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Health Communication Technology
Group

Using modern web-programing, computer speech
and telephony to build systems to
recruit, remind, schedule, and track patients,
so as to keep them in good health



Our computer simulation studies (outlined below) told us that:

e Reaching the predicted survival level of 88% by prompt
annual attendance screening from age 40 would be an
enormous reduction In breast cancer death in comparison to
the current level of breast cancer survival, which is believed
to be about 55-70%. Since there are more than 40,000 deaths
caused by breast cancers in the USA per year, this translates
Into tens-of-thousands of lives that could be saved.

e Twice-yearly screening from age 30 might reach breast
cancer survival levels of 91%. Because of the approximately
180,000 women are found to have breast cancer in the US
each year this translates into more than 5000 extra lives that
might be saved by such a strategy.



Our computer simulation studies (outlined below) told us that:

e Reaching the predicted survival level of 88% by prompt
annual attendance screening from age 40 would be an
enormous reduction In breast cancer death in comparison to
the current level of breast cancer survival, which is believed
to be about 55-70%. Since there are more than 40,000 deaths
caused by breast cancers in the USA per year, this translates
Into tens-of-thousands of lives that could be saved.

What is Our Most Powerful Tool
For Reducing the Breast Carcinoma
Death Rate?




Failure to Adhere to Medical
Advice 1s a Hidden Crisis In
Modern Healthcare!!

non-adherence affects many aspects of
medicine, as seen in failure of patients
to take their medications, missed
appointments for cancer screening,
hypertension control, diabetes control,
Immunization, ...[fill in for yourself!]



Each year

~36,000 Americans,

Including ~ 100 children, die of

In 2003,

INfluenza

08 otherwise normal

children died of influenza...

... only or

e of these children had

recelved influenza vaccine

Flu vaccine cost just ~$25, and is usually covered by health
insurance, Medicaid and Medicare



Long-term Persistence in Use
of Statin Therapy in Elderly Patients

Joshua S. Benner, PharmD, Scl)
Robert I. Glynn, PhDD, ScD
Helen Mogun, M3

Peter ). Neumann, Scl)

Milton C. Weinstein, PhD

Jerry Avorn, MD

ARDIOVASCULAR DISEASE AC-

counts for 950000 deaths an-

nually in the United States, in-

cluding 460000 deaths from
coronary heart disease (CHD).! Eighty-
five percent of those who die of CHD and
72% of those who experience a stroke
each year are 63 years of age and older.’
Since 1994, 6 large clinical trials have
shown that 3-hydroxy-3-methylglutaryl-
coenzyme A reductase inhibitors (stat-
ins) significantly reduce the incidence
of CHD-related morbidity and mortal-
ity and strokes in patients undergoing
treatment for an average of 5 years.*”
Analyses suggest that the benefits of
statin treatment in patients 65 years of
age and older are quite similar to those
seen in younger patients.”'” The recent
National Cholesterol Education Pro-

Context Knowledge of long-term persistence with 3-hydroxy-3-methylglutaryl co-
enzyme A reductase inhibitor (statin) therapy is limited because previous studies have
observed patients for short periods of time, in closely meonitored clinical trials, orin
other unrepresentative settings.

Objective Todescribe the patterns and predictors of long-term persistence with statin
therapy in an elderly US population.

Design, Setting, and Patients Retfrospective cohort study including 34501 enroll-
eesinthe New Jersey Medicaid and Pharmaceutical Assistance to the Aged and Disabled
programs who were 65 years of age and older, initiated statin treatment between 1990
and 1998, and who were followed up until death, disenrollment, or December 31, 1999

Main Outcome Measures Proportion of days covered (PDC) by a statin in each
quarter during the first year of therapy and every & months thereafter; predictors of
suboptimal persistence during each interval (PDC <80% ) were identified using gen-
eralized linear models for repeated measures.

