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ABSTRACT

PURPOSE Predicting the risk of breast carcinonikath is both a challenge, and an essal
requirement foarriving at the best treatment feachpatient

METHODS: CancerMath.net calculatorsiere created withHTML, JavaScript, PHPusing the
XML/SWF Charts v5.07 packagend Adobe Flash to animate and display the grajphe. risk of cance
deathwas calculated by th&NAP (Size+Nodes+PrognosticFactpmethod ofthe binary biological
model of cancer metastasisxecuted inJavascriptfrom information on tumor size, nodal status, and
other prognostic factorsAccuracy was tested againsiot¥arge breast carcinoma datas@807patients
seenat two academic hospitals aBf2,491patients from the SEERationaldataset.

RESULTS: We describe a series of wélsed calculatoravailable athttp://www.CanerMath.net

1) An outcome calculatgrwhich calculates expected survival information at the time of diagnosis given
the current standard of care treatme)ta conditional survival calculatorwhich calculates expected
survival information at various ties after the time of diagnosis given the current standard of care
treatment; 3) a treatment calculatgr which calculates expected survival information at the time of
diagnosis with and without a range of adjuvant therapy optié)8; nodal status calculatr, which
calculates chance that cancer will be present in the nofles CancerMath calculators also provide the
pati ent 6s T NasdsM) &nd stageTheoOQancgrMathcalculators wee found to be highly
accurate andpecific, as seen by thaiapacityfor stratifying patientsnto groups differing by as little as a
2% risk of death

CONCLUSIONS: The CancerMath.nebreast carcinomeacalculators provide accurate and useful
estimates of the risk afieath which can aid in a analysis of the variai adjuvant therapy options
available toeachpatient.



http://www.cancermath.net/

INTRODUCTION

Predicting the risk of breast carcinoma death is both a challenge, and an essential requirement for
arriving at the best treatment for each patiéntPhysicians regularly make suestimates by staging,
experienceandintuition. Estimatesf breast carcinoma survivalay also be made by the online case
matching tool of the FinProg Stutly The most widely usedieb-tool for estimating the risk of breast
carcinomadeathfor each ptientis Adjuvant! Onliné”®°, which sors patients in a number of risk groups,
and then uses data from the SEER national datagether withdata from the metaanalysekadjuvant
therapy®!’, to makeempirically-basedestimates of the risk akelapse and mortalityat ten years after
diagnosisand the impact which various adjuvant treatment choices might haeéapse and mortality

We have developed a new mathematical framework,bthary biological model of cancer
metastasis for capturing hhe features of the lethal and nfethal spread of cancer céf$'™2 This
framework includes a series bhked equations, th&NAP(Size+Nodes+PrognosticMarkérsnethod,
which canbe used tantegrateinformation ontumor size, nodal status, and other prognostic factors into
an estimate of the risk of canceeathfor each patien*'> The SNAPmethod las proven to be
remarkably accuratén stratifying patients and iestimating the risk of breast carcinordaath as
confirmedin multiple populations of patienf{see referencé5 and the various technice¢ports available
at http://www.lifemath.net/cancer/about/techreports/index)php

Here we describe the creation of a set wkbbased calculabrs, available at
http://www.CancerMath.netor breast carcinoma patients and their physiciaftsese calculatorsuse of
the SNAPmethod to estimateachpatients risk of deathto canceras well as theisk of deathto causes
other thancancer the overall deathrate, and life expectancy, together with information on the impact
which various adjuvant treatmentsan be expected to hawen these measures of survivddreast
carcinoma treatmentalculatoj. The CancerMath.net website also contagaculatorswhich can
provide survival estimatesat the time of diagnosis that can expected from the current standard of care
treatment(the breast carcinoma outcon@lculator) survival estimatesat various timesfter the time of
diagnosis(the breast @rcinoma conditional survivatalculator) andestimates of the chandleat cancer
will be present in the nodé€the breast carcinoma nodal statgalculator)
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METHODS
Construction of thealculators
The calculators were written in JavaScript, PHP, BidML, using XML/SWF Charts v5.07
package along with Adobe Flash to animate and display the graphs.

Patient data

Two datasetsvere usedo test both the underlying mathematics behind our calculators and the
Adjuvant! Onlinebreast cancer calculator:

SEER Dataset Breast cancer data was extracted from the US Surveillance, Epidemiology, and
End Results (SEER) dataset, which is provided by the National Cancer Institute. It consists of 17 regional
registries across the US, with data from 1973 to 2004. Aeneive effort was made to clean the data, for
example by considering only first malignant primary tumors. The total number of patients is 508,861.
Analysis was restricted to patients wittb@ mm tumors and-@ positive lymph nodes. The number of
thesepatients was 362,491Testing of thebreast carcinoma outconmalculator whose parameters were
designed to capture survival of women with breast carcinoma after 1987, when most eligible patients
were receiving adjuvant chemotherapy of hormone therapgstricted to patients with-30 mm tumors
and 07 positive lymph nodes, diagnosed after 198ihce this was the target population for this
calculator The number of these patients v2&3,576.

Partners Healthcare Breast Cancer Databa3éis database ceists of 24,771 breast cancer
patients diagnosed at the Massachusetts Gener al
1968 and 2007 Analysis was restricted to patients wittb@ mm tumors and-@ positive lymph nodes.

The number of these pants was7,907. Testing of thebreast carcinoma outcomealculator whose
parameters were designed to capture survival of women with breast carcinoma after 1987, when most
eligible patients were receiving adjuvant chemotherapy of hormone thésapgticted to patients with

1-50 mm tumors and-@ positive lymph nodes, diagsed after 1987, since this was the target population

for this calculator.The number of these patients Wigg15.

Mathematical methods

The essential mathematical framework usedth®y calculatorsthe binary biological model of
cancer metastasisncludes a series of linked equations, BIHAP(Size+Nodes+PrognosticMarkers
method, which can be used to integrate information on tumor size, nodal status, and other prognostic
factorsinto an estimate of the risk of cancer death for each pd&RBLE ), as well as an expression,
NodalSizeOnlyEquation, for relating tumor size to the chance that cancer in present in the lynagh nod
Details can be found inreference 15 and the various technical reports available at
http://www.lifemath.net/cancer/about/techreports/index)php

The impact ofadjuvant therapy on ousme is identical té\djuvant! Online, from the reductions
in death reported by the metaanaly®¥s as summarized by Radvin et&land the values were
determined by decompiling the java fileatdrives the Adjuvant! Online calculator.
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RESULTS

The CancerMattralculators

Four types of breast carcinoma caldata are available at CancerMath.net website:

1) A breast carcinomautcomecalculator (Figure 1} which calculates survival information at

the time of diagnosis that can expected from the current standard of care treatment;

2) A breast carcinomaconditional survival calculator (Figure I¢ which calculates survival

information at various times after the time of diagnosis that can expected from the current

standard of care treatment;

3) A breast carcinoma treatmewtlculator (Figure 1dwhich calculateswsvival information at

the time of diagnosis that can expected with and without a range of adjuvant therapy options.

