLE and Figure 2q: Verification on the SEER dataset. Permutations of 10 mm tumor size bins and ER/PR receptor  

TABLE and Figure 2r: Verification on the SEER dataset. Permutations of 10 mm tumor size bins and histological type 

TABLE and Figure 2s: Verification on the SEER dataset. Permutations of number of positive lymph nodes and EER/PR receptor 

status 

TABLE and Figure 2t: Verification on the SEER dataset. Permutations of tumor grade and ER/PR status 

TABLE and Figure 2u: Verification on the SEER dataset. Permutations of tumor grade and histological type 

TABLE and Figure 2v:  Verification of the SNAP method on the SEER dataset. Grouped by race 

TABLE and Figure 2w:  Verification of the SNAP method on the SEER dataset Grouped by sex 

TABLE and Figure 2x:  Verification of the SNAP method on the SEER dataset Grouped by age 

 

TABLE and Figure 2aa: Verification on the Partners dataset. Patients grouped by 10% predicted lethality bins  

TABLE and Figure 2bb: Verification on the Partners dataset. Patients grouped by 5% predicted lethality bins  

TABLE and Figure 2cc: Verification on the Partners dataset. Patients grouped by 2% predicted lethality bins  

TABLE and Figure 2dd: Verification on the Partners dataset. Patients grouped by 10% predicted lethality %ôs  

TABLE and Figure 2ee: Verification on the Partners dataset. Patients grouped by 5% predicted lethality %ôs 

TABLE and Figure 2ff: Verification on the Partners dataset. Patients grouped by 10 mm tumor size bins  

TABLE and Figure 2gg: Verification on the Partners dataset. Patients grouped by 5 mm tumor size bins  

TABLE and Figure 2hh: Verification on the Partners dataset. Patients grouped by 10% tumor size percentiles  

TABLE and Figure 2ii: Verification on the Partners dataset. Patients grouped by number of positive lymph nodes  

TABLE and Figure 2ijj:  Verification on the Partners dataset. Patients grouped by tumor grade  

TABLE and Figure 2ikk: Verification on the Partners dataset. Patients grouped by ER receptor status  

TABLE and Figure 2ill: Verification on the Partners dataset. Patients grouped by histological type  

TABLE and Figure 2mm: Verification on the Partners dataset. Permutations of 10 mm tumor size bins and tumor grade 

TABLE and Figure 2mm: Verification on the Partners dataset. Permutations of age 

TABLE and Figure 2mm: Verification on the Partners dataset. Permutations of HER2 status 
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I. VALIDATION WITH SEER DATASETS  

 

Table and Figure 2a:  Verification of the SNAP method on the SEER dataset (patients after 1987, 

parameters for the outcome calculator, see TABLE I).  Patients grouped by 10% predicted lethality bins 

using the Size+Nodes+PrognosticFactors equation 

 

GroupÀ N  Observed Lethality 

(SEM) 

Predicted Lethality 

(SEM) 

Model Error  

 (pred ï obs) 

'0-10%' 190878 '7.46%  (0.2%)' '5.25%  (0%)' '-2.21%' 

'10-20%' 109183 '15.25%  (0.4%)' '14.7%  (0%)' '-0.55%' 

'20-30%' 51064 '24.54%  (0.6%)' '24.84%  (0%)' '0.3%' 

'30-40%' 25126 '33.21%  (1%)' '34.91%  (0%)' '1.71%' 

'40-50%' 11401 '41.66%  (1.4%)' '44.78%  (0.1%)' '3.11%' 

'50-60%' 4685 '50.58%  (2.2%)' '54.54%  (0.1%)' '3.96%' 

'60-70%' 1238 '49.3%  (4.1%)' '64.06%  (0.1%)' '14.75%' 

'Weighted Mean Error' '-0.89%' 

'Median Absolute Error' '2.21%' 

'Weighted Mean Absolute Error' '1.56%' 

'Maximum Error' '14.75% (60-70% group)' 

'Concordance Index' '0.9524' 

'Groups 70-80%, 80-90%, 90-100% excluded due to insufficient follow-up or observed 

confidence intervals > 20%' 
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Med. Abs. Error = 2.21%
        c-index = 0.9524

 
 

SNAP.validate({'c', 'ci', 'm', 0}, [180], @Breast.getCummDeathRisks, 'SEER_10_Breast_Base', 

Breast.snapFilter, { {'Predicted Lethality', [0:.1:1], '>'}});
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Table and Figure 2b:  Verification of the SNAP method on the SEER dataset (patients after 1987, 

parameters for the outcome calculator, see TABLE I).  Patients grouped by 5% predicted lethality bins 

using the Size+Nodes+PrognosticFactors equation 

 

GroupÀ N  Observed Lethality 

(SEM) 

Predicted Lethality 

(SEM) 

Model Error  

 (pred ï obs) 

'0-5%' 97549 '5.47%  (0.3%)' '2.98%  (0%)' '-2.49%' 

'5-10%' 93329 '9.11%  (0.3%)' '7.61%  (0%)' '-1.5%' 

'10-15%' 66132 '13.36%  (0.4%)' '12.69%  (0%)' '-0.67%' 

'15-20%' 43051 '18.22%  (0.6%)' '17.78%  (0%)' '-0.43%' 

'20-25%' 30651 '22.88%  (0.8%)' '22.85%  (0%)' '-0.03%' 

'25-30%' 20413 '27.05%  (1%)' '27.84%  (0%)' '0.79%' 

'30-35%' 14833 '31.14%  (1.2%)' '32.86%  (0%)' '1.72%' 

'35-40%' 10293 '36.32%  (1.6%)' '37.87%  (0%)' '1.55%' 

'40-45%' 6980 '39.87%  (1.8%)' '42.87%  (0%)' '2.99%' 

'45-50%' 4421 '44.51%  (2.4%)' '47.79%  (0.1%)' '3.28%' 

'50-55%' 2973 '48.74%  (2.8%)' '52.69%  (0.1%)' '3.95%' 

'55-60%' 1712 '53.83%  (3.8%)' '57.75%  (0.1%)' '3.92%' 

'60-65%' 902 '50.93%  (5%)' '62.76%  (0.1%)' '11.82%' 

'65-70%' 336 '44.82%  (6.8%)' '67.55%  (0.1%)' '22.73%' 

'Weighted Mean Error' '-0.8%' 

'Median Absolute Error' '2.11%' 

'Weighted Mean Absolute Error' '1.46%' 

'Maximum Error' '22.73% (65-70% group)' 

'Concordance Index' '0.9560' 

'Groups 70-75%, 75-80%, 80-85%, 85-90%, 90-95%, 95-100% excluded due to insufficient 

follow-up or observed confidence intervals > 20%' 
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SNAP.validate({'c', 'ci', 'm', 0}, [180], @Breast.getCummDeathRisks, 'SEER_10_Breast_Base', 

Breast.snapFilter, { {'Predicted Lethality', [0:.05:1], '>'}}); 
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Table and Figure 2c:  Verification of the SNAP method on the SEER dataset (patients after 1987, 

parameters for the outcome calculator, see TABLE I).  Patients grouped by 2% predicted lethality bins 

using the Size+Nodes+PrognosticFactors equation 

 

GroupÀ N  Observed Lethality 

(SEM) 

Predicted Lethality 

(SEM) 

Model Error  

 (pred ï obs) 

'0-2%' 27741 '4.64%  (0.6%)' '1.31%  (0%)' '-3.34%' 

'2-4%' 47188 '5.4%  (0.4%)' '3.14%  (0%)' '-2.26%' 

'4-6%' 44332 '6.73%  (0.4%)' '5.21%  (0%)' '-1.52%' 

'6-8%' 39381 '8.64%  (0.5%)' '7.26%  (0%)' '-1.38%' 

'8-10%' 32236 '10.9%  (0.6%)' '9.3%  (0%)' '-1.6%' 

'10-12%' 30558 '11.69%  (0.6%)' '11.32%  (0%)' '-0.37%' 

'12-14%' 24561 '14.54%  (0.7%)' '13.38%  (0%)' '-1.16%' 

'14-16%' 20951 '15.55%  (0.8%)' '15.39%  (0%)' '-0.16%' 

'16-18%' 17789 '18.21%  (0.9%)' '17.4%  (0%)' '-0.81%' 

'18-20%' 15324 '19.82%  (1%)' '19.44%  (0%)' '-0.38%' 

'20-22%' 13866 '21.51%  (1.1%)' '21.47%  (0%)' '-0.04%' 

'22-24%' 11076 '23.38%  (1.3%)' '23.47%  (0%)' '0.08%' 

'24-26%' 10274 '25.69%  (1.4%)' '25.42%  (0%)' '-0.28%' 

'26-28%' 8858 '25.2%  (1.4%)' '27.52%  (0%)' '2.32%' 

'28-30%' 6990 '30%  (1.8%)' '29.48%  (0%)' '-0.51%' 

'30-32%' 6804 '29.16%  (1.7%)' '31.52%  (0%)' '2.36%' 

'32-34%' 5520 '33.27%  (2.1%)' '33.53%  (0%)' '0.27%' 

'34-36%' 4994 '32.51%  (2%)' '35.5%  (0%)' '2.99%' 

'36-38%' 4111 '34.51%  (2.5%)' '37.56%  (0%)' '3.04%' 

'38-40%' 3697 '40.02%  (2.6%)' '39.48%  (0%)' '-0.54%' 

'40-42%' 3064 '40.22%  (2.8%)' '41.52%  (0%)' '1.3%' 

'42-44%' 2803 '40.08%  (2.9%)' '43.47%  (0%)' '3.39%' 

'44-46%' 2132 '40.71%  (3.2%)' '45.52%  (0.1%)' '4.81%' 

'46-48%' 1913 '41.97%  (3.5%)' '47.45%  (0.1%)' '5.48%' 

'48-50%' 1489 '48.61%  (4.3%)' '49.45%  (0.1%)' '0.84%' 

'50-52%' 1341 '50.42%  (4.2%)' '51.37%  (0.1%)' '0.95%' 

'52-54%' 1152 '47.58%  (4.5%)' '53.32%  (0.1%)' '5.74%' 

'54-56%' 934 '50.26%  (5.2%)' '55.42%  (0.1%)' '5.16%' 

'56-58%' 712 '51.78%  (5.8%)' '57.42%  (0.1%)' '5.64%' 

'58-60%' 546 '56.06%  (6.1%)' '59.64%  (0.1%)' '3.58%' 

'60-62%' 424 '57.45%  (8.2%)' '61.47%  (0.1%)' '4.01%' 

'62-64%' 340 '44.15%  (7%)' '63.47%  (0.1%)' '19.32%' 

'64-66%' 220 '45.69%  (8.5%)' '65.35%  (0.1%)' '19.66%' 
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'Weighted Mean Error' '-0.79%' 

'Median Absolute Error' '1.6%' 

'Weighted Mean Absolute Error' '1.47%' 

'Maximum Error' '19.66% (64-66% group)' 

'Concordance Index' '0.9602' 

'''Groups 66-100% excluded due to insufficient follow-up or observed confidence intervals > 