Results The mean PDC was 79% in the first 3 months of treatment, 56% in the sec-
ond quarter, and 42% after 120 months. Only 1 patient in 4 maintained a PDC of at
least 80% after 5 years. The proportion of patients with a PDC less than 80% increased
in a log-linear manner, comprising 40%, 61%, and 68% of the cohort after 3, 12, and
120 mr:lnths. respectively. Independent predictors of poor long-term persistence in-
cluded nonwhite race, lower income, older age, less cardiovascular morbidity at initiation
of therapy, depression, dementia, and occurrence of coronary heart disease events after
starting treatment. Patients who initiated therapy between 1996-1998 were 21% to 25%
more likely to have a PDC of at least 80% than those who started in 1990.

Conclusions Persistence with statin therapy in older patients declines substantially over
time, with the greatest drop occurring in the first € months of treatment. Despite slightly
better persistence among patients who began treatment in recent years, long-term use
remains low. Interventions are needed early in treatment and among high-risk groups,
including those who experience coronary heart disease events after initiating treatment.
JAMA, 2002;288:455-467
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Nonadherence to Adjuvant Tamoxifen Therapy in Women With
Primary Breast Cancer

By Ann H. Partridge, Philip S. Wang, Eric P. Winer, and Jerry Avorn

Purpose: Although clinical trials have clearly demon-
strated the benefits of tamoxifen in women with primary
breast cancer, litile is known about how this drug is actually
used in the general population. We sought to estimate
adherence and predictors of nonadherence in women start-
ing tamoxifen as adjuvant breast cancer therapy.

Patients and Methods: Subjects were age 18 years or
older initiating tamoxifen for primary breast cancer and
enrolled in New Jersey’s Medicaid or Pharmaceutical Assis-
tance to the Aged and Disabled programs during the study
period, from 1990 to 1996 (N = 2,378). Main outcome
measures were number of days covered by filled prescrip-
tions for tamoxifen in the first year of therapy with the 4
years after tamoxifen initiation for a subset; predictors of
good versus poor adherence.

Results: Twenty-three percent of patients missed taking
tamoxifen on more than one fifth of days studied, although

on average, patients filled prescriptions for tamoxifen for
87% of their first year of treatment. The youngest, oldest,
nonwhite, and mastectomy patients had significantly lower
rates of adherence; patients who had seen an oncologist
before taking tamoxifen had significantly higher rates of
adherence. Overall adherence decreased to 50% by year 4
of therapy.

Conclusion: The mean level of adherence to tamoxifen is
high compared with other chronic medications. However,
nearly one fourth of patients may be at risk for inade-
quate clinical response because of poor adherence. Be-
cause of the efficacy of tamoxifen therapy in preventing
recurrence and death in women with early-stage breast
cancer, further efforts are necessary to identify and pre-
vent suboptimal adherence.

J Clin Oncol 21:602-606. «
Society of Clinical Oncology.

2003 by American
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Fig 1. Long-term adherence to adjuvant tamoxifen therapy in eligible patients
from 1991 index year cohort.



approximately half
said that they sometimes furgut (94 of 193:; 48.7%) or
deliberately omitted (25 of 191; 13.1%) taking their tablets

Forgetting Is an unappreciated cause of
non-adherence

Which can sometimes be ameliorated by
simple reminding



Reminding Patients Helps Them Adhere!

An intervention study to enhance medication compliance in community-

dwelling elderly individuals.
Fulmer TT, Feldman PH, Kim TS, Carty B, Beers M, Molina M, Putham M.
J Gerontol Nurs. 1999 Aug;25(8):6-14.