4) A breast carcinomanodal statuscalculator (Figure 1e), which calculates chance that cancer
will be present in the nodes.

The CancerMth.net website contains calculatdor a variety of other uses, which havéher
been described previously or which will be described in detail in the future. These include calculators
for estimating the risk of nipple involvementhich may be usedhen decidingvhether to usaipple-
sparing mastectomy (as described in Rusby 8}, alalculators for melanomsurvival (Jean et al, in
preparation) @alculator for estimatingenal cell carcinomaurvivd®®, and a calculator for estimating the
chance that cancer will be present in the lymph nodes for melanoma patients (Jean et al, in preparation).

The mathbehind theCancerMaticalculators

All four calculators accept information on patient age, tumor size, ER/PR/Her2 status, histology,
and grade. Thbreast carcinoma treatmerdutcome calculatoandconditional survivakalculators also
accept information on number of positive nodes, and provide estinaide expectancy, the Iyear
diseasespecific KaplarMeier deathrate (FIGURE 2) as well as the risk afeathover the next 15 years
to cancer, to causes other than cancer, and to all c@I€3dRE 3). Thetreatment calculatoprovides
these estimas with and without various adjuvant treatment options.

The essential mathematiassed by the calculators for calculating candethality is the
SNAP(Size+Nodes+PrognosticMarkérsnethod, which combines information on tumor size, number of
positive nods, and other prognostic factors,pmvide an estimate of the -Mear KaplanMeier cancer
specificdeathrate,L (TABLE 1).1**4!%17 Of the parametersised to drive th&NAPcalculation perhaps
the most importants Q, which provides the key metrifor measuring cancdethality, and which is
derived as a measure of the probability of #thdl spread of cancer celfs Q can either measure the
difference in lethality seen when comparing caneats value is tenfold higher for melanoma thfan
breast carcinoma and at fifteésld greaterfor melanoma than forenal @Il carcinom& i or it can
measure more subtle differences in lethality when comparing subtypes of a single cancer, cagured by
parameters, which sit next @and modify its value (TABLE 1)The CancerM#h calculators use thesg
parameters to take into account age, ER/PR/Her2 status, histology, and grade into the estimates of the risk
of death®® Q can also measure differerscim lethality that have occted over timeas the result of
changes in treatment. For example, from the data on adjuvant therapy reported by Mari8tavet al
have found that between 1975 and 1983 only 10% of women received adjuvant therapy, while from 1987
onward, a relatively catantmajority of women(~80%)were receiving such therapy.Reflecting these
changes, we have found that the value of@@arameter of the patients in SEER dataset before 1983 is
0.014751 while the value of) after 1987 i€0.010054 Thus,using the pe-1983 value 0fQ=0.014751
makes it possibléo generate an intrinsic underlying risk @éathin the breast carcinomareatment
calculator which reflecs the risk ofunderlying risk ofdeaththat occured in error of theabsence of
adjuvant therapywhile using the posi987 value 0fQ=0.010054to drive thebreast carcinomautcome
and conditional survival calculatorsnakes it possible to generdtee risk ofdeaththat can be expected
at the present time.

The risk ofdeathfor each of the first 15 yearafter diagnosiss determined by 15 sequential
multiplications ofthe probability ofdeathto cancer at 15 yeark, generatedas described abovs the
SNAPmethod (TABLE 1), by a 15part step function derived from the hazard function, whiah




measurd from all 362,491 breast carcinoma patients in the SEHHRBURE 3).Analysis of the hazard
function by ourselved and byKarrison et &f, revealsthat while there is a measurable risk of cancer
deathfor at least 15year after diagnosisyll5 years;-90% of tisrisk has occurredFurthermore, \wile
there are subtle differences in this hazard function when comparing different groups ofpatiertiave
found these differences makenly a small practidaimpact on both the curves displayed and on the
estimates of life expectancy provided by the CancerMath calculators (Chen et al, in preparation).

The CancerMath.net calculators calculate the impact of the cancer lethality, as described in the
previous pragraph, on life expectancy witls census data on life expectancy by*ag€hese values are
calculated in terms of both years, and days, otliét can be expected to be lost by cancer.

The breast carinomatreatment calculatoestimates the impact of adjuvant therapy in the same
way thatis used byAdjuvant! Online by taking the reduction ideathreported by thenetaanalysé8'’,
as summarized by Radvin eP%land multiplying this reduction by thenderlying risk ofdeathspecific
to each patient.As noed above, CancerMath calculators calculate underlying rigleafh L, by the
SNAPmethod, usindy the prel983 value 0fQ=0.010054 (TABLH), so as to recreate thlkeathrate
seen in a population of patients in whom there was essentially no adjuvapyth& he values used
the breast carcinoma treatment calculatto estimating the impact of adjuvant therapy, taken form
Radvin et al, act bynultiplying this underlying risk ofleath ascan be seen in TABLA.I

The code behind theancerMatttalculdors

The JavaScript code for the calculators, together with documentation, can be viewed in the
browser by dAeSloaiatcierdg i MV itehwdere ve outliree éhe codeefor uhmreast
carcinoma treatment calculatpibut the outcomeand conditional survival calculators have a similar
structure.The code begins by loading several lengthy arrays, such as the life expectancy tables, and
proceeds through a smichiammmbered bel@vganakeratsa idemtified ithe e p s 6 ,
source codevhich is visible in the browser

1. STEP 1 The program collects information that the user has entered into the web form:
1. Tumor size (in centimeters, to 1 decimal point)
2. Whether nodal status is known, and if so, the number of positive nodes (0, 1, 2, etc.)
3. Age
4, Tumor prognostic factors: ER/PR/Her2 status, histology, Bi&chardson grade
5. Adjuvant therapy options

2. TEP 2  The program calculates yearly and cumulative breast cancehreast cancer, and
total deathrates for each of the 15 years after diagndmised on the entered user information:
1. The program loads information on the value of the param@e& primay andLpernode

(TABLE 1), which are needed to execute BAPcalculation STEP 2.b_ below) for

the probability of caner deathto cancet 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

computes the product of all of them.