20%' 
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SNAP.validate({'c', 'ci', 'm', 0}, [180], @Breast.getCummDeathRisks, 'SEER_10_Breast_Base', 

Breast.snapFilter, { {'Predicted Lethality', [0:.02:1], '>'}}); 
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Table and Figure 2d:  Verification of the SNAP method on the SEER dataset (patients after 1987, 

parameters for the outcome calculator, see TABLE I).  Patients grouped by 1% predicted lethality bins 

using the Size+Nodes+PrognosticFactors equation 

 

GroupÀ N  Observed Lethality 

(SEM) 

Predicted Lethality 

(SEM) 

Model Error  

 (pred ï obs) 

'0-1%' 8761 '4.26%  (1.3%)' '0.68%  (0%)' '-3.58%' 

'1-2%' 18980 '4.82%  (0.7%)' '1.6%  (0%)' '-3.22%' 

'2-3%' 23649 '4.73%  (0.6%)' '2.63%  (0%)' '-2.1%' 

'3-4%' 23539 '6.01%  (0.6%)' '3.66%  (0%)' '-2.35%' 

'4-5%' 22620 '6.26%  (0.6%)' '4.7%  (0%)' '-1.56%' 

'5-6%' 21712 '7.21%  (0.6%)' '5.74%  (0%)' '-1.46%' 

'6-7%' 20299 '7.92%  (0.7%)' '6.76%  (0%)' '-1.16%' 

'7-8%' 19082 '9.42%  (0.7%)' '7.8%  (0%)' '-1.62%' 

'8-9%' 17482 '10.39%  (0.8%)' '8.84%  (0%)' '-1.54%' 

'9-10%' 14754 '11.5%  (0.9%)' '9.84%  (0%)' '-1.66%' 

'10-11%' 16148 '11.01%  (0.8%)' '10.82%  (0%)' '-0.19%' 

'11-12%' 14410 '12.43%  (0.9%)' '11.88%  (0%)' '-0.56%' 

'12-13%' 12308 '14.41%  (1%)' '12.89%  (0%)' '-1.51%' 

'13-14%' 12253 '14.68%  (1%)' '13.88%  (0%)' '-0.8%' 

'14-15%' 11013 '15.35%  (1.1%)' '14.92%  (0%)' '-0.43%' 

'15-16%' 9938 '15.75%  (1.2%)' '15.9%  (0%)' '0.15%' 

'16-17%' 9428 '18.22%  (1.3%)' '16.94%  (0%)' '-1.27%' 

'17-18%' 8361 '18.19%  (1.4%)' '17.91%  (0%)' '-0.27%' 

'18-19%' 7589 '19.07%  (1.5%)' '18.97%  (0%)' '-0.1%' 

'19-20%' 7735 '20.55%  (1.5%)' '19.91%  (0%)' '-0.64%' 

'20-21%' 6690 '20.23%  (1.6%)' '20.95%  (0%)' '0.72%' 

'21-22%' 7176 '22.66%  (1.6%)' '21.95%  (0%)' '-0.71%' 

'22-23%' 5635 '23.32%  (1.9%)' '22.96%  (0%)' '-0.36%' 

'23-24%' 5441 '23.41%  (1.8%)' '23.99%  (0%)' '0.58%' 

'24-25%' 5709 '25.26%  (1.9%)' '24.99%  (0%)' '-0.26%' 

'25-26%' 4565 '26.24%  (2.2%)' '25.94%  (0%)' '-0.3%' 

'26-27%' 4417 '25.21%  (2%)' '27.04%  (0%)' '1.82%' 

'27-28%' 4441 '25.17%  (2.1%)' '28.01%  (0%)' '2.84%' 

'28-29%' 3754 '29.8%  (2.5%)' '28.96%  (0%)' '-0.85%' 

'29-30%' 3236 '30.16%  (2.7%)' '30.09%  (0%)' '-0.07%' 

'30-31%' 3434 '29.67%  (2.4%)' '31.06%  (0%)' '1.39%' 

'31-32%' 3370 '28.58%  (2.4%)' '31.99%  (0%)' '3.41%' 

'32-33%' 2892 '31.89%  (2.8%)' '33.03%  (0%)' '1.14%' 
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'33-34%' 2628 '34.79%  (3%)' '34.09%  (0%)' '-0.7%' 

'34-35%' 2509 '31.62%  (2.7%)' '35.01%  (0%)' '3.39%' 

'35-36%' 2485 '33.54%  (3.1%)' '36%  (0%)' '2.46%' 

'36-37%' 2125 '36.59%  (3.6%)' '37.07%  (0%)' '0.48%' 

'37-38%' 1986 '32.36%  (3.4%)' '38.07%  (0%)' '5.71%' 

'38-39%' 1946 '39.59%  (3.7%)' '38.98%  (0%)' '-0.61%' 

'39-40%' 1751 '40.49%  (3.8%)' '40.05%  (0%)' '-0.44%' 

'40-41%' 1600 '39.81%  (4%)' '41.04%  (0%)' '1.23%' 

'41-42%' 1464 '40.66%  (3.9%)' '42.04%  (0.1%)' '1.38%' 

'42-43%' 1496 '40.44%  (3.9%)' '43.02%  (0.1%)' '2.58%' 

'43-44%' 1307 '39.69%  (4.4%)' '43.98%  (0.1%)' '4.29%' 

'44-45%' 1113 '38.42%  (4.1%)' '45.06%  (0.1%)' '6.65%' 

'45-46%' 1019 '43.44%  (5.1%)' '46.02%  (0.1%)' '2.58%' 

'46-47%' 1021 '44.29%  (4.9%)' '47%  (0.1%)' '2.7%' 

'47-48%' 892 '39.29%  (5%)' '47.97%  (0.1%)' '8.68%' 

'48-49%' 764 '52.62%  (6.3%)' '48.9%  (0.1%)' '-3.72%' 

'49-50%' 725 '44.31%  (5.7%)' '50.02%  (0.1%)' '5.72%' 

'50-51%' 684 '50.28%  (5.9%)' '50.9%  (0.1%)' '0.62%' 

'51-52%' 657 '50.18%  (5.8%)' '51.86%  (0.1%)' '1.67%' 

'52-53%' 628 '48.36%  (6.4%)' '52.85%  (0.1%)' '4.49%' 

'53-54%' 524 '46.77%  (6.3%)' '53.89%  (0.1%)' '7.12%' 

'54-55%' 480 '46.09%  (6.4%)' '54.88%  (0.1%)' '8.79%' 

'55-56%' 454 '53.92%  (7.8%)' '55.99%  (0.1%)' '2.06%' 

'56-57%' 356 '52.46%  (7.7%)' '56.93%  (0.1%)' '4.47%' 

'57-58%' 356 '51.67%  (9%)' '57.92%  (0.1%)' '6.25%' 

'58-59%' 301 '51.94%  (8.2%)' '59.09%  (0.1%)' '7.15%' 

'59-60%' 245 '61.14%  (8.7%)' '60.31%  (0.1%)' '-0.82%' 

'62-63%' 207 '46.74%  (8.9%)' '63.07%  (0.1%)' '16.34%' 

'0-1%' 8761 '4.26%  (1.3%)' '0.68%  (0%)' '-3.58%' 

'Weighted Mean Error' '-0.81%' 

'Median Absolute Error' '1.54%' 

'Weighted Mean Absolute Error' '1.51%' 

'Maximum Error' '16.34% (62-63% group)' 

'Concordance Index' '0.9590' 

'''Groups 63-100% excluded due to insufficient follow-up or observed confidence intervals > 

20%' 
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Med. Abs. Error = 1.54%
        c-index = 0.9590

 
 

SNAP.validate({'c', 'ci', 'm', 0}, [180], @Breast.getCummDeathRisks, 'SEER_10_Breast_Base', 

Breast.snapFilter, { {'Predicted Lethality', [0:.01:1], '>'}}); 
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Table and Figure 2e:  Verification of the SNAP method on the SEER dataset (patients after 1987, 

parameters for the outcome calculator, see TABLE I).  Patients grouped by 10% predicted lethality 

percentiles using the Size+Nodes+PrognosticFactors equation 

 

GroupÀ N  Observed Lethality 

(SEM) 

Predicted Lethality 

(SEM) 

Model Error  

 (pred ï obs) 

'0-10 %tile' 39399 '4.79%  (0.5%)' '1.62%  (0%)' '-3.17%' 

'10-20 %tile' 39360 '5.58%  (0.5%)' '3.48%  (0%)' '-2.1%' 

'20-30 %tile' 39381 '6.75%  (0.5%)' '5.27%  (0%)' '-1.47%' 

'30-40 %tile' 39377 '8.59%  (0.5%)' '7.21%  (0%)' '-1.38%' 

'40-50 %tile' 39378 '10.75%  (0.5%)' '9.45%  (0%)' '-1.29%' 

'50-60 %tile' 39381 '12.99%  (0.6%)' '12.08%  (0%)' '-0.92%' 

'60-70 %tile' 39376 '15.85%  (0.6%)' '15.37%  (0%)' '-0.48%' 

'70-80 %tile' 39379 '20.28%  (0.7%)' '19.88%  (0%)' '-0.4%' 

'80-90 %tile' 39379 '25.96%  (0.7%)' '26.61%  (0%)' '0.65%' 

'90-100 %tile' 39379 '38.7%  (0.8%)' '41.57%  (0.1%)' '2.87%' 

'Weighted Mean Error' '-0.77%' 

'Median Absolute Error' '1.34%' 

'Weighted Mean Absolute Error' '1.47%' 

'Maximum Error' '-3.17% (0-10 %tile group)' 

'Concordance Index' '1.0000' 
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Med. Abs. Error = 1.34%
        c-index = 1.0000

 
 

SNAP.validate({'c', 'ci', 'm', 0}, [180], @Breast.getCummDeathRisks, 'SEER_10_Breast_Base', 

Breast.snapFilter, { {'Predicted Lethality', [0:10:100], '%'}}); 
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Table and Figure 2f:  Verification of the SNAP method on the SEER dataset (patients after 1987, 

parameters for the outcome calculator, see TABLE I).  Patients grouped by 5% predicted lethality 

percentiles using the Size+Nodes+PrognosticFactors equation 

 

GroupÀ N  Observed Lethality 

(SEM) 

Predicted Lethality 

(SEM) 

Model Error  

 (pred ï obs) 

'0-5 %tile' 19689 '4.46%  (0.7%)' '1.07%  (0%)' '-3.39%' 

'5-10 %tile' 19710 '5.08%  (0.8%)' '2.17%  (0%)' '-2.91%' 

'10-15 %tile' 19669 '5.06%  (0.6%)' '3.05%  (0%)' '-2.01%' 

'15-20 %tile' 19691 '6.05%  (0.7%)' '3.91%  (0%)' '-2.14%' 

'20-25 %tile' 19763 '6.33%  (0.6%)' '4.81%  (0%)' '-1.52%' 

'25-30 %tile' 19618 '7.16%  (0.7%)' '5.74%  (0%)' '-1.42%' 

'30-35 %tile' 19731 '7.9%  (0.7%)' '6.69%  (0%)' '-1.21%' 

