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ABSTRACT

Purpose: Produce an improvedeb-based calculator by usimyblished mathematical models of cancer
lethality to accurately predict the risk of breast carcinoma death in each of 15 yeatsagitesis and the
impact of various treatment choices.

Materials and Methods: The SNAPmethod othe publishedinary biological model of cancer
metastasisisesnformation on tumor size, nodal status, and other prognostic fdctacsurately

estimate bbreast cancer lethality at 15 years after diagnosis. By combining thgsadé&thality

estimates with data on the breast cancer hazard function, breast cancer lethality was estimated at each of
the 15 years after diagnosia. web-based calculator veahencreated 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 nbneastcancer chance of deatfiheaccuracy 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.

Concludon: Our calculatorsavailable 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.



INTRODUCTION

Weighing the risk versube 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 bygs&gmerience, and
intuition. Survival estimates can also be made by the onlinensag#ing tool of the FinProg Study

The most widely used wetol for estimating the risk of breast carcinoma recurrence and death
is Adjuvant!Onliné*, which sortgatients into risk groups, using data from the SEER national dataset,
together with data from the metaanalyses of adjuvant th&tapymake empiricalipased estimates of
the risk of relapse and mortality. Adjuvant!Online was the pioneer in theofielahcer wekcalculators,
and its widespread use among practitioners demonstrated the demand for such infordatsorch, it
provided us with the starting point from which we could consider what additional information should be
available in a secondegeration 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, oiti@eppsdes 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 firgadbafter diagnosis, the time
pointnecessary to capture the full risk of breast carcinoma death (see Karristi. et all.

A previously developed mathematical framework, iiveary biological model of cancer
metastasiscaptures the feature$ the lethal and nofethal spread of cancer c&i3%**’ This
framework includes a series of linked expressionsSta&P(Size + Nodes + Prognostic markgrs
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 deathdoh @atienf*'® The SNAPmethod has proven to
be remarkably accurate in estimating the risk of breast carcinoma death, as confirmed in multiple
populations of patientS’

Here we describe a set of wbhsed calculators, availablehditp://www.cancermath.ngivhich
use theSNAPmethodto estimate thésk 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/

METHODS

Patient data

The CancerMath calculators were tested on data from two datasets: patients in the SEER national
dataset diagnosed from 1920807 (the SEER dataset); and patients diagnosed at the Massachusetts
General and Brigham and-2000(the Padners datasetp iFor anbalgsis,five om 1 9
excluded cases with incomplete nodal or tumor size information, cases diagnosed at betdgsyr 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 Partnetaskt. The Mathematical Methods section below contains
details on how year of diagnosis was handled, and complete details are in re2@rence

Mathematical methods

The mathematics driving the calculatdis binary biological model of cancer metastasis
includes a series of linked equations, 88APmethod, 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 1), as well as th&lodalSizeOnl¥quation, for relating tumor size to node positivity.

The essential mathematics used by the calculators for calculating cancer lethality is the
SNAPmethod*°, which combines information on tumor size, number of positive nodes, and other
prognostic factors, to provide an estimate of thé’&&r KaplanMeier cancesspecific death rate,

(TABLE 1).291%! 15 years was chosen as the end poinhalysis of the hazard function by Karrison et
al*? and ourselvégeveals that while there is a measurable risk of cancer death for at lg@str Eter
diagnosis, by 15 years ~90% of this risk has occurred.

The central parameter of t&NAPmethod Q, was derived as a measure of the probgthili the
lethal spread of a cancer cell from a malignant tutioFhe SNAPmethod useg parameters, which sit
next toQ and modify its value, to then adjuthe risk for cancer subtypes and patient characteristics such
asage, ER/PR/Her?2 status, histology, and grade on the risk of death (TAELE 1).

TheQ parameter can reflect differences in lethality theate occurred over time, as the result of
changes in treatment. For example, using the data reported by Maridfowee dlave found that
between 1975 and 1983 only 10% of breast carcinoma patients received adjuvant therapy, while since
1987 a relativelyonstant majority of patients (~80%) received such thefaReflecting these changes,
before 1983)=0.014751, while after 1983=0.010054. Using the piE983 value 0Q=0.014751 makes
it possible to generate an intrinsic underlying risk of déatlary given patientn 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 metaanalysessummarized by Radvin et'al.For cases in
which treatment is unknown or uncertain, the modern val@@=6f010054 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 deternhinhe KaplaAVieier risk of cancer death after 15
years, the risk of death feach year after diagnosis is determined by 15 sequential multiplicatibrisyof
a 15part step function derived from the normalized breast cancer hazard functionp&ianes with
more advanced cancers are more likely to die in the years immedalelyifig diagnosisten hazard
functions were computed frothe breast carcinoma patients in the SEER dataset, one for each decile of
predicted15 ear | et hal i ty. Af t er -yeaoletlpalityt theragpropriatp at i ent 6 s
hazard function anstep 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 riskoaincen death
(based on the U.S. National Vital Statistics Repdrte compute thexpected cumulative incidence of
both cancer and necancer death under a competing risks mdtel.

For patients who have survived at least one year since diagnosis, conditional survival is
calculated by reducing the 4f&ar lethality estimate by the exped lethality in each of the years the
patient has survived. If the patient has recently been confirmed to have no evidence of distant recurrence,




the chance of death in the following two years is also reduced, with the reduction in death based on the
hazrd 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-nancer causein 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. TheSgayd code for the calculators, together with
documentation, can be viewA8ouncebei brbtweebr bwsee
narrative description of the code can be found at refer2hc8tatistical validation was performed using
MATLAB.

The code behind theancerMattcalculators

The JavaScript code for the calculators, together with documentation, can be viewed in the
br owser by <SAsSloaiagtcierdg i MV itehiere ve alines ther codm éonthidareast
carcinoma treatment calculatpibut the outcomeand conditional survivalcalculators have a similar
structure.The code begins by loading several lengthy arrays, such as the life expectancy tables, and
proceeds through a series s e q u e n whicla drenuinBetrred pek\W, anare also identified ithe
source cod&vhich 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 decimalmp
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, Bieichardson grade
5. Adjuvant therapy options
2. STEP 2 The program calculates yearly and cumulativeastreancer, nehreast cancer, and
total deathrates for each of the 15 years after diagnosis, based on the entered user information:
1. The program loads information on the value of the param&eB primary and Lpernode

(TABLE 1), which are needed texecute theSNAPcalculation §TEP 2.b  below) for

the probability of carer deathto cancer at 15 years.

The program loads information on whether nodal status is known

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

computeghe product of all of them.

4, STEP 2.b The program calculates the -¢6ar KaplaAvieier cancerdeathrate, L,
using theSNAPmethod (TABLES 1 and 2) from information on tumor s{&8EP 1
above) number of positive lymph nodéSTEP 1 above) and other progrstic factors,
as captured by the product of hpparameter¢STEP 2.a above)

5. STEP 2.c The program calculates 15 values for the breast caleaghrate in each of
the 15 years after diagnosis. It accomplishes this for each year by multiplying-the 15
year KaplarMeier cancedeathrate,L, (calculated irSTEP 2.b abové by the fraction
of the total lethality which can be expected in each year. The total lethality expected in
each year is a preomputed 1fpart step function derived from the breast tarma
hazard function, which we have derived from data on all 362,491 breast carcinoma
patients in the SEER dataset for whom we have complete tumoarsizaodal status
informatiort”.

6. STEP 2.d The program calculates 15 values for the-nancerdeathratein each of
the 15 years after diagnosis. It accomplishes this for each year by multiplying the
fraction of patients not dying of cancer (F{deathrate calculated iISTEP 2.b )) times

w N



the yearly risk ofdeathdue to norcancer causes for the given agehe values for the
yearly probability ofdeathdue to all norcancer causes for ages 0 to 100 were taken from
the National Vital Statistis Report (herein e f e r r B\ISRY)'%white she Values for
ages 101 to 123 were extrapolated using the methodaleggribed in the NVSR
Before creating the array valu@s/sr death prob_yearly) we corrected them taccount

for the ~3% ofdeatls that can be ascribed to breast canddrese values were loaded at
the top of the program, befoBTEP 1 as noted above

STEP 2.e The program calculates 15 values for the ovetadithrate in each of the 15
years after diagnosis. It accomplishes this for each year by summing the deatbeste
(STEP 2.c ) and the nortancerdeathrate STEP 2.d ).

STEP 2.f The program daulates 15 values for cumulative breast cancer;breast
cancer, and totadeathrates by summing the respective yearly values computed in the
steps above.