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

5. STEP 2.c  Theprogram calculates 15 values for the breast caseathrate in each of
the 15 years after diagnosis. It accomplishes this for each year by multiplying-the 15
year KaplanMeier cancedeathrate,L, (calculated irSTEP 2.b abové by the fraction
of thetotal lethality which can be expected in each year. The total lethality expected in
each year is a preomputed 15art step function derived from the breast carcinoma
hazard function, which we have derived from data on all 362,491 breast carcinoma

wnN



patieris in the SEER dataset for whom we have complete tumorasidenodal status
informatiorf%.

STEP 2.d The program calculates 15 values for the-nancerdeathrate in each of
the 15 years after diagnosis. It accomplishes this for each year by multiphgng t
fraction of patients not dying of cancer (E{deathrate calculated iISTEP 2.b )) times

the yearly risk ofdeathdue to norcancer causes for the given age. The values for the
yearly probability ofdeathdue to all norcancer causes for ages 0 to 13re taken from

the National Vital Statistis Report (herein e f e r r BI\ISRY)*pwhiteghe Values for
ages 101 to 123 were extrapolated using the methodaleggribed in the NVSR
Before creating the array valu@gsssr_death prob_yearly) we correted them taaccount

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

STEP 2.e The program calculates 15 values for the ovatadithrate in each of the 15
yeas after diagnosis. It accomplishes this for each year by summing the dant@ate
(STEP 2.c ) and the notancerdeathrate STEP 2.d ).

STEP 2.f The program calculates 15 values for cumulative breast cancehreast
cancer, and totadeathrates bysumming 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 O for the number of peoplef aut
group of 100,000 who survive to the usgecified age, based on yearly probabilities of
deathgiven by the NVSR.

STEP 3.b For year 1 through year 15, the program multiplies the number of people out
of the group of 100,000 who survive to the apprdprizge (age+1 at year 1, age+2 at
year 2, etc.) by the corresponding cumulative ovetekthrate 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 nmber of individuals surviving to year 15 from the NV.@Ren value for the
corresponding age (age+15).

STEP 3.d The program then calculates 15 values for the total number of years lived by
all surviving individuals in the group of 100,000 between each, yl@artaking 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 program calculates the total number of years lived by surviving
individuals past each year, from ydarto year 15. It begins at year 15, by taking the
remaining years of life expected for the corresponding age (age+15), and subtracting
away the total number of years that is expected to be lost because of cancer. The life
expectancy in years for each ag@up is calculated as the number of people out of the
group of 100,000 who survive to that age (from NVSR) multiplied by the residual life
expectancy at that age (also from NVSR data). That expected number is the survival
difference calculated IrfSTEP 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 program calculates the
total number of years lived by surviving individuals past each year by atld;galue

for the following year to the total number of years lived between that year and the
following year GTEP 3.d ). For example, the total number of years lived by surviving
individuals past year 14 is the total number of years lived by survivirigidodls past

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



7. STEP 3.g The program then calculates the mean life expectancy for the cancer patient
by dividing the new total number of years lived by individuals of the specifiedtage
value at year 0 fronSTEP 3.f ) by the number of people out of the group of 100,000
who survive to that ag&STEP 3.f ).

8. STEP 3.h The program calculates the expected 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 cdeadiirates with

therapy:

1. STEP4a The program c arlecduulcattieosn ot hvea | furei sbhkased o
of therapis entered by the user and the information collecte®lTiBP 1.c and STEP
1.d , consistent with the assumptionsAadjuvant! Online?®.

2. STEP 4.b The program daulates 15 values for the breast candeathrate with
therapy in each of the 15 years after diagnosis by multiplying theed5KaplaAMeier
cancerdeathrate,L, (calculated irSTEP 2.b) by t-rheed uicrtiisckn o val ue ¢
above, and by the fractioof the total lethality which can be expected in each {ibar
15-part step function described 8TEP 2.c  that captures the breast carcinoma hazard
function). This step is analogous to that carried ouSITEP 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 years after diagnosis 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 ITEP 2.f describedabove, for thecumulative cancedeathrate
that would occur in the absence of adjuvant therapy.

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

STEP 5 The program calcates life expectancy gained from therapy:

1. STEP 5.a Using the method outlined in the Natial Vital Statistics Repdtt the program
first substitutes the NVSHgiven 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, the program calculates the new total number of years lived by individuals
of the specified agergup past that age, by using the values f&NEP 3

3. STEP 5.c The program then calculates the mean life expectancy with therapy by dividing
the new total number of years lived by individuals of the specified 3§ER 2.d ) by
the number of people out of tgeoup of 100,000 who survive to that aGd EP 1.b ).

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

STEP 6 The program graphs the risk curves for can&FHP_2Db), cancer with therapy

(STEP 1.a ), noncancer $TEP 1.a ), overall STEP 2.d ), and overall with therapySTEP

5.b ) in the usesspecified mode, either as mortality curves, survival curves, a bph,gaapie

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

3.a), the life expectancy lost to canceTEP 3.a ), and the 15ear KaplanMeier cancer

specificdeathrate STEP_1). For the treatment calculatdhe program displays these values, as




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

therapy STEP 5.d ).
7. STEP 7 The program computes grade and stageording to the AJCE€riterig®*

The information providetdy theCancerMattcalculators

Adjuvant! Onlinewas the pioneer in theetd of cancer welzalculators and ts widespread use
among practitionerdemonstratedhe demand for such informatfdn As such it providedus with the
starting point from which weould consider what additional informatishould be available ia second
generation obreast carcinomacalculators

e While Adjuvant! Online provides its measure of lethalat the single time point (10 yearshe
CancerMath calculatorgrovide infornation on the risk of deattor each of the firsil5-years after
diagnosis(FIGURE 3) The CancerMath calculatorgere built to provide informatioover such a
time sparbecausehe analysis of theisk of cancerdeathoverthe very long term by Karrisonteaf®,
using adatasetvith a relativdy small sebf patientsthat had been followedver a very long period of
time, and by owelves,usingthe SEER dataset f€n et in preparationyevealed that thereis a
measurable risk ofleathfor breast carcinoma lethality fahe first 15 yearsafter diagnosisbut that
by year 15at least 90% of that risk has passathlues providedy the CancerMath calculatofsr
each year includehe risk ofdeathto cance, the risk of death to causes other than cancer, and the
overall risk of death. In addition, theCancerMath calculatordisplay the 15year Kaplan Meier
cancer specific death rate. The CancerMathast carcinoma treatmemalculator also provides
information on the impact that various adjuvant treatments can be expected to hawe oredserres
of lethality.