'35-40 %tile' 19646 '9.28%  (0.7%)' '7.72%  (0%)' '-1.56%' 

'40-45 %tile' 19689 '10.38%  (0.8%)' '8.84%  (0%)' '-1.54%' 

'45-50 %tile' 19689 '11.11%  (0.7%)' '10.07%  (0%)' '-1.04%' 

'50-55 %tile' 19727 '11.87%  (0.8%)' '11.35%  (0%)' '-0.51%' 

'55-60 %tile' 19654 '14.12%  (0.8%)' '12.8%  (0%)' '-1.32%' 

'60-65 %tile' 19697 '14.92%  (0.8%)' '14.43%  (0%)' '-0.49%' 

'65-70 %tile' 19679 '16.79%  (0.9%)' '16.31%  (0%)' '-0.48%' 

'70-75 %tile' 19690 '18.7%  (0.9%)' '18.57%  (0%)' '-0.13%' 

'75-80 %tile' 19689 '21.87%  (1%)' '21.2%  (0%)' '-0.67%' 

'80-85 %tile' 19692 '24.27%  (1%)' '24.45%  (0%)' '0.18%' 

'85-90 %tile' 19687 '27.64%  (1%)' '28.77%  (0%)' '1.14%' 

'90-95 %tile' 19691 '33.04%  (1.1%)' '35.01%  (0%)' '1.97%' 

'95-100 %tile' 19688 '44.34%  (1.1%)' '48.13%  (0.1%)' '3.79%' 

'Weighted Mean Error' '-0.76%' 

'Median Absolute Error' '1.37%' 

'Weighted Mean Absolute Error' '1.47%' 

'Maximum Error' '3.79% (95-100 %tile group)' 

'Concordance Index' '0.9947' 
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Med. Abs. Error = 1.37%
        c-index = 0.9947

 
 

SNAP.validate({'c', 'ci', 'm', 0}, [180], @Breast.getCummDeathRisks, 'SEER_10_Breast_Base', 

Breast.snapFilter, { {'Predicted Lethality', [0:5:100], '%'}});  
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Table and Figure 2g:  Verification of the SNAP method on the SEER dataset (patients after 1987, 

parameters for the outcome calculator, see TABLE I).  Patients grouped by 10 mm tumor size bins 

 

GroupÀ N  Observed Lethality 

(SEM) 

Predicted Lethality 

(SEM) 

Model Error  

 (pred ï obs) 

'1-10mm' 102348 '7.09%  (0.3%)' '4.97%  (0%)' '-2.12%' 

'11-20mm' 167513 '13.31%  (0.3%)' '12.11%  (0%)' '-1.21%' 

'21-30mm' 81251 '22.54%  (0.5%)' '21.38%  (0.1%)' '-1.16%' 

'31-40mm' 29270 '28.63%  (0.8%)' '29.52%  (0.1%)' '0.89%' 

'41-50mm' 13407 '31.74%  (1.3%)' '35.47%  (0.2%)' '3.73%' 

'Weighted Mean Error' '-1.11%' 

'Median Absolute Error' '1.21%' 

'Weighted Mean Absolute Error' '1.5%' 

'Maximum Error' '3.73% (41-50mm group)' 

'Concordance Index' '1.0000' 
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Med. Abs. Error = 1.21%
        c-index = 1.0000

 
 

SNAP.validate({'c', 'ci', 'm', 0}, [180], @Breast.getCummDeathRisks, 'SEER_10_Breast_Base', 

Breast.snapFilter, { {DBInfo.TUMOR_SIZE, [0:10:50], '>'}}); 
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Table and Figure 2i:  Verification of the SNAP method on the SEER dataset (patients after 1987, 

parameters for the outcome calculator, see TABLE I).  Patients grouped by 5 mm tumor size bins 

 

GroupÀ N  Observed Lethality 

(SEM) 

Predicted Lethality 

(SEM) 

Model Error  

 (pred ï obs) 

'1-5mm' 23658 '6.02%  (0.7%)' '2.79%  (0.1%)' '-3.22%' 

'6-10mm' 78690 '7.32%  (0.3%)' '5.62%  (0%)' '-1.7%' 

'11-15mm' 95984 '11.31%  (0.4%)' '10.01%  (0%)' '-1.3%' 

'16-20mm' 71529 '15.92%  (0.5%)' '14.92%  (0.1%)' '-1%' 

'21-25mm' 50444 '21.1%  (0.6%)' '19.7%  (0.1%)' '-1.4%' 

'26-30mm' 30807 '24.84%  (0.8%)' '24.13%  (0.1%)' '-0.71%' 

'31-35mm' 16191 '27.58%  (1.1%)' '28.2%  (0.2%)' '0.62%' 

'36-40mm' 13079 '29.86%  (1.3%)' '31.15%  (0.2%)' '1.3%' 

'41-45mm' 6356 '29.35%  (1.8%)' '34.16%  (0.3%)' '4.8%' 

'46-50mm' 7051 '33.68%  (1.8%)' '36.65%  (0.3%)' '2.96%' 

'Weighted Mean Error' '-1.07%' 

'Median Absolute Error' '1.35%' 

'Weighted Mean Absolute Error' '1.47%' 

'Maximum Error' '4.8% (41-45mm group)' 

'Concordance Index' '0.9778' 
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Med. Abs. Error = 1.35%
        c-index = 0.9778

 
 

SNAP.validate({'c', 'ci', 'm', 0}, [180], @Breast.getCummDeathRisks, 'SEER_10_Breast_Base', 

Breast.snapFilter, { {DBInfo.TUMOR_SIZE, [0:5:50], '>'}}); 
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Table and Figure 2i:  Verification of the SNAP method on the SEER dataset (patients after 1987, 

parameters for the outcome calculator, see TABLE I).  Patients grouped by 10% tumor size percentiles 

 

GroupÀ N  Observed Lethality 

(SEM) 

Predicted Lethality 

(SEM) 

Model Error  

 (pred ï obs) 

'0-10 %tile' 45520 '5.98%  (0.5%)' '3.44%  (0%)' '-2.54%' 

'10-20 %tile' 56828 '7.78%  (0.4%)' '6.19%  (0%)' '-1.59%' 

'20-30 %tile' 33292 '9.75%  (0.6%)' '8.22%  (0.1%)' '-1.53%' 

'30-40 %tile' 25136 '11.03%  (0.7%)' '9.96%  (0.1%)' '-1.08%' 

'40-50 %tile' 37556 '12.73%  (0.6%)' '11.63%  (0.1%)' '-1.1%' 

'50-60 %tile' 41558 '14.53%  (0.6%)' '13.81%  (0.1%)' '-0.72%' 

'60-70 %tile' 36284 '17.68%  (0.6%)' '16.66%  (0.1%)' '-1.03%' 

'70-80 %tile' 44131 '21.35%  (0.6%)' '20.01%  (0.1%)' '-1.34%' 

'80-90 %tile' 34872 '25.01%  (0.7%)' '24.45%  (0.1%)' '-0.56%' 

'90-100 %tile' 38612 '29.91%  (0.7%)' '31.87%  (0.1%)' '1.96%' 

'Weighted Mean Error' '-1%' 

'Median Absolute Error' '1.22%' 

'Weighted Mean Absolute Error' '1.39%' 

'Maximum Error' '-2.54% (0-10 %tile group)' 

'Concordance Index' '1.0000' 
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Mean Abs. Error = 0.0139
        c-index = 1.0000

 
 

SNAP.validate({'c', 'ci', 'm', 0}, [180], @Breast.getCummDeathRisks, 'SEER_10_Breast_Base', 

Breast.snapFilter, { {DBInfo.TUMOR_SIZE, [0:10:100], '%'}}); 
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Table and Figure 2j:  Verification of the SNAP method on the SEER dataset (patients after 1987, 

parameters for the outcome calculator, see TABLE I).  Patients grouped by lymph nodes positivity status 

 

GroupÀ N  Observed Lethality 

(SEM) 

Predicted Lethality 

(SEM) 

Model Error  

 (pred ï obs) 

'0 nodes' 277866 '10.81%  (0.2%)' '9.5%  (0%)' '-1.31%' 

'1-89 nodes' 115923 '26.7%  (0.4%)' '25.64%  (0.1%)' '-1.07%' 

'Weighted Mean Error' '-1.24%' 

'Median Absolute Error' '1.19%' 

'Weighted Mean Absolute Error' '1.24%' 

'Maximum Error' '-1.31% (0-0 nodes group)' 

'Concordance Index' '1.0000' 
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Med. Abs. Error = 1.19%
        c-index = 1.0000

 
 

SNAP.validate({'c', 'ci', 'm', 0}, [180], @Breast.getCummDeathRisks, 'SEER_10_Breast_Base', 

Breast.snapFilter, { {DBInfo.POSITIVE_NODES, [-1,0,89], '>'}});  
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Table and Figure 2k:  Verification of the SNAP method on the SEER dataset (patients after 1987, 

parameters for the outcome calculator, see TABLE I).  Patients grouped by number of positive lymph 

nodes 

 

GroupÀ N  Observed Lethality 

(SEM) 

Predicted Lethality 

(SEM) 

Model Error  

 (pred ï obs) 

'1 nodes' 53960 '20.04%  (0.6%)' '18.12%  (0.1%)' '-1.92%' 

'2 nodes' 24757 '25.49%  (0.9%)' '24.66%  (0.1%)' '-0.83%' 

'3 nodes' 13836 '30.7%  (1.3%)' '30.82%  (0.2%)' '0.12%' 

'4 nodes' 8900 '35.54%  (1.6%)' '35.97%  (0.2%)' '0.43%' 

'5 nodes' 6250 '38.97%  (2%)' '40.48%  (0.3%)' '1.5%' 

'6 nodes' 4655 '41.49%  (2.2%)' '45.11%  (0.3%)' '3.62%' 

'7 nodes' 3565 '44.45%  (2.5%)' '48.93%  (0.4%)' '4.49%' 

'1 nodes' 53960 '20.04%  (0.6%)' '18.12%  (0.1%)' '-1.92%' 

'Weighted Mean Error' '-0.66%' 

'Median Absolute Error' '1.5%' 

'Weighted Mean Absolute Error' '1.48%' 

'Maximum Error' '4.49% (7 nodes group)' 

'Concordance Index' '1.0000' 
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Med. Abs. Error = 1.5%
        c-index = 1.0000
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SNAP.validate({'c', 'ci', 'm', 0}, [180], @Breast.getCummDeathRisks, 'SEER_10_Breast_Base', 

Breast.snapFilter, { {DBInfo.POSITIVE_NODES, [1:7], '='}}); 
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Table and Figure 2l:  Verification of the SNAP method on the SEER dataset (patients after 1987, 

parameters for the outcome calculator, see TABLE I).  Patients grouped by tumor grade 

 

GroupÀ N  Observed Lethality 

(SEM) 

Predicted Lethality 

(SEM) 

Model Error  

 (pred ï obs) 

'Grade 1' 71343 '6.75%  (0.5%)' '4.29%  (0%)' '-2.46%' 