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 uspecified age, based on yearly probabilities of
deathgiven by the NVSR.

STEP 3.b For year 1 through year 15, the gram 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 ovetehthrate STEP 2.f ). This
applies the additional risk from cancer.

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 N\g8/®n value for the
corresponding age (age+15).

STEP 3.d The program then calculates 15 values for the tatedber 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.

STEP 3. e The programcalculates 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 ges 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 agalso from NVSR data). That expected number is the survival
difference calculated Irf8TEP 3.c multiplied by the additional number of years
beyond the age at year 15 to reach age 101.

STEP 3.f Then, working backwards from year 14 to year 0, the progadaulates 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 yeak®dl 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.

STEP 3.9 The program then calculates the mean life expectancy for ther qzatcant

by dividing the new total number of years lived by individuals of the specified age (the
value at year 0 fronSTEP 3.f ) by the number of people out of the group of 100,000
who survive to that ageSTEP 3.f ).



8. STEP 3.h The program calculates the pected years of life lost due to cancer, by
subtracting the calculated life expectan§TEP_3.a ) from the NVSRgiven life
expectancy for the specified age.

STEP 4  The program calculates the yearly and cumulative breast cdeaérates with

therapy:

1. STEP4a The program c alecdwlcattieosn 0t hvea | furei shkased o
of therapies entered by the user and the information collect8@k® 1.c and STEP
1.d , consistent with the assumptionsAafjuvant! Onliné?

2. STEP 4.b The program calculates 15 values for the breast caheathrate with
therapy in each of the 15 years after diagnosis by multiplying theedSKaplarMeier
cancerdeathrate,L, (calculated irSTEP 2.b) by trheed uficrtiisckn o6 v al ue ¢
above, and by the fraction of the total lethality which can be expected in eacdfthgear
15-part step function described 8TEP 2.c  that captures the breast carcinoma hazard
function). This step is analogous to that carried ouBTTEP 2.c describedabove, for
thedeathrate that would occur in the absence of adjuvant therapy.

3. STEP 4.c The program calculates 15 values for the cumulative breast cdeatr
rate in each of the 15 yeardafdiagnosis by summing the respective yearly risks of
cancerdeath with therapy, $TEP 2 ) from the time of diagnosig.his step is analogous
to that carried out i®TEP 2.f describedabove, for theeumulative cancedeathrate
that would occur in the alence of adjuvant therapy.

4, STEP 4d The program calculates 15 values for the cumulative oveealthrate,
with therapy, in each of the 15 years after diagnosis by summing the respective yearly
risks of the sum of the cancdeathrates with therapy§TEP 4.c) and norcancer
death(STEP 2.c ) from the time of diagnosis.

STEP 5 The program calculates life expectancy gained from therapy:

1. STEP 5.a Using the method outlined in the Natial Vital Statistics Repdft the program
first substitutes the NVSBiven yearly norcancer probability ofleathwith the yearly
overall risk ofdeathwith therapy, calculated iBTEP 4 (which includesdeathdue to
cancer as well as causes other than cancer).

2. STEP 5.b Next, theprogram calculates the new total number of years lived by individuals
of the specified age group past that age, by using the valueSTam3

3. STEP 5.c The program then calculates the mean life expectancy with therapy by dividing
the new total number ofears lived by individuals of the specified agIEP 2.d ) by
the number of people out of the group of 100,000 who survive to thaSage (L.b ).

4. STEP 5.d The program calculates the life expectancy gained from therapy by subtracting
the mean life expeatay with therapy $TEP 2.e ) from the mean life expectancy for
the cancer patienSTEP 3 ).

STEP 6  The program graphs the risk curves for can&@FHP 2b), cancer with therapy

(STEP 1.a ), noncancer §TEP 1.a ), overall STEP 2.d ), and overall with therap{STEP

5.b ) in the usesspecified 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 expeSTeERy (

3.a), the life expectancy lost to canc&TEP 3.a ), ard the 15year KaplaAMeier cancer

specificdeathrate STEP 1). For the treatment calculator, the program displays these values, as

well as the risk reduction value from theraTEP 1) and the life expectancy gained from

therapy STEP 5.d ).
STEP 7 The pogram computes grade and staagcording to the AJCEriteria”®




Validation

To test the accuracy of ti8NAPcalculations used in tHereast carcinoma outcon@alculator
(Figure 1b) individuals in the SEER and Partners datasets were sorted infsgromany types and the
predicted survival value calculated by BAPmethod were compared with the actcahcer specific
KaplanMeier death rates for each group in each of the 15 years following diagmbsi€alculators
were validated against bathe 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 coontsinla¢reof. Model bias
was assessed using weighted mean error (preeiotgdrical); model specificity and accuracy was
assessed using mean absolute error, weighted mean absolute error, maximum error, and concordance
index.
The information provided byhe CancerMatlcalculators

The CancerMath breast cancer outcome calculator provides a canceangen, and overall
lethality estimate for each of the 15 years after diagnosis, and how those values are impacted by therapy.
The lethality estimates inclua®nditional 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

fismiflaecye 06 charts, which have be e tashpntbarmagkedoré o pr es
comprehensible to the | ay person The calcul ator
how any therapy might i mpact that |ife expectancy

is also displayed accdrd) to AJCC Seventh Edition staging guidelif®s.

Validation of 15year lethality measures:

. For validation, patients were stratified by tumor size, positive nodes, grade, hormone receptor
status, age, histology, and predicted lethality, and conibirsathereof.For example, th&€NAPmethod
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 ha2&oQisk of death, 294% risk of death, 4%6%, etc). A
cumulatve 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 2A2D). Likewise, when the Partners dataset was swdtiiiy 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 th8 EER 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-2BR). While TABLE 2 FIGURES 2A2D 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 wefssite.
Validation of lethality over each of the 15 years

The values showm TABLE 2 and FIGURE 2 confirm the accuracy of the estimation of the risk
of cancer death at 15 years, as calculate8N#xPcalculations used in th@ancerMath.netalculators
again revealed a remarkable agreement between the calculations providetdregast carcinoma
outcomecalculator and the actual survival values.
Validation of conditional survival calculations




DISCUSSION
We present a web based breast carcinoma outcome calculator which physicians can use when
making treatment choices for indilwal 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, sortedtionor size, nodal status, grade, age ohigly, ER/PR status,
and race. The specificity and accuracy of the underlying mathematics@duticerMath calculatois
confirmed by its ability testratify patients into groups differing by as little as 2% risk of death. We
believe the CancerMath callator presents four distinct advantages over currently available outcome
calculators.
(1) TheCancerMatrcalculator provides information on the risk values for each of the first 15
years after diagnosis, and adjusts these values based on time survivedbginasis. With
treatment decisions increasingly being made many years after diagnosis eigatabd 10
year chemotherapy courses, the additional survival information may be of further use to
clinicians. The Adjuvant!Online calculator provides infoation on the underlying 1@ear
risk of death based only on information at the time of diagnosis.
(2) The CancerMath calculator provides more individualized assessmentdofirisky
stratifying patients based on differences as small as 1mm of tumor sizmntast, the
Adjuvant!Online calculator considers as a single group all patients with turbms 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 aoh = positive nodes, which the
CancerMath calculators indicate have about a 27%e&b cancespecific 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 Cancévlath 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
availdb | e) . This is unlike Adjuvant! Online, for
outcomes of ductal and lobular cancers were accurately predicted, but for other histological
subtypes, the predicted outéomes by Adjuvant
(4) The CamerMath Java Script code that drives calculators is completely visible in the browser,
together with abundant documentatiéf.This not only allows the mathetics 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 theCancerMattbreast carcinoma&alculator is that, liké\djuvant!Online, it relies
on thereductions in death reported by the metaanalysesssummarized by Radvin et &r 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 [Fdtiens. a
leap of faith by bth CancerMath anéddjuvant!Online, but such a calculation arguably captures the
general thinking by oncologists when considering the potential benefit of adjuvant thasape have
noted previousk/, theSizeAssessmemiethod ofthebinary biological madel of cancer metastasidfers
a way to quantify the impact of adjuvant therapy from data outside of trialgyeaack currently
collecting such data for use in future versions of the CancerMath calculators

A further limitation of our methods is theausf patients from 1988007 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 déatlecounting 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 impred 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 datatoretrea
effectiveness on reducing lethality, and thus account for improvements in adjuvant therapy
over time.