OBJECTIVE: To determine whether daily videotelephone or regular telephone reminders would increase the
proportion of prescribed cardiac medications taken in a sample of elderly individuals who have congestive heart failure
(CHF). METHODS: The authors recruited community-dwelling individuals age 65 and older who had the primary or
secondary diagnosis of CHF into a randomized controlled trial of reminder calls designed to enhance medication
compliance. There were three arms: a control group that received usual care; a group that received regular daily
telephone call reminders; and a group that received daily videotelephone call reminders. Compliance was defined as
the percent of therapeutic coverage as recorded by Medication Event Monitoring System (MEMS) caps. Subjects were
recruited from 2 sources: a large urban home health care agency and a large urban ambulatory clinic of a major
teaching hospital. Baseline and post-intervention MOS 36-Item Short-Form Health Survey (SF-36) scores and
Minnesota Living with Heart Failure (MLHF) scores were obtained. RESULTS: There was a significant time effect
during the course of the study from baseline to post-intervention (F[2,34] = 4.08, p <.05). Over time the elderly
individuals who were called, either by telephone or videotelephone, showed enhanced medication compliance
relative to the control group. There was a trend, but no significant difference between the two intervention groups.
Both SF-36 and MLHF scores improved from baseline to post-intervention for all groups. There was no significant
change in the SF-36 scores for the sample, but there was a significant change for the MLHF scores (p < .001). The
control group had a significant fall off in the medication compliance rate during the course of the study, dropping from
81% to 57%. CONCLUSIONS: Telephone interventions are effective in enhancing medication compliance and may
prove more cost effective than clinic visits or preparation of pre-poured pill boxes in the home. Technologic advances
which enable clinicians to monitor and enhance patient medication compliance may reduce costly and distressing
hospitalization for elderly individuals with CHF.



However, there Is a cheap, easy,
technological fix, in automated

computer generated telephone
reminder messages.

L HGEE
=1=i =

3 [l Lot Wew Eroject Formst Debug fun "'“‘"‘l_
Do BSEIBEN Tenen [ 2, e

] 52—
e m— S —
T Hoollp | | Pame | Cancel | %] @] '#
® “—%E I Computer Software
m b
R meed |5 sl System for
== [, .
e Bl Automatically
gz;:g | B Making Telephone
2°8Q Calls and Leaving
Te s ) Messages

Kl 1 Lrl




Medicine Is Fragmented

o Patient
Physician

Pharmacist



A Reminder System Can De-Fragment
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When Done Right, People LIKE
Computer Speech

The reminder system creates a RELATIONSHIP between the patient and the
system. A major goal is to make this a relationship that the patient LIKES,
WANTS, and RESPONDS TO FAVORABLY. This means perfecting the
personality and human-factors aspect of the reminder voice and message.

Why not let the system become a helpful friend to the patient:

a.  Allow the patient’s other medications to be included

b.  Allow the patient to use the system for any other reminder that she wishes
Adapt the system to providing the patient with other helpful medical information
Create reminder systems for other medications

Re-engineer the cell phone to tighten the link between the cell phone and the pill



IBM Health Monitor

Novel mobile health monitoring devices such as the blood pressure cuff (left) and pill
boxes (right) send data to the mobile phone via Bluetooth. The mobile hub software
integrated into the mobile phone (center) forwards the data to a care center for
monitoring (screen in the back) and returns reminders or alarms in an emergency. A
Mark of Fitness MF-77 blood pressure monitor and Bang & Olufsen IDAS Il patient
compliance device, both modified by IBM Engineering & Technology Services to
operate with Bluetooth, along with the Sony Ericsson P900 cell phone serving as the
communications hub, are running software developed by IBM Research. The patient
measurements are viewed in real time via a standard Web browser, are running here
on an IBM Thinkpad laptop computer.



There 1S a Science to Persuasion

0GILVY

How to Build a Speech
Recognition Application

A Style Guide for
Telephony Dialogues
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Mammaography Illustrates Many
of the Principles of Medical
Non-Adherence



A decade of study of screening mammography
has taught us:

* Annual screening saves lives (~90% survival),

 Most women begin at age 40, but then don’t
come back on time.
 This cuts the life-sparing effect of mammography

In half.



Only 6% of the women with a mammogram in 1992 utilized
all 10 mammograms possible over the next ten years.

The median number of mammograms over the 10-year period
utilized was 5.06 (51% of the ACS recommendation).

By computer simulation, this underutilization should lead to a
50% higher level of breast cancer death.

1-1n-4 women never come back.

26% of the women who make an appointment for a
mammogram forget to show up

Women from traditionally-underserved socio-economic, racial
and ethnic groups, and women who did not speak English,

had lower levels of usage, as did women attending their first
mammogram or who had not previously returned promptly for
screening.