'Grade 2' 149898 '13.6%  (0.3%)' '12.47%  (0%)' '-1.13%' 

'Grade 3' 119305 '22.01%  (0.4%)' '22.12%  (0.1%)' '0.11%' 

'Grade 4' 7021 '21.41%  (1.3%)' '23.67%  (0.3%)' '2.26%' 

'Weighted Mean Error' '-0.91%' 

'Median Absolute Error' '1.7%' 

'Weighted Mean Absolute Error' '1.08%' 

'Maximum Error' '-2.46% (Grade 1 group)' 

'Concordance Index' '0.8333' 
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        c-index = 0.8333

 
 

SNAP.validate({'c', 'ci', 'm', 0}, [180], @Breast.getCummDeathRisks, 'SEER_10_Breast_Base', 

Breast.snapFilter, { {DBInfo.GRADE, [1:4], '='}}); 
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Table and Figure 2m:  Verification of the SNAP method on the SEER dataset (patients after 1987, 

parameters for the outcome calculator, see TABLE I).  Patients grouped by estrogen and progesterone 

receptor status 

 

GroupÀ N  Observed Lethality 

(SEM) 

Predicted Lethality 

(SEM) 

Model Error  

 (pred ï obs) 

'ER- / PR-' 62315 '21.58%  (0.5%)' '22.26%  (0.1%)' '0.68%' 

'ER- / PR+' 6583 '18.62%  (1.3%)' '17.57%  (0.3%)' '-1.04%' 

'ER+ / PR-' 39857 '16.64%  (0.7%)' '15.43%  (0.1%)' '-1.21%' 

'ER+ / PR+' 215003 '13.25%  (0.3%)' '11.65%  (0%)' '-1.6%' 

'Weighted Mean Error' '-1.1%' 

'Median Absolute Error' '1.13%' 

'Weighted Mean Absolute Error' '1.36%' 

'Maximum Error' '-1.6% (ER+ / PR+ group)' 

'Concordance Index' '1.0000' 
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SNAP.validate({'c', 'ci', 'm', 0}, [180], @Breast.getCummDeathRisks, 'SEER_10_Breast_Base', 

Breast.snapFilter, { {DBInfo.ER_STATUS, [0,1], '='},{DBInfo.PR_STATUS, [0,1], '='}}); 
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Table and Figure 2n:  Verification of the SNAP method on the SEER dataset (patients after 1987, 

parameters for the outcome calculator, see TABLE I).  Patients grouped by histological type 

 

GroupÀ N  Observed Lethality 

(SEM) 

Predicted Lethality 

(SEM) 

Model Error  

 (pred ï obs) 

'Ductal' 289896 '16.16%  (0.2%)' '15.28%  (0%)' '-0.88%' 

'Lobular' 28203 '14.36%  (0.8%)' '12.34%  (0.1%)' '-2.02%' 

'Lobular + Ductal' 30398 '14.23%  (0.9%)' '11.83%  (0.1%)' '-2.4%' 

'Mucinous' 9569 '6.92%  (0.9%)' '3.95%  (0.1%)' '-2.98%' 

'Medullary' 3945 '11.82%  (1.3%)' '13.62%  (0.2%)' '1.8%' 

'Tubular' 5802 '3.69%  (1%)' '1.16%  (0%)' '-2.53%' 

'Comedo' 3330 '18.62%  (1.5%)' '14.64%  (0.4%)' '-3.97%' 

'Scirrhous' 389 '20.4%  (4.7%)' '23.86%  (1.6%)' '3.46%' 

'Papillary' 717 '6.27%  (2.9%)' '5.73%  (0.4%)' '-0.54%' 

'Cribriform' 946 '7.37%  (3.5%)' '7.77%  (0.4%)' '0.4%' 

'Apocrine' 929 '12.37%  (5%)' '15.76%  (0.8%)' '3.39%' 

'Phyllodes' 134 '11.78%  (6.2%)' '20.14%  (1.4%)' '8.36%' 

'Weighted Mean Error' '-1.15%' 

'Median Absolute Error' '2.47%' 

'Weighted Mean Absolute Error' '1.22%' 

'Maximum Error' '8.36% (Phyllodes group)' 

'Concordance Index' '0.7879' 

'Inflammatory and Paget Disease excluded due to insufficient follow-up or observed 

confidence intervals > 20%' 
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SNAP.validate({'c', 'ci', 'm', 0}, [180], @Breast.getCummDeathRisks, 'SEER_10_Breast_Base', 

Breast.snapFilter, { {DBInfo.HISTOLOGY, Breast.histologies, '='}}); 



40 
 

 Table and Figure 2p:  Verification of the SNAP method on the SEER dataset (patients after 1987, 

parameters for the outcome calculator, see TABLE I).  Permutations of 10 mm tumor size bins and 

number of positive lymph nodes 

 

GroupÀ N  Observed Lethality 

(SEM) 

Predicted Lethality 

(SEM) 

Model Error  

 (pred ï obs) 

'1-10mm / 0 nodes' 90078 '6.03%  (0.3%)' '3.73%  (0%)' '-2.31%' 

'1-10mm / 1 nodes' 7519 '10.29%  (1.4%)' '9.68%  (0.1%)' '-0.62%' 

'1-10mm / 2 nodes' 2413 '15.73%  (2.6%)' '15.39%  (0.2%)' '-0.34%' 

'1-10mm / 3 nodes' 975 '18.6%  (3.9%)' '20.96%  (0.4%)' '2.36%' 

'1-10mm / 4 nodes' 555 '26%  (5.7%)' '26.13%  (0.7%)' '0.13%' 

'1-10mm / 5 nodes' 376 '33.31%  (8.4%)' '31.48%  (1%)' '-1.82%' 

'1-10mm / 6 nodes' 267 '31.71%  (8.1%)' '35.57%  (1.2%)' '3.85%' 

'1-10mm / 7 nodes' 165 '31.53%  (9.6%)' '40.24%  (1.6%)' '8.72%' 

'11-20mm / 0 nodes' 121378 '10.36%  (0.3%)' '8.89%  (0%)' '-1.47%' 

'11-20mm / 1 nodes' 24054 '16.58%  (0.9%)' '14.87%  (0.1%)' '-1.7%' 

'11-20mm / 2 nodes' 9945 '20.55%  (1.4%)' '20.6%  (0.1%)' '0.05%' 

'11-20mm / 3 nodes' 4934 '25.8%  (2.1%)' '26.06%  (0.2%)' '0.26%' 

'11-20mm / 4 nodes' 2939 '28.68%  (2.6%)' '31.01%  (0.3%)' '2.33%' 

'11-20mm / 5 nodes' 1884 '35.44%  (3.7%)' '35.75%  (0.4%)' '0.3%' 

'11-20mm / 6 nodes' 1369 '35.24%  (3.8%)' '40.08%  (0.5%)' '4.85%' 

'11-20mm / 7 nodes' 1010 '37.6%  (4.7%)' '44.2%  (0.7%)' '6.6%' 

'21-30mm / 0 nodes' 46451 '16.5%  (0.6%)' '15.92%  (0.1%)' '-0.57%' 

'21-30mm / 1 nodes' 14582 '25.27%  (1.3%)' '21.61%  (0.1%)' '-3.66%' 

'21-30mm / 2 nodes' 7644 '29.46%  (1.8%)' '26.8%  (0.2%)' '-2.66%' 

'21-30mm / 3 nodes' 4562 '33.19%  (2.3%)' '31.87%  (0.3%)' '-1.32%' 

'21-30mm / 4 nodes' 2964 '39.23%  (3%)' '36.58%  (0.3%)' '-2.65%' 

'21-30mm / 5 nodes' 2223 '37.98%  (3.3%)' '40.92%  (0.4%)' '2.93%' 

'21-30mm / 6 nodes' 1610 '42.19%  (4%)' '45.72%  (0.5%)' '3.54%' 

'21-30mm / 7 nodes' 1215 '47.39%  (4.2%)' '48.8%  (0.6%)' '1.41%' 

'31-40mm / 0 nodes' 14134 '20.97%  (1.1%)' '22.81%  (0.1%)' '1.84%' 

'31-40mm / 1 nodes' 5402 '28.86%  (2%)' '28.26%  (0.2%)' '-0.6%' 

'31-40mm / 2 nodes' 3220 '33.79%  (2.7%)' '32.99%  (0.3%)' '-0.8%' 

'31-40mm / 3 nodes' 2240 '37.32%  (3.4%)' '37.84%  (0.4%)' '0.52%' 

'31-40mm / 4 nodes' 1576 '42.07%  (4.3%)' '42.05%  (0.5%)' '-0.02%' 

'31-40mm / 5 nodes' 1086 '45.23%  (4.8%)' '45.4%  (0.6%)' '0.17%' 

'31-40mm / 6 nodes' 888 '50.34%  (5.4%)' '49.59%  (0.7%)' '-0.76%' 

'31-40mm / 7 nodes' 724 '51.24%  (6.2%)' '53.12%  (0.8%)' '1.88%' 

'41-50mm / 0 nodes' 5825 '20.87%  (1.6%)' '28.26%  (0.2%)' '7.39%' 
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'41-50mm / 1 nodes' 2403 '34.73%  (3.6%)' '33.07%  (0.4%)' '-1.65%' 

'41-50mm / 2 nodes' 1535 '38.84%  (4.1%)' '37.41%  (0.5%)' '-1.43%' 

'41-50mm / 3 nodes' 1125 '42.6%  (5.2%)' '42%  (0.7%)' '-0.59%' 

'41-50mm / 4 nodes' 866 '43.75%  (5.7%)' '45.94%  (0.7%)' '2.19%' 

'41-50mm / 5 nodes' 681 '46.01%  (5.8%)' '49.25%  (0.9%)' '3.24%' 

'41-50mm / 6 nodes' 521 '49.75%  (7.8%)' '53.7%  (1%)' '3.95%' 

'41-50mm / 7 nodes' 451 '46.77%  (6.8%)' '56.34%  (1%)' '9.58%' 

'Weighted Mean Error' '-1.11%' 

'Median Absolute Error' '1.76%' 

'Weighted Mean Absolute Error' '1.74%' 

'Maximum Error' '9.58% (41-50mm / 7 nodes group)' 

'Concordance Index' '0.9308' 
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SNAP.validate({'c', 'ci', 'm', 0}, [180], @Breast.getCummDeathRisks, 'SEER_10_Breast_Base', 

Breast.snapFilter, { {DBInfo.TUMOR_SIZE, [0:10:50], '>'},{DBInfo.POSITIVE_NODES, [0:7], '='}}); 
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Table and Figure 2p:  Verification of the SNAP method on the SEER dataset (patients after 1987, 

parameters for the outcome calculator, see TABLE I).  Permutations of 10 mm tumor size bins and tumor 

grade 

 

GroupÀ N  Observed Lethality 

(SEM) 

Predicted Lethality 

(SEM) 

Model Error  

 (pred ï obs) 

'1-10mm / Grade 1' 31812 '4.14%  (0.6%)' '2.22%  (0%)' '-1.92%' 