(3) Our calculator computes narancer death based only on the most recent U.S. government
data available on population death rdfe€ur research has shown that breast cancer patients
die of nonbreastcancer causes at roughly the same rate as gender, age, race and region
matched control&:

(4) Both the Partners and SEER datasets have grown substantiallf 388 evith 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 lifé~or example, the CancerMatireast carcinoma treatmenalculator
shows that a 34 year old ERR- 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 characteridtmslywjain
50 days of life.

The mathematics used by the CancerMath calculatorbjribey-biological model of cancer
metastasiswas built by considering that each cell in a tumor &ithherspread to the periphery and cause
death,or it will not®®?*, One the advantages of thimary biologicalframework that drives the
CancerMath calculators that thismathematics can work with as little information as is at hével (
SNAPmethod 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 factdesesrmdning the
values of the parameters used to calculate outcome are described in refeagdcan ongoing effort by
our group is to collect such data on additional prognostic factors and add tmsaitibor to the
CancerMath calculatord-or example,ie SNAPmethod provides a way to measthie impacbf local
recurrence on survival, thus offering a way to include the impact of adjuvant radiation therapy in
subsequent versions of the calculaf6fs.

In addition to breast carcinoma, we have found thabitary biologicalmathematical
framework that drives the CancerMath breast carcinoma calculators also accurately captures many
features of melanoma lethality, thus leading to the development otao$bibth melanoma and renal cell
carcinoma calculators located at the CancerMath website (Bush et al, in prepafdtias))we would
suggest that thEancerMath breast carcinoroalculators provide an example of the sort of \wabed
tools that can bereated to provide physicians and patients with highly accurate, psgiecific
information in many contexts.



11

TABLE 1: The SNAP (Size+Nodes+PrognosticMarkers/ethod for Estimating the Risk of Breast
Carcinoma Death from Information on Tumor Size, Nodal Status, and Other Prognostic Factors

_ _ * s)
L - I—primary Lnodes (Lprimary I—node
L= 15 yearCancerspecific KaplarMeier Death Rate
Source of Method Independent
Lethality of Estimation Variable Parameters Interpretation
Q=0.014751
treatment calculator
Qozt(gloorigoas:d conditional surviva The Iethal
The Iethal jzp,;:,,;o.8057known nodal status Contrlbl..ltlon Of
Contribution @] Y ( 7 D = Tumor jprimary =1 unknown nodal status the pr|mary
. —1— - *Jpnmary* 91*92*93*"' H t 9 H
from cancer L pimary =1-€ Diameter | dparameters = | mass |n”crea_1$he
at the (1c) ERvPR v | gradually wit
p”mary Slte ER/PR 1.1902 tumor SIZG,
8::5:; 08570 and the
Grade 3 1.1224
e TT— T amountof that
Aoeitso  1oaoos lethal
Roesiro  Toirts contribution is
Age 7180 1.02005 .
AgeB190 116455 influenced by
Ductal 1.0573 .
Lobular 0.9032 prognostlc
Inggﬂzﬁsl +LCIS 0.8573 f t
Medullary 0%63895 actors, as
o, 522 | captured by
ISnCﬂIg;[r)rl\JastorAy 3.3}‘360314 the g
Pty 0 °°%%Csus | parameters
Cribriform 0.9636
The presere
contribution Lnodes =]1-e per-nod The Number positive lymph
from cancer eq.(2) of Positive node
in the lymph q- Nodes contributes
nodes approximately

8%
extra chance
of death

The SNAP (Size+Nodes+PrognosticMarkersnethod reduces to:

« the Size+Nodesnethod, when only size and nodal status are known.
« the SizeOnlymethod, whenonly size is known.
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ValuesUsedfor 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, Ovaian Ablation +
Tamoxifen) age <50 20% 32% 0%
age >= 50 and < 60 21% 32% 0%
age >= 60 23% 32% 0%
Chemotherapy (CM#ike) 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, D@, 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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Breast Cancer Outcome Calculator

CancerMath Breast Cancer Tools All Cancers About

Factors affecting mortality Hsk 100% t I n t " k
Current Age! IE.2 mor a I y rls enlarge
fears Since Diagnosis! IIII BO% @ Cancer (witherapy)
@ Cancer

E'-Jmmt . |2 [erm) Mon-cancer

rameten 60% @ Overall (witherapy)
# Positive IK @ Overall

nown b Ij_

Modes:

Modal detail input here [optional)

ER. =ztatus: IF'nsitil.le W
PR status: IF‘nsitil.le W
HER.2 I—
W
Status: Megative

Histological
Type:

40%

20%

| Ductal v 0%

0 1 2 3 4 5 8 7 8 9 10 11 12 13 14 15
Grade: I 2 - Moderately diff, % Year after diagnosis

Display as: IMDr‘taIit',l curves W

Therapy

@ Specify O Ernp. Standard B B
Classification: Tic N1 (pM1a) MO AJCC Stage: IIA

rhner:;pn::al IArnmatage Inhib, Cancer 8.6% expected 15-year Cancer Death Rate
Mortality: with  selected therapy., [(9.4% 15-vear
fhheergnpc;l-: I FE(100)C*340%3 % Kaplan-Meier Cancer Death Rate)
Years of Without therapy, cancer zhaortenz the life
Update Graph Life Lost: expectancy of a £2-year-old wornan by 3.8
years, [frorm 22 vears to 18,2 vears

Questions or trouble? Click here for Therapy 2.1 years (752 days] of additional life
the calculator FAG — benefit: expectancy from the selected therapy

[cormmpared to no therapy],

39% fewer cancer deaths after 15 vears

Figure 1. CancerMath.nebreast carcinoma calculators.
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Validation of outcome calculator. LISTOFAL®3TABLE and Fingalowe 26s show
All patients after 1987, parameters for the outcome calculator, see TABLE I.

TABLE and Figure 2aVerificationon the SEER dataséatients grouped by 10% predicted lethality bins

TABLE and Figure 2bVerification on the SEER datasdatiens grouped by 5% predicted lethality bins

TABLE and Figure 2cVerification on the SEER datas&atients grouped by 2% predicted lethality bins

TABLE and Figure @: Verification on the SEER datasdatients grouped by 1% predicted lethality bins

TABLE and Figure & Verification on the SEER datas&atients grouped by 10% predicted lethality percentiles
TABLE and Figure 2 Verificationon the SEER datasdatients grouped by 5% predicted lethality percentiles
TABLE and Figure 8: Verification on the SEER datasdPatients grouped by 10 mm tumor size bins

TABLE and Figure B: Verificationon the SEER datas®atients grouped by 5 mm tumor size bins

TABLE and Figure R Verification on the SEER dataséatients grouped by 10% tumor size percestile

TABLE and Figure P Verificationon the SEER datasd®atients grouped by lymph nodes positivity status

TABLE and Figure R: Verification on the SEER datasdatients grouped by number of positive lymph nodes
TABLE and Figure R Verification on theSEER datasePatients grouped by tumor grade

TABLE and Figure g Verificationon the SEER datasdatients grouped by estrogen and progesterone receptor
TABLE and Figure 8: Verificationon the SEER dataset Patients grouped by histological type

TABLE and Figure @: Verificationon the SEER datas®ermutations of 10 mm tumor size bins and number of positive lymph
nodes

TABLE and Figure : Verificationon the SEER datasé?ermutations of 10 mm tumor size bins and tumor grade
TABLE and Figure 8: Verificationon the SEER datasd?ermutations of 10 mm tumor size bins &R{PRreceptor
TABLE and Figure 2 Verificationon the SEER datas&®ermutations of 10 mm tumor size bins and histological type
TABLE and Figure 2 Verification on the SEER datas&®ermutations of number of positive lymph nodes BR&/PRreceptor
status

TABLE and Figure 2 Verificationon the SEER datas&®ermutations of tumor grade aB&/PRstatus

TABLE and Figure 8: Verificationon the SEER datas€ermutations of tumor gia and histological type

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

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

TABLE and Figure 2: Verification of the SNAP metid on the SEER dataset Groupedalyg

TABLE and Figure 2aa/erification on the Partners datasBtatients grouped by 10% predicted lethality bins
TABLE and Figure 2bbYerificationon the Partners datasBatients grouped by 5% predicted lethality bins
TABLE and Figure 2ccVerification on the Partners datasBtatients grouped by 2% predicted lethality bins
TABLE and Figure 2ddverification on the Partners datasBatients grouped 0% predicted lethalit§od s
TABLE and Figure 2eéVerification on the Partners datasP@atients grouped B predicted lethalit§66 s
TABLE and Figure 2ffVerification on the Partners datasPatients grouped by 10 mm tumor size bins