e Adjuvant! Online lumps patientsinto rather large risk groups, which the mathematics of the
CancerMath calculators suggesintain individualpatients with very differentevels of risk. For
example, the Adjuvant! Online caletbr considers as a single groupgatients with tumors-3cm
and 1-3 positive nodes,and assigns aisk of cancer death of approximate#% to this group
However, thisgroup contains patients with tumor of 3 cm and 1 positive nodes, which the
CancerMath calculators indicate have about a 27%eb5 cancespecific death rateyhile other
patients in this Adjuvant! Online group that have tumor$ @in and 3 positive nodebut have a
47%risk of death asindicatedby the CancerMath calculators.

e As noted by Radyvi rhe ctnotheshofidsctalcaabularecangets evere acdurately
predicted, but for othehistological subtypes, the predicted outcomes by Adjtivare too
pessimistio 8 This is not the case for the CancerMath calculators, whiclypseameters to make
such calculationgsee especially the values for tubular carcinoma and Mucinous Carcinoma in
Figures 20 and 2s)

e The CancerMath calculators provitidormationon life expectancyexpressedn terms ofboth days
of life and year®f life, together with information on how life expectansyshortened by the cancer
diagnosis The CancerMathbreast carcinomatreatmentcalculator provides information on the
benefit,in terms of bottdays of life and years of lifevhich various adjuvant treatments can offer.

e The survival information provided by the CancerMath calculators can be viewed in a variety of
formats: in terms fodeathc ur ve s , survival curves,fpcedocbaat s s
which have been provided to present the information is a fashioménabe more comprehensible to
the lay person.

e The CancerMath calculators also take the informationerder and pr ovi de the pati e
(T, N, and M) and stage.

e The Adjuvant! Onlinecalculatoronly provides information orthe underlying 1§/ear risk ofdeath
that isvalid at the time of diagnosi$his information becomes invalid as time passesshe longer a
women remains disease free, the greater is her chance of being cured of ddrec€ancerMath
breast carcinoma conditional survivahlculatorfills this gap by providingnformation on the risk
values for each of the first 15 yearseaftliagnosis.
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¢ While the Adjuvant! Online calculation is carried out by a cdexb java file, which is esadally
invisible to the userthe CancerMatliava Script code that drivealculators is completely visible in
the browser, together with abundantdmentation. In addition, the CancerMath website contains an
exhaustive set of Technical Reports, whetplainsthe underlying math, the determination of the
values of the parameters, and the various tests of the accuracy of the mathematics.

The accuray of the CancerMath calculatians

To test the accuracy of tr&NAPcalculations used in thigreast carcinoma outcomealculator
(Figure 1b) individuals inthe SEER and Partners dataseese sorted into groups of various types and
the predicted survivavalue calculated by th&NAP method were compared with the actd&year
cancer specific KaplaMeier death rates for each group. For exampleStit@Pmethodwas usedo sort
the 293,576 suclpatients from the SEER dataseio were diagnosed after 198he target population
for this calculatoy into groups of differing by a 2% risk of death (i.e. those patients expected to-have 0
2% risk of death, 294% risk of death, 49%6%, etc). A KaplanMeier survival analysigor group
revealedhatthe expected ad observed survival values agreed within 2% for the 97% of patigthtsip
to a 48% risk of deattwhile for the remainin@% of patients with greater tha48% chance of death
the expected and observed survival values for each group agreed withiddionally, when patients
in both the SEER and Partners populatimesesorted bytumor size hodal status, grade, age, histology,
ER/PR statussex, and ragethe agreement between the expected and observed survival values also
proved to be excelletEFIGURE 2.

Accuracy over the whole 15 year time poivas testedfor bothbreastcancer and nenbreast
cancer lethalitypy exporting the code to Matlab, and comparing the predicted survival curves with the
actual survival curves for the patients froine SEER datasetho were diagnosed after 198gain, the
target population fothe breast carcinoma outconmlculator. By this method, the calculator was found
to begenerally accuratainderpredicts norbreastcancer death rates by only2% points The greatest
departure between observed and expected was seen for pafidttgears oldwhere the observed and
expected curves differday 6% Overall estimates of lethality share the same biases, but again are largely
accurate. The least well caped subgroups of patients were those differing with respect to ER status,
with the calculator undepredicting shorterm lethality for very lethal and ERancers, but is off by 7%
at most in those cases. These values can be s&enhnicalReport 12b sthe CancerMath websffe
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DISCUSSION

Here we have described the creation of a set of web basdézuilatorswhich physiciangan use
when makingtreatment choices for individual patientslhe CancerMathbreast carcinoma outcome
calculatorhas bee found to capable of givingestimates of survival thare accurate to within a few
percentdor most patients, as seen by examining patients in two large populations, sottedobysize,
nodal status, grade, age, histology, ER/PR status, sdxrage. The specificity and accuracgf the
underlying mathematicsf the CancerMath calculatonisas also been confirmed by its abiltty stratify
patientsinto groupgdiffering by as little as 2% risk of death

The mathematics used by the CancerMath calcuattive binary-biological model of cancer
metastasiswas built by consideringhat each cellin a tumor will either spread to the periphery, thus
leading to deathor it will not***4?"% From thiseither/or quality, we were able to assign a probability
value for the spread of cells, and from this basis, derived the equations othe CancerMath
calculators In building our math from thigntrinsically either/or quality, we took advantagea
fundamental feature of all of microscopic entities, not only cells, but also molecules, atoms, electrons,
photons, and enes(see:http://www.lifemath.net/binbio.htmhndreference27). Indeed, ve have found
this to be a useful starting point for building mathematical tlmrlsnderstanding a number of features of
multicellullular systems of which cancer lethality is but one examplEor examplepy examining the
consideringas discreteeither/or, eventsoccur in embryonic signalingye have foundhat the growth of
the tissues, organs, and anatomical structures to mbHicsizes, at predictable times, and to predictable
shapes can arise as a natural consequence of such discréteBiesttary, by examining the molecular
mitotic signalingevents that go on withicellsas discretegither/or, eventswe havefound that growth of
each tissué¢o a normal sizenay alsobe the natural consequence tfe discrete either/or, nature of the
eventsthat occur among oncogenes and tumor suppregsee producfs. The same mathematibsis
alsoprovided a way to see whyutationsin some ofthese genes will lead to premaligngnbwth, while
other combinations of mutations will lead datright cancerous growth Using he same thdinary-
biological model of cancer metastasise have been able to create a computer simulation of cancer
growth, spread, andetkction, which could calculagich things as the impact of various mammaoliiap
screening intervalamong women of various ages on the breast carcinoma surviviftateA similar
analysis of the interaction between chemotherapegents and cells has made it possible to create a
mathematical method for examining the impact of the timing and dosage of chemotherapeutic agent on
the outcome of such therapy. Thus, we wouldsuggesthata mathematical considerationtbe discrete,
either/or events that go on among the cells, molecules, atoms, electrons, photons, anur@ddesa
versatile toolkit for understanding many aspects of normal and abnormtceathuiarity, including
cancer lethality, as we have seen at here in the CancerMath calculators.