'1-10mm / Grade 2' 39531 '7.17%  (0.5%)' '5.39%  (0%)' '-1.78%' 

'1-10mm / Grade 3' 16844 '10.95%  (0.9%)' '8.45%  (0.1%)' '-2.5%' 

'1-10mm / Grade 4' 1172 '10.59%  (2.9%)' '8.75%  (0.5%)' '-1.84%' 

'11-20mm / Grade 1' 29329 '7.31%  (0.8%)' '4.8%  (0%)' '-2.52%' 

'11-20mm / Grade 2' 68920 '12.31%  (0.5%)' '11.31%  (0%)' '-1%' 

'11-20mm / Grade 3' 47453 '17.85%  (0.6%)' '17.31%  (0.1%)' '-0.54%' 

'11-20mm / Grade 4' 2660 '17.47%  (1.9%)' '18.81%  (0.4%)' '1.34%' 

'21-30mm / Grade 1' 7311 '12.44%  (1.9%)' '8.18%  (0.1%)' '-4.25%' 

'21-30mm / Grade 2' 28569 '20.14%  (0.9%)' '18.52%  (0.1%)' '-1.62%' 

'21-30mm / Grade 3' 34447 '26.74%  (0.8%)' '26.52%  (0.1%)' '-0.22%' 

'21-30mm / Grade 4' 1917 '24.71%  (2.5%)' '28.76%  (0.5%)' '4.05%' 

'31-40mm / Grade 1' 1934 '16.45%  (4.3%)' '11.35%  (0.2%)' '-5.1%' 

'31-40mm / Grade 2' 8892 '25.88%  (1.7%)' '25.32%  (0.2%)' '-0.56%' 

'31-40mm / Grade 3' 14175 '32.07%  (1.3%)' '34.86%  (0.2%)' '2.79%' 

'31-40mm / Grade 4' 866 '32.97%  (4.3%)' '37.62%  (0.8%)' '4.65%' 

'41-50mm / Grade 1' 957 '15.05%  (5.3%)' '13.68%  (0.4%)' '-1.37%' 

'41-50mm / Grade 2' 3986 '28.03%  (2.8%)' '30.58%  (0.3%)' '2.55%' 

'41-50mm / Grade 3' 6386 '36.89%  (2%)' '41.99%  (0.3%)' '5.1%' 

'41-50mm / Grade 4' 406 '38.53%  (6.9%)' '44.77%  (1.2%)' '6.24%' 

'Weighted Mean Error' '-0.99%' 

'Median Absolute Error' '2.21%' 

'Weighted Mean Absolute Error' '1.57%' 

'Maximum Error' '6.24% (41-50mm / Grade 4 group)' 

'Concordance Index' '0.9474' 
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SNAP.validate({'c', 'ci', 'm', 0}, [180], @Breast.getCummDeathRisks, 'SEER_10_Breast_Base', 

Breast.snapFilter, { {DBInfo.TUMOR_SIZE, [0:10:50], '>'},{DBInfo.GRADE, [1:4], '='}}); 
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Table and Figure 2q:  Verification of the SNAP method on the SEER dataset (patients after 1987, 

parameters for the outcome calculator, see TABLE I).  Permutations of 10 mm tumor size bins and 

estrogen/progesterone receptor status 

 

GroupÀ N  Observed Lethality 

(SEM) 

Predicted Lethality 

(SEM) 

Model Error  

 (pred ï obs) 

'1-10mm / ER- / PR-' 10804 '11.81%  (1.1%)' '7.98%  (0.1%)' '-3.83%' 

'1-10mm / ER- / PR+' 1490 '7.48%  (1.8%)' '6.44%  (0.3%)' '-1.04%' 

'1-10mm / ER+ / PR-' 10917 '7.98%  (1.2%)' '5.41%  (0.1%)' '-2.57%' 

'1-10mm / ER+ / PR+' 59828 '6.23%  (0.5%)' '4.26%  (0%)' '-1.97%' 

'11-20mm / ER- / PR-' 23658 '17.76%  (0.8%)' '17.61%  (0.1%)' '-0.15%' 

'11-20mm / ER- / PR+' 2757 '16.34%  (1.9%)' '14.98%  (0.3%)' '-1.37%' 

'11-20mm / ER+ / PR-' 16386 '14.17%  (1%)' '13.41%  (0.1%)' '-0.76%' 

'11-20mm / ER+ / 

PR+' 

96180 '11.69%  (0.4%)' '10.36%  (0%)' '-1.33%' 

'21-30mm / ER- / PR-' 17041 '26.26%  (1.1%)' '27.53%  (0.2%)' '1.27%' 

'21-30mm / ER- / PR+' 1502 '26.99%  (3.5%)' '24.28%  (0.5%)' '-2.71%' 

'21-30mm / ER+ / PR-' 8114 '24.96%  (1.8%)' '23.26%  (0.2%)' '-1.7%' 

'21-30mm / ER+ / 

PR+' 

40345 '20.06%  (0.8%)' '18.44%  (0.1%)' '-1.62%' 

'31-40mm / ER- / PR-' 7408 '30.62%  (1.7%)' '36.18%  (0.3%)' '5.56%' 

'31-40mm / ER- / PR+' 590 '32%  (5.1%)' '32.17%  (0.9%)' '0.17%' 

'31-40mm / ER+ / PR-' 3047 '30.98%  (2.9%)' '31.42%  (0.4%)' '0.44%' 

'31-40mm / ER+ / 

PR+' 

12834 '27.41%  (1.5%)' '25.64%  (0.2%)' '-1.77%' 

'41-50mm / ER- / PR-' 3404 '37.56%  (2.6%)' '43.18%  (0.4%)' '5.62%' 

'41-50mm / ER- / PR+' 244 '35.84%  (8.1%)' '38.32%  (1.5%)' '2.47%' 

'41-50mm / ER+ / PR-' 1393 '34.03%  (4.3%)' '37.12%  (0.7%)' '3.1%' 

'41-50mm / ER+ / 

PR+' 

5816 '27.09%  (2.3%)' '30.87%  (0.3%)' '3.78%' 

'Weighted Mean Error' '-1.03%' 

'Median Absolute Error' '1.74%' 

'Weighted Mean Absolute Error' '1.71%' 

'Maximum Error' '5.62% (41-50mm / ER- / PR- group)' 

'Concordance Index' '0.9632' 
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SNAP.validate({'c', 'ci', 'm', 0}, [180], @Breast.getCummDeathRisks, 'SEER_10_Breast_Base', 

Breast.snapFilter, { {DBInfo.TUMOR_SIZE, [0:10:50], '>'},{DBInfo.ER_STATUS, [0,1], 

'='},{DBInfo.PR_STATUS, [0,1], '='}}); 
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Table and Figure 2r:  Verification of the SNAP method on the SEER dataset (patients after 1987, 

parameters for the outcome calculator, see TABLE I).  Permutations of 10 mm tumor size bins and 

histological type 

 

GroupÀ N  Observed Lethality 

(SEM) 

Predicted Lethality 

(SEM) 

Model Error  

 (pred ï obs) 

'Ductal / 1-10mm' 75544 '7.46%  (0.4%)' '5.38%  (0%)' '-2.08%' 

'Ductal / 11-20mm' 124551 '14.01%  (0.3%)' '13.05%  (0%)' '-0.96%' 

'Ductal / 21-30mm' 59713 '23.95%  (0.6%)' '23.06%  (0.1%)' '-0.89%' 

'Ductal / 31-40mm' 21084 '29.88%  (1%)' '31.82%  (0.2%)' '1.94%' 

'Ductal / 41-50mm' 9004 '34.67%  (1.5%)' '38.73%  (0.3%)' '4.06%' 

'Lobular / 1-10mm' 5879 '6.57%  (1.2%)' '4.78%  (0.1%)' '-1.79%' 

'Lobular / 11-20mm' 11874 '12.08%  (1.2%)' '9.75%  (0.1%)' '-2.33%' 

'Lobular / 21-30mm' 6312 '18.55%  (1.9%)' '16.25%  (0.2%)' '-2.3%' 

'Lobular / 31-40mm' 2544 '28.01%  (3.5%)' '22.82%  (0.4%)' '-5.19%' 

'Lobular / 41-50mm' 1594 '26.8%  (4.4%)' '27.34%  (0.5%)' '0.54%' 

'Lobular + Ductal / 1-

10mm' 

6995 '6.03%  (1.3%)' '4.48%  (0.1%)' '-1.54%' 

'Lobular + Ductal / 11-

20mm' 

13686 '12.18%  (1.2%)' '9.84%  (0.1%)' '-2.33%' 

'Lobular + Ductal / 21-

30mm' 

6519 '21.09%  (2.3%)' '17.06%  (0.2%)' '-4.04%' 

'Lobular + Ductal / 31-

40mm' 

2082 '28.55%  (4.2%)' '23.8%  (0.4%)' '-4.75%' 

'Lobular + Ductal / 41-

50mm' 

1116 '27.48%  (6.5%)' '29.3%  (0.6%)' '1.82%' 

'Mucinous / 1-10mm' 2837 '3.28%  (1.1%)' '1.68%  (0%)' '-1.61%' 

'Mucinous / 11-20mm' 4157 '6.09%  (1.4%)' '3.48%  (0.1%)' '-2.61%' 

'Mucinous / 21-30mm' 1710 '11.19%  (2.5%)' '6.08%  (0.2%)' '-5.11%' 

'Mucinous / 31-40mm' 604 '15.92%  (5.4%)' '8.66%  (0.4%)' '-7.25%' 

'Mucinous / 41-50mm' 261 '10.94%  (6.2%)' '11.18%  (0.7%)' '0.25%' 

'Medullary / 1-10mm' 351 '7.6%  (3.7%)' '5.56%  (0.5%)' '-2.04%' 

'Medullary / 11-20mm' 1609 '9.25%  (1.8%)' '10.37%  (0.3%)' '1.12%' 

'Medullary / 21-30mm' 1308 '12.87%  (2.3%)' '15.69%  (0.3%)' '2.82%' 

'Medullary / 31-40mm' 502 '16.25%  (4%)' '20.43%  (0.5%)' '4.18%' 

'Medullary / 41-50mm' 175 '23.3%  (7.4%)' '24.69%  (1%)' '1.39%' 

'Tubular / 1-10mm' 3938 '3.39%  (1.2%)' '0.77%  (0%)' '-2.62%' 

'Tubular / 11-20mm' 1617 '4.02%  (2.1%)' '1.67%  (0.1%)' '-2.35%' 

'Tubular / 21-30mm' 185 '8.78%  (6.1%)' '3.3%  (0.3%)' '-5.48%' 

'Tubular / 31-40mm' 43 '0%  (0%)' '5.56%  (0.9%)' '5.56%' 
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'Comedo / 1-10mm' 946 '10.02%  (2.3%)' '5.32%  (0.3%)' '-4.69%' 

'Comedo / 11-20mm' 1213 '16.22%  (2.3%)' '12.78%  (0.4%)' '-3.43%' 

'Comedo / 21-30mm' 682 '26.17%  (3.7%)' '20.24%  (0.7%)' '-5.93%' 