TABLE and Figure 2ggVerification on the Partners datasBatients grouped byrdm tumor size bins

TABLE and Figure 2hhVerification on the Partners datasBfatients grouped by 10% tumor size percentiles
TABLE and Figure 2iiVerification on the Partners datasBatients grouped by number of positive lymph nodes
TABLE and Figure2ijj: Verificationon the Partners datasPatients grouped by tumor grade

TABLE and Figure 2ikkVerificationon the Partners datasBtients grouped ¥R receptor status

TABLE and Figure 2ill:Verification on the Partners datasPatients groupehy histological type

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

TABLE and Figure 2mm: Verification omé Partners dataset. PermutationslBR2 status
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Table and Figur@a Verification of the SNAP methodon the SEER datase{patients after 1987,
parameters for the outcome calculator, see TABLE I).ieR&@t groupedy 10% predicted lethality bins
using the Size+Nodes+PrognosticFactors equation

Observed Lethality  Predicted Lethality Model Error

(SEM)

(SEM)

(pred i obg

GroupA N
'0-10%' 190878
'10-20%' 109183
'20-30%' 51064
'30-40%' 25126
'‘40-50%' 11401
'50-60%' 4685
'60-70%' 1238

'7.46% (0.2%)'
'15.25% (0.4%)’
'24.54% (0.6%)’
'33.21% (1%)'

'41.66% (1.4%)’
'50.58% (2.29%)'
'49.3% (4.1%)'

'5.25% (0%)'
"14.7% (0%)'
'24.84% (0%)'
'34.91% (0%)'
'44.78% (0.1%)’
'54.54% (0.1%)'
'64.06% (0.1%)’

'-2.21%'
-0.55%'
'0.3%'
'1.71%'
‘3.11%'
'3.96%'
'14.75%'

'‘Weighted Mean Error'
'‘Median Absolute Error'

'Weighted Mean Absolute Error

'Maximum Error'
'‘Concordance Index’

-0.89%'
'2.21%'
'1.56%'

'14.75% (6670% group)'

'0.9524'

'‘Groups 7680%, 8090%, 90100% exluded due to insufficient followp or observed

confidence intervals > 20%'
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Model Validation: Breast Cancer-Specific Cl Mortality
Solid lines indicate Empiric Mean, Dashed lines indicate Predicted Mean

07 F L L L L L L L L T

Med. Abs. Error = 2.21% A
0.6 4 c-index = 0.9524 Rd

Breast Cancer-Specific Cl Mortality

S S
RSAMII~ SO~ N S M

Predicted Lethality

SNAP.validate({'c', 'ci’, 'm', 0}, [180], @Breast.getCummbDeathRisks, 'SEER_10 Breast Base',
Breast.snapFilter, { {'Predicted Lethality', [0:.1:1], '>'}});
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Table and Figur@h: Verification of the SNAP method on the SEER datasejpatients after 1987,
parameters for the outcome calculator, see TABLE l)ieR@tgroupedby 5% predicted lethality bins
using the Size+Nodes+PrognosticFactors equation

GroupA N Observed Lethality  Predicted Lethality Model Error
(SEM) (SEM) (pred i 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% (01%)' '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% (6570% group)'
'‘Concordance Index' '0.9560'

'‘Groups70-75%, 75-80%, 8085%, 8590%, 9095%, 95100% excluded due to insufficient
follow-up or observed confidence intervals > 20%'
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Model Validation: Breast Cancer-Specific Cl Mortality
Solid lines indicate Empiric Mean, Dashed lines indicate Predicted Mean

07 F L L L L L L L L L L L L A L L L L L

Med. Abs. Error = 2.11% A/
064 c-index = 0.9560 /

4

Breast Cancer-Specific Cl Mortality

r r r r r r r r r r r

S* "5 S 8 T
o PN PR AN U XN PR PN S %
S SR L

Predicted Lethality

SNAP.validate({'c', 'ci’, 'm', 0}, [180], @Breast.getCummbDeathRisks, 'SEER_10 Breast Base',
Breast.snapkFilter, { {'Predictddethality’, [0:.05:1], '>'}});



19

Table and Figur@c: Verification of the SNAP method on the SEER datasefpatients after 1987,
parameters for the outcome calculator, see TABLE I).ieR&t groupedy 2% predicted lethality bins
using the Size+Nodes+PramgticFactors equation

GroupA N Observed Lethality  Predicted Lethality Model Error
(SEM) (SEM) (pred i 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 '40.086 (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% (&%) '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%'
'‘MaximumError’' '19.66% (6466% group)'
'‘Concordance Index' '0.9602

"'Groups66-100%excluded due to insufficient followp or observed confidence intervals :
20%'

Model Validation: Breast Cancer-Specific Cl Mortality
Solid lines indicate Empiric Mean, Dashed lines indicate Predicted Mean
0.7¢ T T T T T T T T T T T T T T T T

Mean Abs. Error = 0.0301 y A
06 M c-index = 0.9602

Breast Cancer-Specific Cl Mortality

r r r r r r r r r r r r r r r r
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Predicted Lethality

SNAP.validate({'c’, 'ci’, 'm', 0}, [180], @Breast.getCummbDeathRisks, 'SEER_10 Breast Base',
Breast.snapFilter, { {'Predicted Lethality', [0:.02:1], >'}});
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Table and Figur@d: Verification of the SNAP method on the SEER datasefpatients after 1987,
parameters for the outcome calculator, see TABLE I).ieR&t groupedy 1% predicted lethay bins
using the Size+Nodes+PrognosticFactors equation

GroupA N Observed Lethality  Predicted Lethality Model Error
(SEM) (SEM) (pred i 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%0' 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 '1822% (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%)' '0.720'
'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%'



'33-34%'
'34-35%'
'35-36%'
'36-37%'
'37-38%'
'38-39%'
'39-40%'
'40-41%'
'41-42%'
'42-43%'
'43-44%'
'‘44-45%'
'‘45-46%'
'46-47%'
'47-48%'
'48-49%'
'‘49-50%'
'50-51%'
'51-52%'
'52-53%'
'53-54%'
'54-55%'
'55-56%'
'56-57%'
'57-58%'
'58-59%'
'59-60%'
'62-63%'
'0-1%'

2628
2509
2485
2125
1986
1946
1751
1600
1464
1496
1307
1113
1019
1021
892
764
725
684
657
628
524
480
454
356
356
301
245
207
8761

'34.79% (3%)'

'31.62% (2.7%)’
'33.54% (3.1%)’
'36.59% (3.6%)’
'32.36% (3.4%)’
'39.59% (3.7%)’
'40.49% (3.8%)’
'39.81% (4%)’

'40.66% (3.9%)’
'40.44% (3.9%)'
'39.69% (4.4%)’
'38.42% (4.1%)'
'43.44% (5.1%)'
'44.29% (4.9%)'
'39.29% (5%)'

'52.62% (6.3%)'
'44.31% (5.7%)'
'50.28% (5.9%)’
'50.18% (5.8%)'
'48.36% (6.4%)’
'46.77% (6.3%)'
'46.09% (6.4%)’
'53.92% (7.8%)’
'52.46% (7.7%)'
'51.67% (9%)'

'51.94% (8.2%)'
'61.14% (8.7%)’
'46.74% (8.9%)'
'4.26% (1.3%)'

'34.09% (0%)'
'35.01% (0%)'
'36% (0%)’
'37.07% (0%)'
'38.07% (0%)'
'38.98% (0%)'
'40.05% (0%)'
'41.04% (0%)'
'42.04% (0.1%)’
'43.02% (0.1%)’
'43.98% (0.1%)’
'45.06% (0.1%)’
'46.02% (0.1%)’
'47% (0.1%)'
'47.97% (0.1%)’
'48.9% (0.19%
'50.02% (0.1%)’
'50.9% (0.1%)'
'51.86% (0.1%)’
'52.85% (0.1%)’
'53.89% (0.1%)’
'54.88% (0.1%)’
'55.99% (0.1%)’
'56.93% (0.1%)’
'57.92% (0.1%)’
'59.09% (0.1%)'
'60.31% (0.1%)’
'63.07% (0.1%)’
'0.68% (0%)'