However, all sub-populations of women sorted by age, race,
ethnicity, zip code, income, previous screening use, or medical
history fail to return promptly for annual screening exams.



The Main Psychological Mechanism
for Missing Appointments IS
Simple Forgetting.

More than 100 studies have shown
that ordinary reminders (especially
telephone reminders) will improve
the use of breast cancer screening.



Why Is prompt return to
screening so poor?

Sending reminders to make, and then
attend, mammography exams is a
thankless, expensive, time-consuming,
and tedious task.



Why Is prompt return to
screening so poor?

Sending reminders to make, and then
attend, mammography exams is a
thankless, expensive, time-consuming,
and tedious task.

«Screening centers make their calls is the afternoon, but many women are not home
till evening.

*Few screening centers have callers who speak Spanish, Chinese, and other
languages in common use.

*There are no systems for sending reminders to women who have not yet made
appointments, nor to women who have missed their appointments.



To solve this problem, we have developed:

An Integrated Reminder/Tracking System,
for Minimizing Delay in the Diagnosis and
Treatment of Breast Cancer

The system sends computer generated
telephone reminder messages to women

to encourage prompt attendance at annual
screening ViISIts,

and web forms to aid physicians in tracking
patients with breast symptoms.



The reminder/tracking system Is
on a server outside of an
Individual hospital, so that it can
follow a woman wherever she
seeks medical care.



The reminder/tracking system Is
on a server outside of an
Individual hospital, but it will
still be fully secure and
HIPAA compliant.



The reminder/tracking system Is
on a Server Outside of an
Individual hospital, so that it can
be accessed through the web, or
through computer telephony,
from anywhere



Let’s take a look at the system.

It’s now fully functional, capable of sending
computer generated reminders to women who have
made appointments for screening mammograms.



Any screening center or physician’s office who has been
given logon privileges and a password can use the system:
all that’s needed Is access to the Internet.
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A calendar provides a convenient tool for entering an upcoming
appointment and its corresponding computer generated telephone
reminder. (Data can also be entered in bulk, if available electronically.
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If the patient is already in the system, all you need is the
social security number or first/last name.

File Edit Wew Favorites Tools Help

Qe - ) BREKA ) search Sz Favorites €2) - % LB 3

Address

Friday, May 27, 2005 11:00:00 AM
Identify patient by Social Security Number

If the patient is not a new patient, please enter their social security number
to retrieve the rest of their personal information.

Social Security Number: | 123456789
Get Patient Information via Social Security Number Location: Test Hospital

Identify patient by last name

. . . N Call Requested:
If you do not know the social security number, enter the patient's last name |cg)) Completed:
and first initial. call Status:

First Initial: I:l
lostName:| |
Get Patient Information via Last Mame

¥



We can send her the telephone message in any language she
wishes, at any time she wishes.

File Edit Wew Favorites Tools Help

Qe - © - BREKA ) search Sz Favorites €2) @-% LB 3

Address @ http://mammographyreminder.netfreminder/apptview.asp?apptDate=5/27,/2005%2011:00:00%20AM

Friday, May 27, 2005 11:00:00 AM

Update a Patient's
Information

Patient Name: Liza Simpson
SSN: 123456789 Location: Test Hospital 3, Room 2

Birthd ;m 16 |» || 1982 Scheduled on: 5/5/2005 8:56:33 PM
I i P | |_ Scheduled by: gusst
Telephone Number:{ 6177241364
. 2415 Call Requested:
Alternate Phone:{6177241364 Call Completed:

E-Mail: |Sirﬂpson@ﬂspringﬁe|dlci_us Call Status: Never Called




When she finally comes in for this year’s screening exam, It’s easy
to initiate the reminder for the next year’s screening Visit.

File Edit Wew Favorites Tools Help

Q=" © MRG P oo @ 3-2 @ -Jl B

Address @ http://mammographyreminder.net/freminder/calendar ftoday.asp

TODAY'S APPOINTMENTS
Thursday - May 5, 2005

. i
Click on the ‘c to schedule
a new appointment.