'Comedo / 31-40mm' 313 '28.79%  (5.7%)' '26.77%  (1%)' '-2.03%' 

'Comedo / 41-50mm' 176 '31.3%  (7.2%)' '34.33%  (1.5%)' '3.04%' 

'Scirrhous / 1-10mm' 78 '13.82%  (9.2%)' '9.87%  (1.3%)' '-3.95%' 

'Scirrhous / 11-20mm' 179 '18.09%  (6.8%)' '20.49%  (1.8%)' '2.4%' 

'Papillary / 1-10mm' 213 '2.06%  (2.1%)' '2.02%  (0.3%)' '-0.04%' 

'Papillary / 11-20mm' 266 '8.94%  (5.5%)' '4.84%  (0.4%)' '-4.1%' 

'Papillary / 21-30mm' 156 '4.82%  (3.8%)' '9.03%  (0.9%)' '4.2%' 

'Papillary / 31-40mm' 50 '8.25%  (8.3%)' '10.84%  (1.5%)' '2.59%' 

'Cribriform / 1-10mm' 325 '6.38%  (6%)' '3.43%  (0.3%)' '-2.95%' 

'Cribriform / 11-

20mm' 

439 '3.82%  (3.8%)' '7.82%  (0.5%)' '4%' 

'Cribriform / 21-

30mm' 

130 '14.74%  (9.6%)' '13.1%  (1.3%)' '-1.64%' 

'Apocrine / 1-10mm' 234 '2.95%  (2.9%)' '5.61%  (0.6%)' '2.66%' 

'Apocrine / 11-20mm' 368 '12.12%  (8.8%)' '12.63%  (0.8%)' '0.5%' 

'Weighted Mean Error' '-1.19%' 

'Median Absolute Error' '2.59%' 

'Weighted Mean Absolute Error' '1.68%' 

'Maximum Error' '-7.25% (Mucinous / 31-40mm group)' 

'Concordance Index' '0.8808' 

'Many groups excluded due to insufficient follow-up or observed confidence intervals > 20%' 
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SNAP.validate({'c', 'ci', 'm', 0}, [180], @Breast.getCummDeathRisks, 'SEER_10_Breast_Base', 

Breast.snapFilter, {{DBInfo.HISTOLOGY, Breast.histologies, '='},{DBInfo.TUMOR_SIZE, 

[0:10:50], '>'}});  
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Table and Figure 2s:  Verification of the SNAP method on the SEER dataset (patients after 1987, 

parameters for the outcome calculator, see TABLE I).  Permutations of number of positive lymph nodes 

and estrogen/progesterone receptor status 

 

 

GroupÀ N  Observed Lethality 

(SEM) 

Predicted Lethality 

(SEM) 

Model Error  

 (pred ï obs) 

'0 nodes / ER- / PR-' 42735 '15.89%  (0.6%)' '16.19%  (0.1%)' '0.31%' 

'0 nodes / ER- / PR+' 4504 '13.05%  (1.4%)' '12.09%  (0.2%)' '-0.97%' 

'0 nodes / ER+ / PR-' 28058 '11.92%  (0.7%)' '10.03%  (0.1%)' '-1.89%' 

'0 nodes / ER+ / PR+' 152052 '9.18%  (0.3%)' '7.43%  (0%)' '-1.75%' 

'1 nodes / ER- / PR-' 8671 '27.38%  (1.6%)' '26.53%  (0.2%)' '-0.84%' 

'1 nodes / ER- / PR+' 901 '23.06%  (4.2%)' '21.26%  (0.6%)' '-1.8%' 

'1 nodes / ER+ / PR-' 5517 '21.46%  (2.4%)' '20.11%  (0.2%)' '-1.35%' 

'1 nodes / ER+ / PR+' 30135 '17.11%  (1%)' '15.19%  (0.1%)' '-1.92%' 

'2 nodes / ER- / PR-' 4046 '32.99%  (2.3%)' '34.07%  (0.3%)' '1.07%' 

'2 nodes / ER- / PR+' 477 '30%  (5.7%)' '27.9%  (0.8%)' '-2.1%' 

'2 nodes / ER+ / PR-' 2485 '26.76%  (2.9%)' '27.43%  (0.4%)' '0.67%' 

'2 nodes / ER+ / PR+' 13459 '22.21%  (1.4%)' '21.19%  (0.1%)' '-1.02%' 

'3 nodes / ER- / PR-' 2416 '38.43%  (3%)' '40.87%  (0.4%)' '2.43%' 

'3 nodes / ER- / PR+' 239 '35.18%  (7.9%)' '33.39%  (1.3%)' '-1.79%' 

'3 nodes / ER+ / PR-' 1398 '34.11%  (4.5%)' '34.24%  (0.6%)' '0.13%' 

'3 nodes / ER+ / PR+' 7457 '25.44%  (2%)' '26.79%  (0.2%)' '1.35%' 

'4 nodes / ER- / PR-' 1654 '42.02%  (3.8%)' '46.32%  (0.5%)' '4.3%' 

'4 nodes / ER+ / PR-' 900 '38.86%  (6.1%)' '39.14%  (0.7%)' '0.28%' 

'4 nodes / ER+ / PR+' 4631 '31.92%  (2.7%)' '31.59%  (0.3%)' '-0.33%' 

'5 nodes / ER- / PR-' 1146 '45.25%  (4.5%)' '50.5%  (0.6%)' '5.25%' 

'5 nodes / ER+ / PR-' 623 '41.52%  (6.9%)' '44.33%  (0.8%)' '2.81%' 

'5 nodes / ER+ / PR+' 3249 '36.79%  (3.3%)' '36.12%  (0.3%)' '-0.67%' 

'6 nodes / ER- / PR-' 941 '48.88%  (4.4%)' '54.9%  (0.6%)' '6.02%' 

'6 nodes / ER+ / PR-' 492 '38.51%  (6.9%)' '47.93%  (0.9%)' '9.43%' 

'6 nodes / ER+ / PR+' 2282 '36.39%  (3.7%)' '40.17%  (0.4%)' '3.78%' 

'7 nodes / ER- / PR-' 706 '48.36%  (5.1%)' '59.46%  (0.7%)' '11.1%' 

'7 nodes / ER+ / PR-' 384 '44.32%  (7.6%)' '51.95%  (1.2%)' '7.63%' 

'7 nodes / ER+ / PR+' 1738 '42.52%  (4.5%)' '44.01%  (0.5%)' '1.49%' 

'Weighted Mean Error' '-1.03%' 

'Median Absolute Error' '1.77%' 

'Weighted Mean Absolute Error' '1.54%' 

'Maximum Error' '11.1% (7 nodes / ER- / PR- group)' 

'Concordance Index' '0.9577' 
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'Groups 4 nodes / ER- / PR+, 5 nodes / ER- / PR+, 6 nodes / ER- / PR+, 7 nodes / ER- / PR+ 

excluded due to insufficient follow-up or observed confidence intervals > 20%' 
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SNAP.validate({'c', 'ci', 'm', 0}, [180], @Breast.getCummDeathRisks, 'SEER_10_Breast_Base', 

Breast.snapFilter, { {DBInfo.POSITIVE_NODES, [0:7], '='},{DBInfo.ER_STATUS, [0,1], 

'='},{DBInfo.PR_STATUS, [0,1], '='}}); 
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Table and Figure 2t:  Verification of the SNAP method on the SEER dataset (patients after 1987, 

parameters for the outcome calculator, see TABLE I).  Permutations of tumor grade and 

estrogen/progesterone receptor status 

 

GroupÀ N  Observed Lethality 

(SEM) 

Predicted Lethality 

(SEM) 

Model Error  

 (pred ï obs) 

'Grade 1 / ER- / PR-' 1833 '12.46%  (2.7%)' '5.92%  (0.2%)' '-6.54%' 

'Grade 1 / ER- / PR+' 624 '8.04%  (3.8%)' '5.03%  (0.3%)' '-3.01%' 

'Grade 1 / ER+ / PR-' 7540 '7.92%  (1.9%)' '4.81%  (0.1%)' '-3.11%' 

'Grade 1 / ER+ / PR+' 50825 '6.16%  (0.6%)' '4.14%  (0%)' '-2.02%' 

'Grade 2 / ER- / PR-' 11565 '20.36%  (1.2%)' '15.61%  (0.2%)' '-4.76%' 

'Grade 2 / ER- / PR+' 1917 '15.24%  (2.4%)' '14.09%  (0.4%)' '-1.15%' 

'Grade 2 / ER+ / PR-' 16128 '16.32%  (1.3%)' '14.18%  (0.2%)' '-2.14%' 

'Grade 2 / ER+ / PR+' 98142 '12.2%  (0.5%)' '11.71%  (0.1%)' '-0.48%' 

'Grade 3 / ER- / PR-' 42201 '22.95%  (0.7%)' '25.01%  (0.1%)' '2.06%' 

'Grade 3 / ER- / PR+' 3086 '23.57%  (2.2%)' '22.38%  (0.5%)' '-1.19%' 

'Grade 3 / ER+ / PR-' 11797 '22.57%  (1.4%)' '23.59%  (0.3%)' '1.03%' 

'Grade 3 / ER+ / PR+' 44434 '20.66%  (0.8%)' '19.36%  (0.1%)' '-1.3%' 

'Grade 4 / ER- / PR-' 2299 '21.8%  (2.5%)' '27.14%  (0.6%)' '5.35%' 

'Grade 4 / ER- / PR+' 204 '20.1%  (6.2%)' '23.68%  (2%)' '3.59%' 

'Grade 4 / ER+ / PR-' 584 '22.24%  (4.5%)' '24.66%  (1.3%)' '2.42%' 

'Grade 4 / ER+ / PR+' 2462 '20.1%  (2.4%)' '20.62%  (0.5%)' '0.52%' 

'Weighted Mean Error' '-0.76%' 

'Median Absolute Error' '2.1%' 

'Weighted Mean Absolute Error' '1.54%' 

'Maximum Error' '-6.54% (Grade 1 / ER- / PR- group)' 

'Concordance Index' '0.8667' 

'Groups 75-80%, 80-85%, 85-90%, 90-95%, 95-100% excluded due to insufficient follow-up 

or observed confidence intervals > 20%' 
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SNAP.validate({'c', 'ci', 'm', 0}, [180], @Breast.getCummDeathRisks, 'SEER_10_Breast_Base', 

Breast.snapFilter, { {DBInfo.GRADE, [1:4], '='},{DBInfo.ER_STATUS, [0,1], 

'='},{DBInfo.PR_STATUS, [0,1], '='}}); 
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Table and Figure 2u:  Verification of t he SNAP method on the SEER dataset (patients after 1987, 

parameters for the outcome calculator, see TABLE I).  Permutations of tumor grade and histological type 

 

GroupÀ N  Observed Lethality 

(SEM) 

Predicted Lethality 

(SEM) 

Model Error  

 (pred ï obs) 

'Ductal / Grade 1' 47528 '6.76%  (0.5%)' '4.61%  (0%)' '-2.15%' 

'Ductal / Grade 2' 114160 '13.82%  (0.4%)' '12.77%  (0.1%)' '-1.05%' 