One the advantages of thimary biologicalframeworkthat drivesthe CancerMath calculatois
that this mathematics can work with as little information as is at tae@&NAPmethal can generate an
esti mat e o fyeaadeqharate vatmjusbtemorlsizay well as with asmuch information as is
desired The methods for measuring the lethal impact of prognostic factors and determining the values of
the parameterased to alculate outcométhe SizeAssessmeahd PrognosticMeasurmentnethod) are
describedin referencel3, andan ongoing effortby our group is to collect such data on additional
prognostic factors and addhis information to the CancerMathcalculators. We also welcome other
researchers who wish to have other prognostic factors included in subsequent editiofzaottr®ath
calculatorsto send along their datarhe SizeAssessmemtethodalsocan be usetb measurehe impact
of local recurrence on survivahusoffering a way tancludethe impact ofadjuvant radiation theragn
subsequent versions of the @arMath calculator®?® Finally, the CancerMathbreast carcinoma
treatmentcalculator, likeAdjuvant Online, uses the reductions irdeathreported by the metaanaly$¥s
as summarized by Radvin ef,ahs arisk reduction. Rat is, both calculatorsestimatethe impact of
adjuvanttherapy by multiplying theeductionin deathfound in the triégs by the underlying risk ofleath
specific to each patientThis is a leap of faith by bot@ancerMath and\djuvant! Online, butsucha
calculationarguablycaptures the general thinkify oncologists when considering the potential benefit
of adjuvanttherapy.As we have noted previoudfythe SizeAssessmemtethod offers a way tquantify
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the impact of adjuvant thergdrom data outside of trig, andwe are currently collectinguchdata to
address th actual impact of adjuvant therapy on outcome for patients with tumors of various
characteristics

It is not unreasonable to ask why the CancerMath calculators aredn€&&degiding physicians
with the most accurate estimates of survival applicable to each patient, rather relying on rough
guesstimates would seem to be intuitively valuable, but whgguably, the reason for such a goal is for
medicine to find the way tose the resources available, which are, by definition, limited, to achieve the
maximal possible extension in lifError! Bookmark not defined. But, to reach such a maximal
possible exterign in life, physicians and patients need to be able to know what the extension in life
particular treatments will offer. It is for this reason that tancerMath calculator give impact
measurements not only in terms of death rates, but most importantgrms of life expectancy, the
ultimate measure by which one decides whether a certain therapy has value. For example, the
CancerMathbreast carcinoma treatmelculator shows that a 34 year old-BRR- patient who has a
1cm mass and 1 positive nodan be expected to gain 843 days of life from CMF therapy, while an 82
year old woman with these characteristics will only gain 47 days of life.

Although the CancerMath calculatorsake calculations for single individualhe very same
code can bexportal out of the browsetio calculateimpactthatvarious treatmenthoices willhaveon a
populationwide basis When combined with cost informatiothis codeshouldalso be able toderive
cost/benefit values. Additionally, asnoted abovethe very samebinary-biological model of cancer
metastasisvhich drives the CancerMath calculators aldavesa computer simulation model of breast
cancer growth, lethality, and detectibit®***, which we have created tprovide information on the
impact on breast carcoma survivalof various usages of mammographic screening, particuthdy
impact of various screening intervalsmong women of various agesiVNe are now in the process of
combiring the two modelso asto make an integrated model of breashaer screenmand treatment
Such an extension of the CancerMath calculators offer the possibility of identiypgto utilize the
financial resources now available for the treatneerd detectiorof breast carcinomao asto reach the
greatespossiblelevel of breast carcinomaurvival

The binary biological mathematical framework that drives the CancerMattalculators was
created to captureancerlethality arising fromthe spread of cancer celldndeed,we have foundhis
mathematicgo alsocapturemany fatures ofmelanomadethality, as well as beingapable of providing
highly accurate estimates of the risk of death for melanoma pati€hts has leatb the development of
a suite of  melanoma calculators located at the CancerMath website
(http://www.lifemath.net/cancer/melanoma/outcome/index.[dlgan et al, in preparation)There is no
reason why the sambinary biological mathematicalframework could notalso be used to create
calculators for other canceirs which the main cause of deathtie spread of cancer cell&ven in the
absence o$ucha biologically-motivatedmathematical framework,calculators cate ma& on a strictly
empirical basis Indeed, we have creatadsi such a calculatdor providing individualized information
on benefit, in terms of days of lifahat may be expecteffom the variousClassA preventive
interventiors recommended by the U.S. Preventive Services Task Force
(http://www.lifemath.net/preventivie/ Thus, we would suggest that tBancerMathbreast carcinoma
calculators provide an example of the sort of seaked tooldhat canbe created to provide physicians
and patients withhe highly accurate, patiergpecific informatiorthey needo reach the greatest possible
savings in life.
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The SNAP (Size+Nodes+PrognosticMarkers$lethod for Estimating the Risk of Breast Carcinoma Death

from Information on Tumor_Size, Nodal Status, and Other Prognostic Factors

— _ *
L - Lprimary + Lnodes (Lprimary Lnodes)
L= 15 yearCancerspecific KaplaAMeier Death Rate
Source of Method Independent
Lethality of Estimation Variable Parameters Interpretation
Q=0.014751
for thetreatment
calculator
The lethal
D D = Tumor Q=0.010054
contribution .
from cancer Diameter for theoutcome anq ~ The lethal
at the , conditional survival| contribution of
_ *.rimar* * 0. * 0. 0,*..)D .
pl’imal’y Site LPrimary :1_e (@ (67027 05704 calculators the p”mary
(1c) _ Z=1| mass increase
J;arir'?ary:o-aog7 it gradually with
foda S_taltuff'; Or(‘jo;" tumor size,
Jsptrgtal;y;is unknowr and the
amount of that
g parameters lethal
Orade 2 oesro | contribution is
Grade 3 1.1224 .
Age 21-30 255 | influeneed by
Age 31-40 1.1267 .
Age 41-50 0.8661 prognosn(;
Age 51-60 1.0190
Moo 71280 1o | factors, as
M 1| captured by
:-r:)l?aur;t(ctal and LCIS 8 gg;g the
Mucinous 0.4846
Medullary 0.5995 g parameters
Tubular 0.2752
Comedo 0.8645
Scirrhous 1.6314
Inflammatory 3.3130
Paget's disease 1.4535
Papillary 0.5414
Cribriform 0.9636
ER+/ PR+ 0.9155
ER+/PR- 1.1389
ER-/ PR+ 1.0462
ER-/ PR- 1.1902
HER2 POSITIVE, 1.5150
HER2 NEGATIVE, 0.9662
The presence
contribution LnO des = l1—-e per-nod The positive lymph
from cancer 5 Number of node
in the lymph €q.(2) Positive contributes
nodes 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.