-0.7%'
'3.39%'
'2.46%'
'0.48%'
'5.71%'
-0.61%'
-0.44%'
'1.23%'
'1.38%'
'2.58%'
'4.29%'
'6.65%'
'2.58%'
2.7%'
'8.68%'
-3.72%'
'5.72%'
'0.62%'
'1.67%'
'4.49%'
7.12%'
'8.79%'
'2.06%'
'4.47%'
'6.25%'
7.15%'
-0.82%'
'16.34%'
'-3.58%'

22

'Weighted Mean Error'

'Median Absolute Error'

'Weighted Mean Absolute Error

'Maximum Error'
'‘Concordance Index'

-0.81%'
'1.54%'
'1.51%'

'16.34% (6263% group)'

'0.9590

"'Groups63-100%excluded due to insufficient followp or observed confidence intervals :

20%'
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Model Validation: Breast Cancer-Specific Cl Mortality
Solid lines indicate Empiric Mean, Dashed lines indicate Predicted Mean
07 £ L L L L L L L L L L L C L L L L L L L

Med. Abs. Error = 1.54% A
0.6 c-index = 0.9590 -

Breast Cancer-Specific Cl Mortality

r r r r r r r r r r r r r r r r r r r
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Predicted Lethality

SNAP.valicate({'c', ‘ci', 'm', 0}, [180], @Breast.getCummbDeathRisks, 'SEER 10 Breast Base',
Breast.snapFilter, { {'Predicted Lethality', [0:.01:1], >'}});
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Table and Figur@e: Verification of the SNAP method on the SEER datasefpatients after 1987,
parameters fothe outcome calculator, see TABLE [). ieats groupedoy 10% predicted lethality
percentiles using the Size+Nodes+PrognosticFactors equation

GroupA N Observed Lethality  Predicted Lethality Model Error
(SEM) (SEM) (pred i obs)

'0-10 %tile’ 39399  '479% (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 %otile’ 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 %otile’ 39381 '12.99% (0.6%)" '12.08% (0%)' -0.92%'
'60-70 %otile’ 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 %%otile’ 39379  '25.96% (0.7%)" '26.61% (09%) '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% (010 %tile group)'

'‘Concordance Index' '1.0000'
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Model Validation: Breast Cancer-Specific Cl Mortality
Solid lines indicate Empiric Mean, Dashed lines indicate Predicted Mean
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SNAP.validate({'c', 'ci’, 'm', 0}, [180], @Breast.getCummbDeathRisks, 'SEER_10 Breast Base',
Breast.snapkFilter, { {'Predicted Lethality', [0:10:100], '%"}});
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Table and Figuréf: Verification of the SNAP method on the SEER datasefpatients after 198
parameters for the outcome calculator, see TABLE I). ieR@t groupedoy 5% predicted lethality
percentiles using the Size+Nodes+PrognosticFactors equation

GroupA N Observed Lethality  Predicted Lethality Model Error
(SEM) (SEM) (pred i obs)

'0-5 %ile’ 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 Ytile’ 19689  '10.38% (0.8%)"  '8.84% (0%)' '-1.54%'
'45-50 Ytile’ 19689 '11.11% (0.7%)"  '10.07% (0%)' '-1.04%'
'50-55 %otile’ 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 %Yotile’ 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 Ytile’ 19690 '18.7% (0.9%)' '18.57% (0%)' '-0.13%'
75-80 %tile’ 19689 '21.87% (1%)' '21.2% (0%)' -0.67%'
'80-85 %otile’ 19692  '24.27% (1%)' '24.45% (0%)' '0.18%'
'85-90 %otile’ 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 Mea Absolute Error' '1.47%'

'‘Maximum Error' '3.79% (95100 %tile group)’

'‘Concordance Index' '0.9947"




Model Validation: Breast Cancer-Specific Cl Mortality
Solid lines indicate Empiric Mean, Dashed lines indicate Predicted Mean
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SNAP.validate({'c', 'ci’, 'm', 0}, [180], @Breast.getCummbDeathRisks, 'SEER_10 Breast Base',

Breast.snapFilter, { {'Predicted Lethality', [0:5:1004}});
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Table and Figur@g: Verification of the SNAP method on the SEER datasefpatients after 1987,
parameters for the outcome calculator, see TABLE l)ieR&tgroupedy 10 mm tumor size bins

GroupA N Observed Lethality Predicted Lethality Model Error
(SEM) (SEM) (pred i 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.%)' '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% (4150mm group)'
'‘Concordance Index' '1.0000

04

Model Validation: Breast Cancer-Specific Cl Mortality

Solid lines indicate Empiric Mean, Dashed lines indicate Predicted Mean
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SNAP.validate({'c', 'ci’, 'm’, 0}, [180], @Breast.getCummbDeathRisks, 'SEER_10_Breast_Base',
Breast.snapFilter, { {DBInfo. TUMOR_SIZE, [0:10:50], >"}});
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Table and Figur@i: Verification of the SNAP method on the SEER datasdpatients after 1987,
parametes for the outcome calculator, see TABLE ). i®atls groupedby 5 mm tumor size bins

GroupA N Observed Lethality  Predicted Lethality Model Error
(SEM) (SEM) (pred i 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% (4245mm group)’

'‘Concordance Index' '0.9778'




Model Validation: Breast Cancer-Specific Cl Mortality
Solid lines indicate Empiric Mean, Dashed lines indicate Predicted Mean

04 T T T T T
Med. Abs. Error = 1.35%

L

0.35

c-index = 0.9778

0.3

0.25

0.2

0.15

0.1

Breast Cancer-Specific Cl Mortality

7’
0.05" A

Tumor Size (mm)

30

SNAP.validate({'c', 'ci’, 'm', 0}, [180], @Breast.getCummbDeathRisks, 'SEER_10 Breast Base',

Breast.snapFilter, { {DBInfo. TUMOR_SIZE, [0:5:50], >"});
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Table and Figur@i: Verification of the SNAP method on the SEER datasdpatients after 1987,
parameters for the outcome calculator, see TABLE l)ieR&tgroupedy 10% tumor size percentiles

GroupA N Observed Lethality  Predicted Lethality Model Error

(SEM) (SEM) (pred i obs)
'0-10 %%tile’ 45520 '5.98% (0.5%)’ '3.44% (0%)' '-2.54%'
'10-20 %otile’ 56828 7.78% (0.4%)’ '6.19% (0%)' -1.59%'
'20-30 %otile’ 33292 '9.75% (0.6%)' '8.22% (0.%)' -1.53%'
'30-40 %otile’ 25136 '"11.03% (0.7%)’ '9.96% (0.1%)’ '-1.08%'
'40-50 %otile’ 37556 '"12.73% (0.6%)' '"11.63% (0.1%)' -1.1%'
'50-60 %otile’ 41558 '14.53% (0.6%)’ '13.81% (0.1%)’ -0.72%'
'60-70 %otile’ 36284 '"17.68% (0.6%)' '16.66% (0.196) -1.03%'
70-80 %otile’ 44131 '21.35% (0.6%)’ '20.01% (0.1%)' '-1.34%'
'80-90 %otile’ 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

'Median Absolute Error

'Weighted Mean Absolute Error

'Maximum Error'
'‘Concordance Index’

l_l%l
'1.22%'
'1.39%'

'-2.54% (010 %tile group)'

'1.0000
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Model Validation: Breast Cancer-Specific Cl Mortality

Solid lines indicate Empiric Mean, Dashed lines indicate Predicted Mean
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SNAP.validate({'c', 'ci’, 'm', 0}, [180], @Breast.getCummbDeathRisks, 'SEER_10 Breast Base',
Breast.snapFilter, { {DBInfo. TUM®_SIZE, [0:10:100], '%'}});
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Table and Figur&j: Verification of the SNAP method on the SEER datasefpatients after 1987,
parameters for the outcome calculator, see TABLE l)ieR@tgroupedby lymph nodes positivity status

GroupA N Observed Lethalty  Predicted Lethality Model Error

(SEM) (SEM) (pred i 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

'‘Median Absolute Error’
'WeightedMean Absolute Error’
'Maximum Error’
'‘Concordance Index’

'-1.24%'
'1.19%'
'1.24%'
'-1.31% (G0 nodes group)'
'1.0000'

Model Validation: Breast Cancer-Specific Cl Mortality
Solid lines indicate Empiric Mean, Dashed lines indicate Predicted Mean
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SNAP.validate({'c', 'ci', 'm', 0}, [180], @Breast.getCummbDeathRisks, 'SEER_10_Breast_Base',
Breast.snapFilter, { {DBInfo.POSITIVE_NODES1,0,®], >"1});
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Table and Figur@k: Verification of the SNAP method on the SEER datasefpatients after 1987,
parameters for the outcome calculator, see TABLE I).ieR&t groupedy number of positive lymph
nodes