'Ductal / Grade 3' 100368 '22.3%  (0.4%)' '22.67%  (0.1%)' '0.38%' 

'Ductal / Grade 4' 5091 '22.79%  (1.6%)' '24.78%  (0.4%)' '1.99%' 

'Lobular / Grade 1' 4885 '8.95%  (2.4%)' '5.52%  (0.1%)' '-3.43%' 

'Lobular / Grade 2' 9911 '13.69%  (2%)' '12.51%  (0.2%)' '-1.18%' 

'Lobular / Grade 3' 2735 '20.2%  (2.8%)' '18.38%  (0.4%)' '-1.81%' 

'Lobular / Grade 4' 291 '15.08%  (5.6%)' '19.25%  (1.4%)' '4.17%' 

'Lobular + Ductal / 

Grade 1' 

5728 '7.34%  (2.2%)' '4.55%  (0.1%)' '-2.78%' 

'Lobular + Ductal / 

Grade 2' 

14914 '12.46%  (1.5%)' '11.5%  (0.1%)' '-0.96%' 

'Lobular + Ductal / 

Grade 3' 

6133 '21.31%  (2.3%)' '18.35%  (0.3%)' '-2.96%' 

'Lobular + Ductal / 

Grade 4' 

380 '22.28%  (6.3%)' '19.15%  (1.3%)' '-3.13%' 

'Mucinous / Grade 1' 3891 '4.96%  (1.7%)' '2.06%  (0%)' '-2.91%' 

'Mucinous / Grade 2' 2370 '7.36%  (1.9%)' '4.86%  (0.1%)' '-2.5%' 

'Mucinous / Grade 3' 369 '11.55%  (6.8%)' '8.53%  (0.6%)' '-3.03%' 

'Mucinous / Grade 4' 42 '9.61%  (9.6%)' '8.55%  (1.8%)' '-1.05%' 

'Medullary / Grade 2' 199 '16.84%  (7.4%)' '10.53%  (0.9%)' '-6.31%' 

'Medullary / Grade 3' 2029 '12.55%  (2.4%)' '14.6%  (0.3%)' '2.05%' 

'Medullary / Grade 4' 239 '11.78%  (5.1%)' '16.95%  (1.1%)' '5.17%' 

'Tubular / Grade 1' 4303 '3.66%  (1.4%)' '0.85%  (0%)' '-2.82%' 

'Tubular / Grade 2' 521 '4.35%  (3.4%)' '2.06%  (0.1%)' '-2.29%' 

'Tubular / Grade 3' 60 '6.29%  (6.3%)' '3.06%  (0.6%)' '-3.23%' 

'Comedo / Grade 1' 111 '10.91%  (7.1%)' '4.89%  (0.7%)' '-6.02%' 

'Comedo / Grade 2' 755 '18.93%  (3.3%)' '11.96%  (0.7%)' '-6.96%' 

'Comedo / Grade 3' 1227 '24.54%  (3%)' '18.08%  (0.7%)' '-6.46%' 

'Comedo / Grade 4' 215 '15.08%  (5.2%)' '17.5%  (1.7%)' '2.42%' 

'Scirrhous / Grade 2' 132 '14.32%  (6.9%)' '21.3%  (2.3%)' '6.99%' 

'Papillary / Grade 1' 208 '5.02%  (5%)' '2.44%  (0.2%)' '-2.58%' 

'Papillary / Grade 3' 76 '9.44%  (9%)' '11.77%  (1.6%)' '2.34%' 

'Cribriform / Grade 1' 449 '5.15%  (5.1%)' '4.26%  (0.3%)' '-0.89%' 

'Cribriform / Grade 2' 303 '9.12%  (7.7%)' '10.18%  (0.8%)' '1.06%' 
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'Apocrine / Grade 2' 416 '5.72%  (3.2%)' '12.77%  (0.9%)' '7.05%' 

'Weighted Mean Error' '-0.89%' 

'Median Absolute Error' '2.68%' 

'Weighted Mean Absolute Error' '1.25%' 

'Maximum Error' '7.05% (Apocrine / Grade 2 group)' 

'Concordance Index' '0.8690' 

Many groups excluded due to insufficient follow-up or observed confidence intervals > 20%' 
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SNAP.validate({'c', 'ci', 'm', 0}, [180], @Breast.getCummDeathRisks, 'SEER_10_Breast_Base', 

Breast.snapFilter, {{DBInfo.HISTOLOGY, Breast.histologies, '='}, {DBInfo.GRADE, [1:4], '='}}); 
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Table and Figure 2v:  Verification of the SNAP method on the SEER dataset (patients after 

1987, parameters for the outcome calculator, see TABLE I).  Grouped by race 
 

GroupÀ N  Observed Lethality 

(SEM) 

Predicted Lethality 

(SEM) 

Model Error  

 (pred ï obs) 

'white' 331854 '14.91%  (0.2%)' '13.8%  (0%)' '-1.11%' 

'black' 30763 '22.49%  (0.8%)' '18.37%  (0.2%)' '-4.12%' 

'other' 29826 '13.75%  (0.7%)' '15.14%  (0.1%)' '1.39%' 

'Weighted Mean Error' '-1.16%' 

'Median Absolute Error' '1.39%' 

'Weighted Mean Absolute Error' '1.37%' 

'Maximum Error' '-4.12% (black group)' 

'Concordance Index' '0.6667' 
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SNAP.validate({'c', 'ci', 'm', 0}, [180], @Breast.getCummDeathRisks, 
'SEER_10_Breast_Base', Breast.snapFilter, {{DBInfo.RACE_ETHNICITY, [0,1,2,98], 
'>'}});  
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Table and Figure 2w:  Verification of the SNAP method on the SEER dataset (patients after 

1987, parameters for the outcome calculator, see TABLE I).  Grouped by sex 
 

GroupÀ N  Observed Lethality 

(SEM) 

Predicted Lethality 

(SEM) 

Model Error  

 (pred ï obs) 

'male' 2530 '20.86%  (2.9%)' '15.42%  (0.4%)' '-5.45%' 

'female' 391259 '15.35%  (0.2%)' '14.25%  (0%)' '-1.1%' 

'Weighted Mean Error' '-1.13%' 

'Median Absolute Error' '3.27%' 

'Weighted Mean Absolute Error' '1.13%' 

'Maximum Error' '-5.45% (male group)' 

'Concordance Index' '1.0000' 
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SNAP.validate({'c', 'ci', 'm', 0}, [180], @Breast.getCummDeathRisks, 
'SEER_10_Breast_Base', Breast.snapFilter, {{DBInfo.SEX, [1,2], '='}});  
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Table and Figure 2x:  Verification of the SNAP method on the SEER dataset (patients after 

1987, parameters for the outcome calculator, see TABLE I).  Grouped by age 
 

GroupÀ N  Observed Lethality 

(SEM) 

Predicted Lethality 

(SEM) 

Model Error  

 (pred ï obs) 

'21-25' 425 '26.83%  (7.2%)' '28.5%  (1.5%)' '1.67%' 

'26-30' 2305 '28.01%  (2.9%)' '28.19%  (0.6%)' '0.18%' 

'31-35' 7741 '24.57%  (1.5%)' '24.94%  (0.3%)' '0.37%' 

'36-40' 18411 '20.68%  (1%)' '22.57%  (0.2%)' '1.89%' 

'41-45' 34962 '15.88%  (0.7%)' '16%  (0.1%)' '0.12%' 

'46-50' 47709 '14.43%  (0.6%)' '14.77%  (0.1%)' '0.34%' 

'51-55' 48852 '14.55%  (0.6%)' '15.99%  (0.1%)' '1.44%' 

'56-60' 49057 '14.8%  (0.6%)' '14.82%  (0.1%)' '0.02%' 

'61-65' 46459 '14.27%  (0.6%)' '13.55%  (0.1%)' '-0.72%' 

'66-70' 43787 '14.83%  (0.5%)' '12.33%  (0.1%)' '-2.5%' 

'71-75' 39299 '14.09%  (0.6%)' '11.21%  (0.1%)' '-2.88%' 

'76-80' 30750 '15.1%  (0.6%)' '9.95%  (0.1%)' '-5.15%' 

'81-85' 17141 '15.48%  (0.8%)' '10.27%  (0.1%)' '-5.21%' 

'86-90' 5635 '15.34%  (1.3%)' '9.12%  (0.2%)' '-6.22%' 

'Weighted Mean Error' '-1.04%' 

'Median Absolute Error' '1.56%' 

'Weighted Mean Absolute Error' '1.71%' 

'Maximum Error' '-6.22% (86-90 group)' 

'Concordance Index' '0.7253' 

'Groups 21-25, 26-30, 86-90, 91-95, 96-100 excluded due to insufficient follow-up or 

observed confidence intervals > 20%' 
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SNAP.validate({'c', 'ci', 'm', 0}, [180], @Breast.getCummDeathRisks, 
'SEER_10_Breast_Base', Breast.snapFilter, {{DBInfo.AGE_AT_DX, [20:5:90], '>'}});  



59 
 

II Validation on the Partners dataset 

 

Table and Figure 2aa:  Verification of the SNAP method on the Partners dataset (patients after 

1987, parameters for the outcome calculator, see TABLE I).  Patients grouped by 10% predicted lethality 

bins using the Size+Nodes+PrognosticFactors equation 

 

GroupÀ N  Observed Lethality 

(SEM) 

Predicted Lethality 

(SEM) 

Model Error  

 (pred ï obs) 

'0-10%' 6015 '4.94%  (0.9%)' '4.84%  (0.1%)' '-0.1%' 

'10-20%' 3099 '11.89%  (1.7%)' '14.44%  (0.1%)' '2.55%' 

'20-30%' 1499 '24.43%  (3.4%)' '24.47%  (0.1%)' '0.04%' 

'30-40%' 730 '29.41%  (5%)' '34.39%  (0.2%)' '4.98%' 

'40-50%' 327 '27.57%  (6.6%)' '44.41%  (0.3%)' '16.84%' 

'Weighted Mean Error' '1.41%' 

'Median Absolute Error' '2.55%' 

'Weighted Mean Absolute Error' '1.52%' 

'Maximum Error' '16.84% (40-50% group)' 

'Concordance Index' '0.9000' 

'Groups 50-60%, 60-70%, 70-80%, 80-90%, 90-100% excluded due to insufficient follow-up 

or observed confidence intervals > 20%' 
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Med. Abs. Error = 2.55%
        c-index = 0.9000

 



60 
 

SNAP.validate({'c', 'ci', 'm', 0}, [180], @Breast.getCummDeathRisks, 'Partners_09_Breast', 

Breast.snapFilter, { {'Predicted Lethality', [0:.1:1], '>'}}); 
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Table and Figure 2bb:  Verification of the SNAP method on the Partners dataset (patients after 

1987, parameters for the outcome calculator, see TABLE I).  Patients grouped by 5% predicted lethality 

bins using the Size+Nodes+PrognosticFactors equation 

 

GroupÀ N  Observed Lethality 

(SEM) 

Predicted Lethality 

(SEM) 