Note: the value of several paramstdiffer slightly from those outlined in referent® which were derived from the overall
SEER population. Sddaterials and Methods and Results sections for discussion.
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Adjuvant Therapy Age ER Unknown| ER+ ER
Hormonal Therapy (Tamoxifen,
Aromatase Inhibitor, Tamoxifen to
Aromatase Inhibitor, Ovarian
Ablation, Ovarian Ablation +
Tamoxifen) age < 50 20% 32% 0%
age >= 50 and < 60 21% 32% 0%
age >=60 23% 32% 0%
Chemotherapy (CMkke) age <50 30% 30% 30%
age >= 50 and < 60 18% 16% 22%
age >=60 10% 8% 15%
Chemotherapy (Anthracyclines) age <50 41% 41% 41%
age >= 50 and < 60 31% 29% 34%
age >= 60 24% 23% 29%
Chemotherapy (1st generation
regimens: CA*4, CMF, FE(50)C*6) age <50 30% 30% 30%
age >= 50 and < 60 18% 16% 22%
age >=60 10% 8% 15%
Chemotherapy (2nd generation
regimens: CA*4+T*4, DC*4, CEF*6,
CAF*6, FAC*6, FE(100)C*6,
E'4+CMF*4) age <50 44% 44% 44%
age >= 50 and < 60 34% 33% 38%
age >=60 28% 26% 32%
Chemotherapy (3rd generation
regimens: TAC*6, FE(100)C*3+D*3,
CA*4+T*4) age <50 55% 55% 55%
age >= 50 and < 60 47% 45% 49%
age >=60 42% 40% 45%

See Materia and methods sections for the basis of these values.
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Verification of theSNAP method. LISTOFALBTABLE and Figure 206s shown
All patients after 1987, parameters for the outcome calculator, see TABLE I.

TABLE and Figure 2aVerification on the SEER datasd®atients grouped by 10% predicted lethality bins

TABLE and Figure 2bVerification on the SEER datas&®atients grouped by 5%etglicted lethality bins

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

TABLE and Figure B8: Verification on the SEER datasdatients grouped by 5 mm tumor size bins

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

TABLE and Figue 3: Verification on the SEER dataséatients 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 Verificationon the SEER datasd®atents grouped by tumor grade

TABLE and Figure th: Verification on the SEER datas@atients grouped by estrogen and progesterone receptor
TABLE and Figure 8: Verification on the SEER dataset Patients grouped by histological type

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

TABLE and Figure @: Verification on the SEER datasd®ermutations of 10 mm tumor size bins and tumor grade
TABLE and Figure 8: Verification on the £ER datasetPermutations of 10 mm tumor size bins &RPRreceptor
TABLE and Figure 2 Verification on the SEER datasétermutations of 10 mm tumor size bins and histological type
TABLE and Figure & Verificationon the SEER datas&®ermutations ofiumber of positive lymph nodes aB&R/PRreceptor
status

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

TABLE and Figure : Verification on the SEER datas®ermutations of tumor grade and histolagjitype

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 2aaVerification on the Partners datasBttiens 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 datasBfatients grouped by 2% predicted lethalitysb
TABLE and Figure 2ddVerificationon the Partners datasBatients grouped by 20% predicted letha#tp s
TABLE and Figure 2eéVerification on the Partners datasBttients grouped by 10% predicted lethap s
TABLE and Figure 2ffVerification on the Partners datasBatients grouped by 10 mm tumor size bins

TABLE and Figure 2ggVverification on the Partners datasBatients grouped by 5 mm tumor size bins

TABLE and Figure 2hhYerification on the Partners datasBftients grouped by 10%rhor size percentiles
TABLE and Figure 2iiVerification on the Partners datasPatients grouped by number of positive lymph nodes
TABLE and Figure 2ijj:Verification on the Partners datasPatients grouped by tumor grade

TABLE and Figure 2ikkVerification on the Partners datasBfatients grouped ¥R receptor status

TABLE and Figure 2ill:Verification on the Partners datasBatients grouped by histological type

TABLE and Figure 2mmVYerification on the Partners datasBermutations of 10 miumor size bins and tumor grade
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|. VALIDATION WITH SEER DATASETS

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 lethity bins
using the Size+Nodes+PrognosticFactors equation

iy : Difference

Group N L empirical (SEM) L predicted (SEM) (oredi emp)
0-10% 113839 6.30%  0.40% 557%  0.01% -0.73%
10.1-20% 90667 13.84% 0.48% 14.50% 0.02% 0.66%
20.1-:30% 46747  23.96% 0.87% 24.49% 0.03% 0.53%
30.1-40% 24348 34.95% 1.36% 34.49% 0.04% -0.46%
40.1:50% 12845 44.60% 1.82% 44.43% 0.05% -0.17%
50.1-60% 4556 59.27% 3.16% 53.77% 0.08% -5.50%

Mean (std. dev. -0.95% (2.30%)
Mean weighted by N (std. dev -0.13% (0.99)
Root Mean Squargstd. dev.) 2.30% (3.50%)
Root Mean Square weighted by N (std. di 0.91% (1.07)
A 6 070%, 70.180% and 80.1+% groups are not included in the calculation of the mean or
displayed on graph; 95% Cl is greater than 20% or there is insufficient fopadata for the

group

80% -
70% -

V = 0.9558%
60% - R2=0.9897

50% -

L (predicted)
e
OO

Errorbarsrepresent 95% Cls

0.