GroupA N Observed Lethality  Predicted Lethality  Model Error
(SEM) (SEM) (pred i 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

Model Validation: Breast Cancer-Specific Cl Mortality

Solid lines indicate Empiric Mean, Dashed lines indicate Predicted Mean
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SNAP.validate({'c', 'ci’, 'm', 0}, [180], @Breast.getCummbDeathRisks, FSHB_Breast_Base',
Breast.snapFilter, { {DBInfo.POSITIVE_NODES, [1:7], '="}});
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Table and Figurél: Verification of the SNAP method on the SEER datasefpatients after 1987,
parameters for the outcome calculator, see TABLE l)ieR&tgroupedy tumorgrade

GroupA N Observed Lethality  Predicted Lethality Model Error
(SEM) (SEM) (pred i 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.%)' '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"

Model Validation: Breast Cancer-Specific Cl Mortality
Solid lines indicate Empiric Mean, Dashed lines indicate Predicted Mean
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SNAP.validate({'c', 'ci’, 'm’, 0}, [180], @Breast.getCummbDeathRisks, 'SEER_10_Breast Base',
Breast.snapFilter, { {DBInfo.GRADE, [1:4], '="});
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Table and Figur@m: Verification of the SNAP method on the SEER datasefpatients after 1987,
parameters for #h outcome calculator, see TABLE I). fats groupedyy estrogen and progesterone
receptor status

GroupA N Observed Lethality  Predicted Lethality Model Error
(SEM) (SEM) (pred i 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 BAsolute Error' '1.36%'
'‘Maximum Error' '-1.6% (ER+ / PR+ group)'
‘Concordance Index' '1.0000

Model Validation: Breast Cancer-Specific Cl Mortality

Solid lines indicate Empiric Mean, Dashed lines indicate Predicted Mean
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SNAP.validate({'c', 'ci’, 'm’, 0}, [180], @Breast.getCummbDeathRisks, 'SEER_10_Breast_Base',
Breast.snapFilter, { {DBInfo.ER_STATUS, [0,1], '=1,{DBInfBR_STATUS, [0,1], '=1});
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Table and Figur@n: Verification of the SNAP method on the SEER datasefpatients after 1987,
parameters for the outcome calculator, see TABLE l)ieR@tgroupedby histological type

GroupA N Observed Lethality  Predicted Lethality Model Error
(SEM) (SEM) (pred i 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 Ear'

'Median Absolute Error'

'Weighted Mean Absolute Error

'Maximum Error'

'‘Concordance Index’

-1.15%'
2.47%'
'1.22%'

'8.36% (Phyllodes group)'

'0.7879'

'InflammatoryandPaget Disease excluded due to insufficient follgnor observed
confidence itervals > 20%'
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SNAP.validate({'c', 'ci’, 'm', 0}, [180], @Breast.getCummbDeathRisks, 'SEER_10 Breast Base',
Breast.snapFilter, { {DBInfo.HISTOLOGY, Breast.histologies, '='}});
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Table and Figure 2pVerification of the SNAP method on the SEER dataet (patients after 1987,
parameters for the outcome calculator, see TABLE I). Permutations of 10 mm tumor size bins and
number of positive lymph nodes

GroupA N Observed Lethality  Predicted Lethality Model Error
(SEM) (SEM) (pred i obs)

'1-10mm / 0 nods' 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% (0.20)' '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% (4150mm / 7 nodegroup)’

‘Concordance Index' '0.9308"

Model Validation: Breast Cancer-Specific Cl Mortality
Solid lines indicate Empiric Mean, Dashed lines indicate Predicted Mean
T T 5
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SNAP.validate({'c', 'ci’, 'm', 0}, [180], @Breast.getCummbDeathRisks, 'SEER_10_Breast_Base',
Breast.snapFilter, { {DBInfo. TUMOR_SIZE, [0:10:50], >"},{DBInfo.POSITIVE_NODES, [0:7], '=}});
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Table and Figuref2 Verification of the SNAP method on the SEER datasefpatients after 1987,
parameters for the outcome calculator, see TABLE I). Permutations of 10 mm tumor size bins and tumor
grade

GroupA N Observed Lethality  Predicted Lethality Model Error
(SEM) (SEM) (pred i 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 / Gade 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% (4150mm / Grade 4 group)'

'‘Concordance Inek' '0.9474'
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Model Validation: Breast Cancer-Specific Cl Mortality
Solid lines indicate Empiric Mean, Dashed lines indicate Predicted Mean
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SNAP.validate({'c', 'ci’, 'm', 0}, [180], @Breast.getCummbDeathRisks, 'SEER_10 Breast Base',
Breast.snapFilter, { {DBInfo. TUMOR_SIZE, [0:10:50], '>'},{DBInfo.GRADE, [1:4], '=1});



44

Table and Figure@ Verification of the SNAP method onthe 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

GroupA N Observed Lethality  Predicted Lethality Model Error

(SEM) (SEM) (pred i 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+/ 96180 '11.69% (0.4%)" '10.36% (0%)' -1.33%'
PR+

'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+ / 40345 '20.06% (0.8%)  '18.44% (0.1%)  -1.62%
PR+

'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+ / 12834  '27.41% (1.5%)  '25.64% (0.2%) -1.77%'
PR+

'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+/ 5816  '27.09% (2.3%)  '30.87% (0.3%)  '3.78%'
PR+

'Weighted Mean Error' '-1.03%'
‘Median Absolute Error' '1.74%'
'Weighted Mean Absolute Error '1.71%'
'‘Maximum Error' '5.62% (4150mm / ER / PR- group)'

'‘Concordance Index' '0.9632'
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Model Validation: Breast Cancer-Specific Cl Mortality
Solid lines indicate Empiric Mean, Dashed lines indicate Predicted Mean
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SNAP.validate({'c', 'ci’, 'm', 0}, [180], @Breast.getCummbDeathRisks, 'SEER_10 Breast Base',
Breast.snapFilter, { {DBInfo. TUMOR_SIZE, [0:10:50], '>'},{DBInfo.ER_STATUS, [0,1],
'=1{DBInfo.PR_STATUS, [0,1], '="}});
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Table and Figurer2 Verification of the SNAP method on the SEER datasefpatients after 1987,
parameters for the outcome calculator, see TABLE I). Permutations of 10 mm tumor size bins and
histological type

GroupA N Observed Lethalty  Predicted Lethality Model Error
(SEM) (SEM) (pred i obs)

‘Ductal / 210mm’ 75544  '7.46% (0.4%)' '5.38% (0%)' '-2.08%'
'‘Ductal / 1220mm’ 124551 '14.01% (0.3%)' '13.05% (0%)' '-0.96%'
‘Ductal / 2230mm’ 59713 '23.95% (0.6%)' '23.06% (0.1%)' -0.89%'
'‘Ductal / 3t40mm’ 21084  '29.88% (1%)' '31.82% (0.2%)’ '1.94%'
‘Ductal / 4250mm’ 9004 '34.67% (1.5%)' '38.73% (0.3%)' '4.06%'
‘Lobular / 210mm’ 5879 '6.57% (1.2%)' '4.78% (0.1%)' -1.79%'
‘Lobular / 1220mm’ 11874  '12.08% (1.2%)' '9.75% (0.1%)' '-2.33%'
‘Lobular / 2230mm’ 6312 '18.55% (1.9%)' '16.25% (0.2%)' '-2.3%'
‘Lobular / 3340mm’ 2544 '28.01% (3.5%)' '22.82% (0.4%)' '-5.19%'
‘Lobular / 4250mm’ 1594 '26.8% (4.4%)' '27.34% (0.5%)' '0.54%'
'‘Lobular + Ductal /1 6995 '6.03% (1.3%)' '4.48% (0.1%)' '-1.54%'
10mm'

'‘Lobular + Ductal / 11 13686 '12.18% (1.2%)' '9.84% (0.1%)' '-2.33%'
20mm'

‘Lobular + Ductal / 21 6519 '21.09% (2.3%)’ '17.06% (0.2%)' '-4.04%'
30mm'

‘Lobular + Ductal / 31 2082 '28.55% (4.2%)' '23.8% (0.4%)' -4.75%'
40mm'’

'‘Lobular + Ductal / 41 1116 '27.48% (6.5%)' '29.3% (0.6%)' '1.82%'
50mm’