Model Error  

 (pred ï obs) 

'0-5%' 3225 '3.48%  (1.2%)' '2.72%  (0%)' '-0.76%' 

'5-10%' 2790 '6.32%  (1.4%)' '7.29%  (0.1%)' '0.96%' 

'10-15%' 1866 '9.83%  (2%)' '12.47%  (0.1%)' '2.64%' 

'15-20%' 1233 '15.14%  (3%)' '17.42%  (0.1%)' '2.28%' 

'20-25%' 902 '22.43%  (4.4%)' '22.46%  (0.1%)' '0.03%' 

'25-30%' 597 '27.41%  (5.3%)' '27.51%  (0.1%)' '0.1%' 

'30-35%' 432 '30.38%  (7%)' '32.35%  (0.1%)' '1.97%' 

'35-40%' 298 '28.12%  (6.9%)' '37.35%  (0.2%)' '9.23%' 

'40-45%' 197 '26.36%  (8.5%)' '42.48%  (0.2%)' '16.12%' 

'Weighted Mean Error' '1.29%' 

'Median Absolute Error' '1.97%' 

'Weighted Mean Absolute Error' '1.71%' 

'Maximum Error' '16.12% (40-45% group)' 

'Concordance Index' '0.8889' 

'Groups 45-100% excluded due to insufficient follow-up or observed confidence intervals > 

20%' 
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Med. Abs. Error = 1.97%
        c-index = 0.8889

 
 

SNAP.validate({'c', 'ci', 'm', 0}, [180], @Breast.getCummDeathRisks, 'Partners_09_Breast', 

Breast.snapFilter, { {'Predicted Lethality', [0:.05:1], '>'}}); 



63 
 

Table and Figure 2cc:  Verification of the SNAP method on the Partners dataset (patients after 

1987, parameters for the outcome calculator, see TABLE I).  Patients grouped by 2% predicted lethality 

bins using the Size+Nodes+PrognosticFactors equation 

 

GroupÀ N  Observed Lethality 

(SEM) 

Predicted Lethality 

(SEM) 

Model Error  

 (pred ï obs) 

'0-2%' 1124 '2.18%  (1.5%)' '1.24%  (0%)' '-0.94%' 

'2-4%' 1428 '3.5%  (1.8%)' '3.02%  (0%)' '-0.48%' 

'4-6%' 1311 '5.71%  (1.9%)' '5.04%  (0%)' '-0.68%' 

'6-8%' 1276 '6.14%  (2%)' '7.01%  (0%)' '0.87%' 

'8-10%' 876 '6.27%  (2.5%)' '8.95%  (0%)' '2.68%' 

'10-12%' 826 '8.67%  (2.7%)' '11.06%  (0%)' '2.39%' 

'12-14%' 713 '8.75%  (3%)' '13.14%  (0%)' '4.39%' 

'14-16%' 617 '13.8%  (3.8%)' '15%  (0%)' '1.2%' 

'16-18%' 497 '13.66%  (4.9%)' '17.06%  (0.1%)' '3.41%' 

'18-20%' 446 '18.49%  (5.5%)' '19.07%  (0.1%)' '0.58%' 

'20-22%' 387 '19.7%  (6.5%)' '21.08%  (0.1%)' '1.39%' 

'22-24%' 337 '21.31%  (7.1%)' '22.95%  (0.1%)' '1.64%' 

'24-26%' 302 '31.13%  (8.6%)' '24.94%  (0.1%)' '-6.19%' 

'26-28%' 246 '23.24%  (7.7%)' '27.16%  (0.1%)' '3.91%' 

'28-30%' 227 '29.35%  (8%)' '28.97%  (0.1%)' '-0.38%' 

'30-32%' 207 '28.72%  (9.2%)' '31.06%  (0.1%)' '2.35%' 

'Weighted Mean Error' '0.85%' 

'Median Absolute Error' '1.51%' 

'Weighted Mean Absolute Error' '1.7%' 

'Maximum Error' '-6.19% (24-26% group)' 

'Concordance Index' '0.9583' 

'Groups 32-100% excluded due to insufficient follow-up or observed confidence intervals > 

20%' 
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        c-index = 0.9583

 
 

SNAP.validate({'c', 'ci', 'm', 0}, [180], @Breast.getCummDeathRisks, 'Partners_09_Breast', 

Breast.snapFilter, { {'Predicted Lethality', [0:.02:.32], '>'}}); 
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Table and Figure 2dd:  Verification of the SNAP method on the Partners dataset (patients after 

1987, parameters for the outcome calculator, see TABLE I).  Patients grouped by 10% predicted lethality 

percentiles using the Size+Nodes+PrognosticFactors equation 

 

GroupÀ N  Observed Lethality 

(SEM) 

Predicted Lethality 

(SEM) 

Model Error  

 (pred ï obs) 

'0-10 %tile' 1182 '2.47%  (1.5%)' '1.29%  (0%)' '-1.19%' 

'10-20 %tile' 1183 '3.09%  (2%)' '2.93%  (0%)' '-0.16%' 

'20-30 %tile' 1182 '4.97%  (1.9%)' '4.65%  (0%)' '-0.32%' 

'30-40 %tile' 1185 '6.29%  (2.2%)' '6.45%  (0%)' '0.16%' 

'40-50 %tile' 1180 '6.7%  (2.1%)' '8.43%  (0%)' '1.73%' 

'50-60 %tile' 1183 '8.66%  (2.4%)' '11.27%  (0.1%)' '2.61%' 

'60-70 %tile' 1182 '10.77%  (2.5%)' '14.53%  (0.1%)' '3.77%' 

'70-80 %tile' 1182 '18.17%  (3.6%)' '19.03%  (0.1%)' '0.86%' 

'80-90 %tile' 1183 '26.61%  (3.9%)' '25.63%  (0.1%)' '-0.98%' 

'90-100 %tile' 1181 '29.33%  (3.7%)' '40.18%  (0.5%)' '10.85%' 

'Weighted Mean Error' '1.73%' 

'Median Absolute Error' '1.08%' 

'Weighted Mean Absolute Error' '2.26%' 

'Maximum Error' '10.85% (90-100 %tile group)' 

'Concordance Index' '1.0000' 

'Groups 32-100% excluded due to insufficient follow-up or observed confidence intervals > 

20%' 
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Med. Abs. Error = 1.08%
        c-index = 1.0000

 
 

SNAP.validate({'c', 'ci', 'm', 0}, [180], @Breast.getCummDeathRisks, 'Partners_09_Breast', 

Breast.snapFilter, { {'Predicted Lethality', [0:10:100], '%'}}); 
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Table and Figure 2ee:  Verification of the SNAP method on the Partners dataset (patients after 

1987, parameters for the outcome calculator, see TABLE I).  Patients grouped by 5% predicted lethality 

percentiles using the Size+Nodes+PrognosticFactors equation 

 

GroupÀ N  Observed Lethality 

(SEM) 

Predicted Lethality 

(SEM) 

Model Error  

 (pred ï obs) 

'0-5 %tile' 591 '1.45%  (1.4%)' '0.83%  (0%)' '-0.62%' 

'5-10 %tile' 591 '3.54%  (2.4%)' '1.74%  (0%)' '-1.79%' 

'10-15 %tile' 592 '2.59%  (2.6%)' '2.52%  (0%)' '-0.07%' 

'15-20 %tile' 591 '3.53%  (3%)' '3.34%  (0%)' '-0.18%' 

'20-25 %tile' 591 '4.54%  (2.7%)' '4.19%  (0%)' '-0.35%' 

'25-30 %tile' 591 '5.35%  (2.7%)' '5.12%  (0%)' '-0.24%' 

'30-35 %tile' 592 '6.2%  (3.1%)' '5.99%  (0%)' '-0.21%' 

'35-40 %tile' 593 '6.28%  (3.2%)' '6.9%  (0%)' '0.62%' 

'40-45 %tile' 589 '6.47%  (2.9%)' '7.85%  (0%)' '1.38%' 

'45-50 %tile' 591 '6.88%  (3%)' '9.02%  (0%)' '2.14%' 

'50-55 %tile' 591 '7.24%  (3.3%)' '10.51%  (0%)' '3.27%' 

'55-60 %tile' 592 '9.99%  (3.4%)' '12.03%  (0%)' '2.03%' 

'60-65 %tile' 591 '10.3%  (3.5%)' '13.67%  (0%)' '3.37%' 

'65-70 %tile' 591 '11.1%  (3.5%)' '15.4%  (0%)' '4.29%' 

'70-75 %tile' 591 '16.09%  (4.7%)' '17.7%  (0.1%)' '1.61%' 

'75-80 %tile' 591 '19.89%  (5.2%)' '20.36%  (0.1%)' '0.47%' 

'80-85 %tile' 591 '23.9%  (5.4%)' '23.48%  (0.1%)' '-0.42%' 

'85-90 %tile' 592 '29.3%  (5.5%)' '27.77%  (0.1%)' '-1.53%' 

'90-95 %tile' 591 '27.02%  (5.5%)' '33.76%  (0.2%)' '6.74%' 

'95-100 %tile' 590 '31.56%  (5.1%)' '46.61%  (0.6%)' '15.05%' 

'Weighted Mean Error' '1.78%' 

'Median Absolute Error' '1.46%' 

'Weighted Mean Absolute Error' '2.32%' 

'Maximum Error' '15.05% (95-100 %tile group)' 

'Concordance Index' '0.9842' 
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Med. Abs. Error = 1.46%
        c-index = 0.9842

 
 

SNAP.validate({'c', 'ci', 'm', 0}, [180], @Breast.getCummDeathRisks, 'Partners_09_Breast', 

Breast.snapFilter, { {'Predicted Lethality', [0:5:100], '%'}}); 
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Table and Figure 2ff:  Verification of the SNAP method on the Partners dataset (patients after 1987, 

parameters for the outcome calculator, see TABLE I).  Patients grouped by 10 mm tumor size bins 

 

GroupÀ N  Observed Lethality 

(SEM) 

Predicted Lethality 

(SEM) 

Model Error  

 (pred ï obs) 

'1-10mm' 4091 '6.21%  (1.2%)' '5.02%  (0.2%)' '-1.19%' 

'11-20mm' 4625 '10.33%  (1.3%)' '12.73%  (0.2%)' '2.4%' 

'21-30mm' 2049 '20.16%  (2.8%)' '22.22%  (0.5%)' '2.05%' 

'31-40mm' 739 '28.29%  (5.1%)' '30.58%  (0.9%)' '2.29%' 

'41-50mm' 320 '25.14%  (6.6%)' '35.69%  (1.3%)' '10.55%' 

'Weighted Mean Error' '1.31%' 

'Median Absolute Error' '2.29%' 

'Weighted Mean Absolute Error' '2.13%' 

'Maximum Error' '10.55% (41-50mm group)' 

'Concordance Index' '0.9000' 
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SNAP.validate({'c', 'ci', 'm', 0}, [180], @Breast.getCummDeathRisks, 'Partners_09_Breast', 

Breast.snapFilter, { {DBInfo.TUMOR_SIZE, [0:10:50], '>'}}); 