=
Click on the @ to view details
and/or check patient in.

Color Key
Open Appointment
Not Checked In Yet
=

Error in assigning call status




A scheduler Initiates the telephone
reminder at any desired time previous
to the appointment.



Here’s the script designed for the Massachusetts General
Hospital Breast Imaging Center. It is now operational.

The Massachusetts General Hospital is calling with a medical appointment reminder for Ms [first name] [last name]. If this is your name, please press “1” now. Otherwise, press “2”.
Nothing pressed — wait 3 seconds: This is an automated message from the Massachusetts General Hospital calling with a medical appointment reminder for Ms. [first name] [last name]. To
confirm the time and day of your upcoming appointment, you may call 617-726-0985 from 9 AM to 5 PM. Thank you. Goodbye.

2 (or other key) pressed: This is a private medical appointment reminder. Please tell Ms. [first name] [last name] that the Massachusetts General Hospital called. If Ms. [first name] [last
name] wishes to confirm the date and time of her upcoming appointment, she may call 617-726-0985 from 9 AM to 5 PM. To repeat this telephone number, please press “1”” now.

If 1 is pressed: [Repeat italicized chunk of paragraph above]

If any other key is pressed or 3 seconds passes: Goodbye. [hangup]

1 pressed: | am calling to provide you with a medical appointment reminder. To insure your confidentiality, so that only you may receive this reminder, please enter the month and day of your
birthday, in numbers, followed by the pound sign. For example, if your birthday is February 14", please press zero two one four followed by the pound key.

Incorrect birthday (first time): I’m sorry, but that’s not correct. [Repeat italicized chunk of paragraph above].

Incorrect birthday (second time): This is a private medical appointment reminder. Please tell Ms. [first name] [last name] that the Massachusetts General Hospital called. If Ms. [first name]
[last name] wishes to confirm the date and time of her upcoming appointment, she may call 617-726-0985 from 9 AM to 5 PM. To repeat this telephone number, please press “1”” now.

If 1 is pressed: [Repeat italicized chunk of paragraph above]

If any other key is pressed or 3 seconds passes: Goodbye. [hangup]

Correct birthday entered: Thank you. Please remember that you have an appointment for your annual mammogram on [day of week] [month] [day] at [hour][minute][AM/PM]. If you have
any questions, feel free to call the center at 617-726-0985 between 9 AM and 5 PM. If you’d like to receive another telephone reminder the day before the appointment, please press 1 now,
otherwise, press 2.

{If 1, any key other than 2, or nothing is pressed, set “repeat reminder” to true. If 2 is pressed, set “repeat reminder” to false. Then continue.}

To hear the date and time of your appointment again, please press 1. As you may know, the Avon Center not only provides breast cancer screening to large numbers of women, but also carries
out research to improve women’s health. If you would like to learn about participating in one of these studies, please press 2 and we will contact you with details. If you need directions to the
center or instructions as to how to prepare for the mammogram, please press 3 now. To hear this message again, please press 4. To conclude and hang up, please press 5.

1 pressed: [Repeat italicized chunk of paragraph above (This would be the entire paragraph, minus the section about receiving another appointment reminder).]

2 pressed: Thank you for your interest in being contacted about a research study. We shall be calling you in a few days. If you would like us to call you on a weekday, please press 1. If you

would like us to call you on a weekend, please press 2.
1 or 2 pressed: Thank you. [Repeat the “menu” section of the previous paragraph (second italicized chunk that starts “To hear the date and time of your appointment...”)]

Other or no key pressed: [Repeat the “menu” section of the previous paragraph (second italicized chunk that starts “To hear the date and time of your appointment...”)]
3 pressed: The MGH Breast Imaging Division is located on the Second Floor of the Wang Building at the Massachusetts General Hospital, Blossom Street, Boston, Massachusetts. Please arrive
10 minutes early to the Avon Center and do not apply any deodorants, lotions, or powders to your skin that day. [Repeat the “menu” section of the previous paragraph (second italicized chunk

that starts “To hear the date and time of your appointment...”)]
4 pressed: [Repeat the “menu” section of the previous paragraph (second italicized chunk that starts “To hear the date and time of your appointment...”)]