‘Mucinous / 210mm*' 2837 '3.28% (1.1%)' '1.68% (0%)' -1.61%'
'‘Mucinous / 11220mm*" 4157 '6.09% (1.4%)' '3.48% (0.1%)’ '-2.61%'
‘Mucinous / 23130mm" 1710 '11.19% (2.5%)' '6.08% (0.2%)' -5.11%'
'‘Mucinous / 3340mm" 604 '15.92% (5.4%)' '8.66% (0.4%)' -7.25%'
'Mucinous / 4150mm' 261 '10.94% (6.2%)’ '"11.18% (0.7%)’ '0.25%'
'‘Medullary / 210mm' 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 / 2:30mm*' 1308 '12.87% (2.3%)' '15.69% (0.3%)' '2.82%'
'Medullary / 3340mm' 502 '16.25% (4%)' '20.43% (0.5%)’ '4.18%'
'‘Medullary / 4250mm' 175 '23.3% (7.4%)' '24.69% (1%)' '1.390'
‘Tubular / 210mm’ 3938 '3.39% (1.2%)' '0.77% (0%)' '-2.62%'
Tubular / 13220mm’ 1617 '4.02% (2.1%)' '"1.67% (0.1%)’ '-2.35%'
‘Tubular / 2330mm’ 185 '8.78% (6.1%)' '3.3% (0.3%)’ '-5.48%'
Tubular / 3340mm’ 43 '0% (0%)' '5.56% (0.9%)’ '5.56%



'‘Comedo / 110mm’
'‘Comedo / 1220mm’
'‘Comedo / 24330mm’
'‘Comedo / 340mm’
'‘Comedo / 43550mm’
'Scirrhous / 110mm’
'Scirrhous / 1220mm’
'Papillary / 210mm’
'Papillary / 1220mm'’
'Papillary / 2230mm'’
'Papillary / 3340mm'’
'Cribriform / -10mm’

'Cribriform / 11
20mm'

'Cribriform / 21
30mm’

‘Apocrine / 210mm’
‘Apocrine / 13220mm'

946
1213
682
313
176
78
179
213
266
156
50
325
439

130

234
368

'10.02% (2.3%)’
'16.22% (2.3%)’
'26.17% (3.7%)’
28.79% (5.7%)’
'31.3% (7.2%)'
'13.82% (9.2%)'
'18.09% (6.8%)'
'2.06% (2.1%)'
'8.94% (5.5%)'
'4.82% (3.8%)'
'8.25% (8.3%)'
'6.38% (6%)'

'3.82% (3.8%)'

'14.74% (9.6%)'

'2.95% (2.9%)'
'12.12% (8.8%)’

'5.32% (0.3%)'

'12.78% (0.4%)’
'20.24% (0.7%)’

'"26.77% (1%)

'34.33% (1.5%)’

'9.87% (1.3%)'

'20.49% (1.8%)'

'2.02% (0.3%)'
'4.84% (0.4%)'
'0.03% (0.9%)'

'10.84% (1.5%)'

'3.43% (0.3%)'
'7.82% (0.5%)'

'13.1% (1.3%)'

'5.61% (0.6%)'

'12.63% (0.8%)’

-4.69%'
'-3.43%'
-5.93%'
'-2.03%'
'3.04%'
'-3.95%'
'2.4%'
-0.04%'
-4.1%'
'4.2%'
'2.59%'
'-2.95%'
'A%

-1.64%'

'2.66%'
'0.5%'

a7

'‘Weighted Mean Error'

'Median Absolute Error

'Weighted Mean Absolute Error

'Maximum Error'
'‘Concordance Index’

-1.19%'
'2.59%'
'1.68%'

'-7.25% (Mucinous / 330mm group)'

'0.8808"

'Many goups excluded duto insufficient followup or observed confidence intervals > 20
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Model Validation: Breast Cancer-Specific Cl Mortality
Solid lines indicate Empiric Mean, Dashed lines indicate Predicted Mean
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SNAP.validate({'c', 'ci’, 'm', 0}, [180], @Breast.getCummbDeathRisks, 'SEER_10 Breast Base',

Histology

48

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

[0:10:20], >1);
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Table and Figure2 Verification of the SNAP method on the SEER datasefpatients after 1987,
parameters for the outcome calculator, see TABLE 1). Permutations of number of positive lymph nodes

and estrogen/progesterone receptor status

GroupA N Observed Lethality  Predicted Lethality Model Error
(SEM) (SEM) (pred i 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%'
'O 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%'
'l nodes / ER/ PR 8671 '27.38% (1.6%)' '26.53% (0.2%)' '-0.84%'
'l nodes / ER/ PR+ 901 '23.06% (4.2%)' '21.26% (0.6%)’ '-1.8%'

'lnodes/ ER+/PR 5517 '21.46% (2.4%)' '20.11% (0.2%)' -1.35%'
'l 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%'

'2nodes/ 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%'
'‘3nodes/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 noded 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%'
'5nodes/ ER+/PR 623 '41.52% (6.9%)' '44.33% (8B%)' '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 Man Error'

'Median Absolute Error

'Weighted Mean Absolute Error

'Maximum Error'
‘Concordance Index’

-1.03%'
"1.77%'
'1.54%'

'11.1% (7 nodes / ER PR group)'

'0.9577
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'‘Groups 4 nodes / ERPR+, 5 nodes / ER PR+, 6 nodes / ER PR+, 7 nodesER- / PR+
excluded due to insufficient followp or observed confidence intervals > 20%'

Model Validation: Breast Cancer-Specific Cl Mortality
Solid lines indicate Empiric Mean, Dashed lines indicate Predicted Mean
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SNAP.validate({'c', 'ci’, 'm', 0}, [180], @Breast.getCummbDeathRisks, 'SEER_10 Breast Base',
Breast.snapkFilter, { {DBInfo.POSITIVE_NODES, [0:7], '=}{DBInfo.ERT8TUS, [0,1],
'=1{DBInfo.PR_STATUS, [0,1], '=1});
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Table and Figuret2 Verification of the SNAP method on the SEER datasefpatients after 1987,
parameters for the outcome calculator, see TABLE 1). Permutations of tumor grade and
estrogen/progesteremeceptor status

GroupA N Observed Lethality Predicted Lethality Model Error

(SEM) (SEM) (pred i 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 7580%, 80685%, 8590%, 9095%, 95100% excluded due to insufficient folleup
or observed confidence intervals 892"



52

Model Validation: Breast Cancer-Specific Cl Mortality
Solid lines indicate Empiric Mean, Dashed lines indicate Predicted Mean

0.35 : .
Med. Abs. Error = 2.1%
03 H c-index = 0.8667
=
s
o3 J . < —————
E _____________
o =
£ 02 4 ¢ A——=—
(8]
(]
o
P
5 0157
e ER status / PR status | ]
S —B— ER-/PR-
g 01 —A— ER-/PR+ T
= - —E— ER+/PR-
0.0572> —A— ER+/PR+ -
0 r
&\’ &’ﬁ' &’J% &’*b‘
& & & &

Grade

SNAP.validate({'c', 'ci’, 'm', 0}, [180], @Breast.getCummbDeathRisks, 'SEER_10 Breast Base',
Breast.snapFilter, { {DBInfo.GRADE, [1:4], '=1,{DBInfo.ER_STATUS, [0,1],
'=1{DBInfo.PR_STATUS, [0,1], '=});
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Table and Figure2 Verification of the SNAP method on the SEER datasépatients after 1987,
parameters for the outcome calculator, see TABLE 1). Permutations of tumor grade and histological type

GroupA N Observed Lethality  Predicted Lethality Model Error
(SEM) (SEM) (pred i obs)

'Ductd / 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%)’ '"19.5% (1.4%)' '4.17%'
'Lobular + Ductal / 5728 "7.34% (2.2%)' '4.55% (0.1%)' '-2.78%'
Grade 1'

'‘Lobular + Ductal / 14914  '12.46% (1.5%)' '11.5% (0.1%)' '-0.96%'
Grade 2'

'Lobular + Ductal / 6133 '21.31% (2.3%)' '18.35% (0.3%)’ '-2.96%'
Grade 3'

'‘Lobular + Ductal / 380 '22.28% (6.3%)’ '"19.15% (1.3%)’ '-3.13%'
Grade 4'

'‘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%6 (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 / Gade 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%'



54

‘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 groupsexcluded due to insufficient followp or observed confidence intervals > 209