O~ T T T T T T T 1
0. [V E [V E 0. A0l =m0 L0 -~ 0. 0.
0% 10% 20% 30% 40% 50% 60% 70% 80%

L (empirical)
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Table and Figur@b: Verification of the SNAP method on the SEER datasefpatients after 1987,
parameters for the outcome calculator, see TABLE |).ieRist groupedy 5% predicted lethality bins
using the Size+Nodes+Prognostctors equation

iy : Difference

Group N L empirical (SEM) L predicted (SEM) (oredi emp)
0-5% 49022 3.88% (0.55%) 3.08% (0.01%) -0.80%
5.1-:10% 64817 7.56% (0.51%) 7.45% (0.01%) -0.11%
10.1-15% 51578 11.73% (0.59%) 12.34% (0.01%) 0.61%
15.1-20% 39089 16.6/% (0.79%) 17.35% (0.01%) 0.68%
20.1-25% 26809 21.92% (1.14%) 22.38% (0.02%) 0.45%
25.1-:30% 19938 26.66% (1.33%) 27.33% (0.02%) 0.67%
30.1-35% 13951 32.91% (1.81%) 32.35% (0.02%) -0.56%
35.1-40% 10397 37.68% (2.05%) 37.35% (0.03%) -0.32%
40.1:45% 7538 41.64% (2.30%) 42.38% (0.03%) 0.74%
45.1-:50% 5307 48.82% (3.00%) 47.35% (0.04%) -1.47%
50.1-55% 3138 57.24% (3.91%) 52.25% (0.05%) -4.98%
55.1-60% 1418 63.92% (5.18%) 57.12% (0.07%) -6.79%

Mean (std. dev.
Mean weighted by N (std. de\ -0.01% (0.79%)

Root Mean Square (std. dey 2.52% (3.79%)
Root Mean Square weighted by N (std. di 0.76% (0.90%)

-0.99% (2.42%)

A 6 065.0%, 65.170%, 70.175%, 80.1+% groups are not included in the calculation of the
mean or displayed on graph; 95% CI is gretitan 20% or there is insufficient folleup data

for the group

L (predicted)

80% -
'__7(:)00 7
60% -
5(:)00 N

4(:)00 7

20% -

V= 0.9522X

R2=10.9885

Errorbarsrepresent 95% Cls
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Table and Figur&c: Verification of the SNAP method on the SEER datasefpatients after 1987,
parameters for the outcome calculator, see TABLE |).ieR&t groupedy 2% predicted lethidy bins
using the Size+Nodes+PrognosticFactors equation

iy : Difference
Group N L empirical (SEM) L predicted (SEM) (oredi emp)
0-2% 10517 2.23% (0.77%) 1.31% (0.01%) -0.92%
3-4% 25313 4.10% (0.87%) 3.07% (0.01%) -1.03%
5-6% 26559 486% (0.64%) 4.99% (0.01%) 0.13%
7-8% 27230 7.41% (0.83%) 7.01% (0.01%) -0.40%
9-10% 24220 8.82% (0.85%) 9.02% (0.01%) 0.21%
11-12% 22387 10.13% (0.88%) 10.97% (0.01%) 0.85%
13-14% 21147  12.23% (0.89%) 12.96% (0.01%) 0.72%
15-16% 17883  14.92% (1.12%) 15.06% (0.01%) 0.14%
17-18% 15394  16.75% (1.38%) 17.01% (0.01%) 0.27%
19-20% 13856  17.89% (1.29%) 19.03% (0.01%) 1.15%
21-22% 11825 20.51% (1.64%) 21.00% (0.01%) 0.49%
23-24% 10093 23.07% (1.87%) 22.95% (0.01%) -0.12%
25-26% 9946 23.70% (1.92%) 24.99% (0.01%) 1.29%
27-28% 7504 26.19% (2.19%) 27.00% (0.01%) 0.81%
29-30% 7379 28.60% (2.15%) 28.95% (0.01%) 0.35%
31-32% 6174 30.21% (2.53%) 30.97% (0.01%) 0.76%
33-34% 5471 34.40% (3.06%) 33.01% (0.02%) -1.39%
35-36% 4680 35.41% (2.95%) 34.99% (0.02%) -0.42%
37-38% 4203 34.93% (2.99%) 36.97% (0.02%) 2.04%
39-40% 3820 42.54% (3.73%) 38.94% (0.02%) -3.59%
41-42% 3327 40.79% (3.48%) 40.99% (0.02%) 0.19%
43-44% 2886 41.45% (3.55%) 43.02% (0.02%) 1.57%
45-46% 2537 42.98% (3.93%) 44.97% (0.02%) 1.99%
47-48% 2214 50.32% (4.80%) 46.98% (0.02%) -3.34%
49-50% 1881 51.08% (5.00%) 48.98% (0.03%) -2.09%
51-52% 1471 53.98% (5.75%) 50.97% (0.03%) -3.01%
53-54% 1175 59.62% (5.95%) 52.93% (0.03%) -6.69%
55-56% 887 60.87% (7.12%) 54.94% (0.04%) -5.93%
57-58% 600 61.45% (7.99%) 56.940 (0.05%) -4.51%

Mean (std. dev. -0.71% (2.27%)
Mean weighted by N (std. de\ -0.05% (0.96%)
Root Mean Square (std. dev 2.34% (3.28%)
Root Mean Square weighted by N (std. di 0.94% (1.19%)
A 5-80%, 616 2 % &88%,BI90% not included in the aallation of the mean or displayed
on graph; 95% Cl is greater than 20% or there is insufficient fallpwata for the group
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Table and Figur@d: Verification of the SNAP method on the SEER datasefpatients after 1987,
parameters for the outcomel@dator, see TABLE ). Pa&nts groupedy 1% predicted lethality bins
using the Size+Nodes+PrognosticFactors equation

iy : Difference
Group N L empirical (SEM) L predicted (SEM) (oredi emp)
1 3153 2.58% 1.65% 0.67%  0.01% -1.91%
2 7364 2.11%  0.87% 1.58%  0.01% -0.53%
3 11392 269%  0.75%  2.55%  0.01% -0.14%
4 13921 5.07% 1.36% 3.50%  0.00% -1.57%
5 13192 440% 0.88%  4.49%  0.00% 0.09%
6 13367 527% 0.91% 5.48%  0.00% 0.21%
7 14690 7.09% 1.04%  6.53%  0.00% -0.56%
8 12540 7.89% 1.39%  7.58%  0.00% -0.32%
9 11605 7.51% 1.02% 8.50%  0.00% 0.99%
10 12615 10.25% 1.43% 9.50%  0.00% -0.75%
11 11780 10.19% 1.20% 10.50% 0.01% 0.31%
12 10607 10.04% 1.30% 11.50% 0.01% 1.46%
13 11394 11.57% 1.18% 12.48% 0.01% 0.91%
14 9753 13.01% 1.36% 13.51% 0.01% 0.50%
15 8044 14.83% 1.71% 1451% 0.01% -0.33%
16 9839 1498% 1.48% 15.51% 0.01% 0.54%
17 7879 16.06% 1.84% 16.53% 0.01% 0.46%
18 7515 17.49% 2.10% 17.52% 0.01% 0.03%
19 6681 17.63% 1.90% 18.50% 0.01% 0.88%
20 7175 18.15% 1.75% 19.53% 0.01% 1.38%
21 5918 18.84% 2.08% 20.50% 0.01% 1.66%
22 5907 21.96% 2.45% 21.51% 0.01% -0.46%
23 5322 24.10% 2.50% 22.49% 0.01% -1.61%
24 4771 21.03% 2.46% 23.47% 0.01% 2.44%
25 4891 22.70% 2.80% 24.51% 0.01% 1.81%
26 5055 24.63% 2.66% 25.46% 0.01% 0.83%
27 3629 25.20% 3.04% 26.49% 0.01% 1.28%
28 3875 27.15% 3.16% 27.48% 0.01% 0.33%
29 3903 28.88% 3.06% 28.50% 0.01% -0.38%
30 3476 28.31% 3.00% 29.46% 0.01% 1.15%
31 3218 29.27% 3.42% 30.48% 0.01% 1.21%
32 2956 31.21% 3.68% 31.50% 0.01% 0.29%
33 2630 34.86% 4.38% 32.50% 0.01% -2.35%
34 2841 34.07% 4.28% 33.49% 0.01% -0.59%
35 2306 36.36% 4.52% 34.49% 0.01% -1.87%
36 2374 34.41% 3.81% 35.48% 0.01% 1.07%
37 2319 34.18% 4.06% 36.53% 0.01% 2.35%
38 1884 35.80% 4.42% 37.51% 0.01% 1.71%
39 2082 43.13% 5.07% 38.47% 0.01% -4.66%
40 1738 41.90% 556% 39.51% 0.01% -2.39%
41 1758 42.31% 4.74% 4051% 0.01% -1.80%
42 1569 38.96% 5.04% 41.52% 0.01% 2.56%
43 1423 42.25% 5.05% 42.52% 0.01% 0.27%
44 1463 40.67% 4.99% 43.49% 0.01% 2.82%