5, other, or no key pressed: Goodbye. [hangup]



A scheduler initiates the telephone
reminder at any desired time previous
to the appointment.

The telephone reminder Is a hosted service:
The screening center needs
no special telephone equipment.
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THE CARNEY HOSPITAL INC 1100 DORCHESTER AVENUE |DORCEESTER [p21s Mo
TPELANE CORNER HEALTH CENTER 413 COLUMELA ROAD DORCHESTER 0213 Mo
[WHLEEN MEMORIAL HOSPITAL 03 GARLAND STREET EVERETT ba14s17 Mo
[WOMENSHEALTH CENTER $6 GARLAND STREET EVERETT ba14ds17 Mo




Other Projects...
... Ongoing



A randomized trial at the Greater Lawrence Family
Health Center of a systems that will launch
computer generated telephone messages to recruit
patients to come In for cancer screening tests
(Karen Emmons DFCI PI)

. < Lawrence Is the Poorest City in Massachusetts
e Many Immigrants

e Many Undocumented

e 2" |_argest Dominican Population in US

* 90% Spanish Speaking

* 60% Do Not Understand English

» 30% Illiterate in all Languages

* Deeply Committed to Good Health for All
 Research Oriented




Lawrence Project Outreach IVR Script

Induces fundamsarital

Version 1
Mitalee M. Patil
aftribution ermor: patient is
— likety to respect '\
Principle of Social Nomms; representative who has been Er
Clarifies that this is not a impression that everyone s praised by 3 third party .JI
solicitation. States QOur recards indicate fhat you are now eligible for [aftwo’ getiing screened § making {Claldini) 4
three | important soreening fests for [insert cancen(s)]  |— appairtments. (Ciakdini)

importance and includes

patient's name to dissuade To schedule your appointment, press 1.

Thig is the Greater Lawrance immediate hang-ups
Family Health Center calling with
an impartant message for {name) Timeout An experienced representative
" . Trom the GLFHC will call you &
R t abo English; rd
(Repeatabove in English) L . | schadule your appointment shorfly. s ana'esaus
For English, press 1 Tl ou can leave message now, - 4 e file
- Did you know that because most Americans have had tedling us when you'd ke us ta &2 3 “f"s
cancer screening tests, the sunvivalrates for these 1 mia ke the appainiment]s)
T {Proceed in diseases have incraased anormously. i
_ Engiigh) Toschedule your appointment, press 1.
¥ Do o
| Demeonsirates response
efficacy — ie. shows how fear
Timeout of cancar can be decreasaed

Timeout
by getting screened. (Fear-
as-drive model from health
risk messages |I‘IEIE1LIIE:I

Sure, going for a kest can somefimes feel scary
But did you know that cancer screening tests find
cancers befare they becoms harmiul? So
whether your test is negative, which happens
1

k.
NOT PATIENT
Ifthis is (name), press This is a private medical message mare than 99% of tha time, or positive, in which
1. Ctherwise, press 2. Please tell (name] fo expect a call fom case itis almaost always curable, the result of a
P ““"—-q_______ 2____‘_,-/‘" the Greater Lawrence Famiy Health cancer screening tesi‘:good news. And, going
Centerin ¥ days will make you feelgraat — )
| h To schedule your cancer screening, press 1 Pasiting similarity he?fw'en
target audience and invenior
1 of screening test. | Ciadini)
l Timeout Reinfarcing respanse
efficacy (Fear-as-drive
CAPTURE DOB + model]
To ereure your Did you know that the first cancer screening test -
| confdentialty, enter was invented by Dr. Papanicolaou, who was bom
youﬂ;ail‘oful:l;ma on a small island in Greece, came to America in 1
W rumber: 1914 and became a citizen in 19257 Dr.
Papanicolaou imvented the Pap amear, whose

widespread use has made cenvical cancer a
disease that is almost atways cured this country.
5o, thank you Dr. Papanicalaou.