Model Validation: Breast Cancer-Specific Cl Mortality
Solid lines indicate Empiric Mean, Dashed lines indicate Predicted Mean
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SNAP.validate({'c’, 'ci’, 'm', 0}, [180], @Breast.getCummbDeathRisks, 'SEER_10_ Breast Base',
Breas.snapFilter, {{DBInfo.HISTOLOGY, Breast.histologies, '="}, {DBInfo.GRADE, [1:4], '=1});
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Table and Figure2 Verification of the SNAP method on the SEER datasefpatients after
1987, parameters for the outcome calculator, see TABLEIpuped by race

GroupA N Observed Lethality Predicted Lethality Model Error
(SEM) (SEM) (pred i 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"

Model Validation: Breast Cancer-Specific Cl Mortality
Solid lines indicate Empiric Mean, Dashed lines indicate Predicted Mean
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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\®: Verification of the SNAP method on the SEER datasefpatients after
1987, parameters for the outcome calculator, see TABLEpuped by sex

GroupA N Observed Lethality Predicted Lethality Model Error
(SEM) (SEM) (pred i 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

Model Validation: Breast Cancer-Specific Cl Mortality
Solid lines indicate Empiric Mean, Dashed lines indicate Predicted Mean
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SNAP.validate({'c', 'ci’, 'm’, 0}, [180], @Breast.getCummbDeathRisks,
'SEER_10_Breast _Base', Breast.snapFilter, {{DBInfo.SEX, [1,2], '="}});
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Table and FigurexX2 Verification of the SNAP method on the SEER datasefpatients after
1987, parameters for the outcome calculator, see TABLEpuped by age

GroupA N Observed Lethality Predicted Lethality Model Error
(SEM) (SEM) (pred i 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.%)' '"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% (8690 group)’

'‘Concordance Index' '0.7253'

'‘Groups 2125, 2630, 8690, 9195, 96100 excluded de to insufficient followup or
observed confidence intervals > 20%'



Model Validation: Breast Cancer-Specific Cl Mortality
Solid lines indicate Empiric Mean, Dashed lines indicate Predicted Mean
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SNAP.validate({'c', 'ci’, 'm’, 0}, [180], @Breast.getCummbDeathRisks,
'SEER_10_Breast_Base', Breast.snapFilter, {{DBInfo.AGE_AT_DX, [20:5:90], >"}});
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Il Validation on the Partners dataset

Table and Figur®aa Verification of the SNAP method on the Partners datasefpatients after
1987, parameters for the outcome calculator, see TABLE ljeraigroupedby 10% predicted lethality
bins using the Size+Nodes+PrognosticFactors exuat

GroupA N Observed Lethality Predicted Lethality Model Error
(SEM) (SEM) (pred i 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% (4650% groy)'
'‘Concordance Index' '0.9000

'‘Groups 5860%, 6670%, 7080%, 8090%, 90100% excluded due to insufficient folleup
or observed confidence intervals > 20%'

Model Validation: Breast Cancer-Specific Cl Mortality

Solid lines indicate Empiric Mean, Dashed lines indicate Predicted Mean
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SNAP.validate({'c', 'ci', 'm', 0}, [180], @Breast.getCummbDeathRisks, 'Partners_09 Breast',
Breast.snapFilter, { {'Predicted Lethality', [0:.1:1], ">'}});
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Table and Figur@bhx Verification of the SNAP method on the Partners datasefpatients after
1987, parameters for the outcome calculator, see TABLE lier®aigroupedy 5% predicted kbality
bins using the Size+Nodes+PrognosticFactors equation

GroupA N Observed Lethality  Predicted Lethality Model Error
(SEM) (SEM) (pred i 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% (4645% group)'
‘Concordance Index' '0.8889"

'‘Groups 45100% excluded due to insufficient follemp or observed confidence intervals >
20%'



Model Validation: Breast Cancer-Specific Cl Mortality
Solid lines indicate Empiric Mean, Dashed lines indicate Predicted Mean
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SNAP.validate({'c', 'ci’, 'm', 0}, [180], @Breast.getCummbDeathRisks, 'Partners_09 Breast',
Breast.snapRitr, { {'Predicted Lethality', [0:.05:1], '>'}});
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Table and Figur@&cc Verification of the SNAP method on the Partners datasefpatients after
1987, parameters for the outcome calculator, see TABLE l)erfaigroupedy 2% predicted lethality
bins uséng the Size+Nodes+PrognosticFactors equation

GroupA N Observed Lethality  Predicted Lethality Model Error
(SEM) (SEM) (pred i 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%0 (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% (2426% group)'
‘Concordance Index' '0.9583"

'‘Groups32-100% excluded due to insufficient follewp or observed confidence intervals >
20%'



Model Validation: Breast Cancer-Specific Cl Mortality
Solid lines indicate Empiric Mean, Dashed lines indicate Predicted Mean
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SNAP.validate({', ‘ci', 'm', 0}, [180], @Breast.getCummDeathRisks, 'Partners_09_ Breast',
Breast.snapkFilter, { {'Predicted Lethality', [0:.02:.32], ">"}});
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Table and Figuredd Verification of the SNAP method on the Partners datasefpatients after
1987, parameters ifidhe outcome calculator, see TABLE I). iats groupedy 10% predicted lethality
percentiles using the Size+Nodes+PrognosticFactors equation

GroupA N Observed Lethality  Predicted Lethality Model Error
(SEM) (SEM) (pred i obs)

'0-10 %tile’ 1182 '2.471% (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 %otile’ 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 %otile’ 1183 '8.66% (2.4%)' '11.27% (0.1%)" '2.61%'
'60-70 %otile’ 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 %otile’ 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% (96100 %tile group)'
‘Concordance Index' '1.0000

'‘Groups32-100% excluded due to insufficient follemp or observed confidence intervals >
20%'



Model Validation: Breast Cancer-Specific Cl Mortality
Solid lines indicate Empiric Mean, Dashed lines indicate Predicted Mean
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SNAP.validate({'c', 'ci’, 'm', 0}, [180], @Breast.getCummbDeathRisks, 'Partners_09 Breast',
Breast.snapkFilter, { {'Predicted Lethality', [0:10:100], '%"}});
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Table and Figure2ee Verification of the SNAP method on the Partners datasefpatients after
1987, parameters for the outcome calculator, see TABLE lier®atgroupedby 5% predicted lethality
percentiles using the Size+Nodes+PrognosticFactors equation

GroupA N Observed Lethality Predicted Lethality Model Error
(SEM) (SEM) (pred i obs)
'0-5 %otile’ 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 %itile’ 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 %itile’ 591 '6.88% (3%)' '9.02% (0%)' '2.14%'
'50-55 %tile’ 591 "7.24% (3.3%)' '"10.51% (0%)’ '3.27%'
'55-60 %itile’ 592 '9.99% (3.4%)' '12.03% (0%)' '2.03%
'60-65 %otile’ 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 Y%tile’ 591 '16.09% (4.7%)' "17.7% (0.1%)' '"1.61%'
"75-80 %itile’ 591 '19.89% (5.2%)' '20.36% (0.1%)' '0.47%'
'‘80-85 %otile’ 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

'Median Absolute Error'

'Weighted Mean Absolute Error

'Maximum Error'

'‘Concordance Index’

1.78%'
'1.46%'
'2.32%'

'15.05% (95100 %tile group)'

'0.9842




Model Validation: Breast Cancer-Specific Cl Mortality
Solid lines indicate Empiric Mean, Dashed lines indicate Predicted Mean
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Predicted Lethality

SNAP.validate({'c', 'ci’, 'm', 0}, [180], @Breast.getCummbDeathRisks, 'Partners_09 Breast',

Breas.snapFilter, { {Predicted Lethality', [0:5:100], '%'}});
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Table and Figureff: Verification of the SNAP method on the Partners datasefpatients after 1987,
parameters for the outcome calculator, see TABLE l)ieR@atgroupedy 10 mm tumor size bs

GroupA N Observed Lethality  Predicted Lethality Model Error
(SEM) (SEM) (pred i 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% (4150mm group)’
‘Concordance Index' '0.9000"

Model Validation: Breast Cancer-Specific Cl Mortality
Solid lines indicate Empiric Mean, Dashed lines indicate Predicted Mean
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Tumor Size (mm)

SNAP.validate({'c', 'ci', 'm', 0}, [180], @Breast.getCummbDeathRisks, 'Partners_09 Breast',
Breast.snapFilter, { {DBInfo. TUMOR_SIZE, [0:10:50], '>}});