45 1325 43.74% 5.65% 44.51% 0.01% 0.77%
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4.14%
-1.28%
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-9.21%

Mean (std. dev. -0.34% (2.36%)
Mean weighted by N (std. de\ -0.09% (1.21%)

Root Mean Square (std. de\ 2.36% (3.62%)
Root Mean Square weighted Wy(std. dev.) 1.20% (1.61%)
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Table and Figur&e: Verification of the SNAP method on the SEER datasdpatients after 1987,
parameters for the outcome calculator, see TABLE |).ieR@t groupedoy 10% predicted lethality
percentiles using the Size+Nodes+PrognosticFactors equation

iy : Difference

Group N L empirical (SEM) L predicted(SEM) (oredi emp)
0-3.5% 28735 298%  0.63% 2.26%  0.01% -0.71%
3.65.7% 29067 478%  0.66% 455%  0.01% -0.23%
5.87.9% 29563 7.11% 0.77%  6.76%  0.01% -0.36%
7.910.3% 30056 9.08%  0.78%  9.07%  0.01% -0.01%
10.412.9% 29497 10.50% 0.75% 11.61% 0.01% 1.11%
13.016.2% 29594 14.32% 0.84% 14.54% 0.01% 0.22%
16.320.3% 29620 17.28% 0.92% 18.17% 0.01% 0.89%
20.4259% 29779 2251% 1.09% 22.97% 0.02% 0.45%
26.034.5% 28228 29.74% 1.20% 29.85% 0.03% 0.11%
34.6+% 29437 44.49% 1.22% 43.41% 0.08% -1.08%

Mean (std. dev.” 0.04% (0.68%)

Mean weighted by N (std. dev 0.04% (0.68%)

Root Mean Square (std. dev 0.64% (0.70%)

Root Mean Square weighted by N (std. di 0.64% (0.70%)
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Table and Figuré&f: Verification of the SNAP method on the SEER dtaset (patients after 1987,
parameters for the outcome calculator, see TABLE I). ieRat groupedby 5% predicted lethality
percentiles using the Size+Nodes+PrognosticFactors equation

iy . Difference
Group N L empirical (SEM) L predicted (SEM) (oredi emp)
0-2.4% 14679 2.45% 0.72% 1.57%  0.01% -0.88%
2.53.5% 14697 3.71% 1.00%  3.00%  0.00% -0.71%
3.64.6% 14660 4.57% 1.05% 4.06% 0.01% -0.51%
4.7-5.7% 14800 4.79% 0.80% 5.17%  0.01% 0.38%
5.86.8% 14663 6.76% 1.05% 6.27%  0.00% -0.49%
6.97.9% 15192 7.74% 1.13% 7.40% 0.01% -0.34%
8.0-:9.2% 14171 7.45% 094% 854% 0.01% 1.09%
9.310.2% 14563 10.91% 1.30% 9.70%  0.01% -1.20%
10.311.6% 14656 10.07% 1.07% 10.94% 0.01% 0.87%
11.7712.9% 14805 10.94% 1.06% 12.26% 0.01% 1.32%
13.0145% 14577 13.07% 1.16% 13.69% 0.01% 0.63%
14.616.2% 14696 15.45% 1.23% 15.34% 0.01% -0.10%
16.318.0% 14664 16.78% 1.40% 17.08% 0.01% 0.30%
18.1-:20.2% 14680 17.71% 1.24% 19.12% 0.01% 1.41%
20.322.7% 14684 22.47% 1.63% 21.42% 0.01% -1.05%
22.825.7% 14786 22.15% 1.42% 24.21% 0.01% 2.06%
25.829.4% 14568 27.49% 1.62% 27.56% 0.02% 0.07%
29.534.4% 14677 31.94% 1.74% 31.88% 0.02% -0.05%
34.542.0% 14678 38.46% 1.72% 37.99% 0.03% -0.46%
42.1+% 14679 50.45% 1.73% 48.86% 0.09% -1.58%

Mean (std. dev. 0.04% (0.96%)

Mean weighted by Kstd. dev.) 0.04% (0.96%)

Root Mean Square (std. dey 0.94% (1.04%)

Root Mean Square weighted by N (std. di 0.94% (1.04%)
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Table and Figur@g: Verification of the SNAP method on the SEER datasefpatients after 1987,
parameters for the outcornalculator, see TABLE I). Pianhts groupedby 10 mm tumor size bins

Group N L empirical (SEM) L predicted (SEM) (;Z]:je.l.reennclg)
1-10 mm 72129 6.83% (0.46%) 6.18% (0.04%) -0.64%
11-20 mm 128000  13.95% (0.44%) 13.86% (0.05%) -0.09%
21-30mm 61307 24.68% (0.76%)  23.78% (0.08%) -0.89%
3140 mm 22011 32.72% (1.37%)  32.38% (0.15%) -0.33%
41-50 mm 10129 36.67% (2.07%)  38.90% (0.23%) 2.23%

Mean (std. dev. -0.06% (1.25%)
Mean weighted by N (std. dev -0.33% (0.53)
Root Mean Square (std. dev 1.12% (1.45%)
Root Mean Square weighted by N (std. di  0.58% (0.62)