To schedule your screening now, press 1.

=4
NO MATCH -
That dossnt Timsaut
match our recards.
Try again Ifyou have any questions, you can leave
M ESSagE NOW.
4 /‘F ng Cne of us fromthe Greater Lawrence
o | Family Haaith Center would be delighted to
yes o call you back fo make an appaintmeant or
L2 ¥ ANSWET YOUr questions.
TOO MANY DIGITS
We are just expeding Matches
your year of birth recard?
entered as 4 digits. no _w

L]



Other Projects...
... Planned



TRACKING/REMINDER SYSTEM FOR INCREASING RATES
OF INFLUENZA IMMUNIZATION

Reminder System Server

“Hello, this is a medical reminder
message from the [STATE] -
Department of Health, with

information about the
availably of flu vaccine in
your area ...

800-XXX-XXXX
Please call when
the flu vaccine
becomes available

Immunization Registry

Would you like to

get a call for next

year’s flue
vaccine?

(oI

Telephone

Directory Database S |
(Available from _PhyS|C|an S Pharmacies Mar_nmography
Commercial Sources)  Offices, HMOQ's, etc Reminder System

The Patient

.



AN APPOINTMENT -
MAKING/REMINDING/TRACKING SYSTEM
FOR COLORECTAL CANCER SCREENING

James 5. Michaelson Ph.D.

COLLABORATORS

+ Blake Cady MD, Maszsachusetts General Hospital, Division of Surgical Oncology, Harvard University

o Paul C. Schroy III, MD, MPH, Director of Clinical Research for the Section of Gastroenterology, Section of
Gastroenterology, Boston Medical Center

» Fobert Mayer M.D. Stephen B. Kay Family Professor of Medicine, Department of Medicine, Harvard Medical
School, Vice Chair for Academic Affawrs, Department of Medical Oncology, Dana-Farber Cancer Institute

o James C. Cusack, Jr, MD, Massachusetts General Hospital, Division of Surgical Oncology, Harvard University

« Wiliam F. Brugge. M.D, Director, Massachusetts General Hospital GI Endoscopy Unit, Harvard University

*  Daniel Chung M.D, Director, Massachusetts General Hospital GI Cancer Genetics Clinic, Harvard University

# David L Can-Locke, MD, FECP, Director of Endoscopy, Brigham & Women's Hospital, Harvard Umniversity

o  Wendy Atkin PhD. Population Screening Fesearch Group, Colorectal Cancer Unit, 5t Mark's Hospital, London,

o Clifford I. Nass PhD, Profeszsor and Director of the Institute for Conumunication Fesearch, Stanford University

* Joseph E. Betancourt, MD, MPH, Senior Scientist, Institute for Health Policy in Medicine and Program
Director for Multicultural Education, Massachusetts General Hospital

*  Alexander E. Green, MD, MPH, Senior Scientist, Institute for Health Policy, Massachusetts General Hospital

OUTLINE

Failure of large numbers of patients to make, and then attend, appeintments for colorectal cancer
screening is a major contributor to colorectal cancer death. The modem technologies of computer speech
and telephonyv make it possible to launch, for pennies a call, computer generated telephone messages that
can help patients make, and then keep, appointments colorectal cancer screening. Here, we propose to
create just such an appointment-making reminding/tracking svstem for colorectal cancer screening. The
svstem will launch computer generated telephone messages to recruit patients for screening as well as
reminder messages to help patients remember to attend screening visits. The system will also provide
web-formms for medical professionals to initiate appointments for screening and to track patients with
svmptoms found at screening. We propose to test the reminder svstem bv implementation in Greater
Boston (area code 617), but the long-term goal of this work is to create a svstem that can be used
nationallv. This work builds upon the expertise we have gained during the construction of an integrated
appointment-making reminding tracking svstem of breast cancer screening. The work we propose here
will also have a strong research component, so as to analvze the patterns of colorectal cancer screening
usage, with special emphasis onthe process of appointment making and keeping, and the impact of the
svstem on attendance at screening.
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' HealthTalker ™

An IVR System for Preventive Health Interventions

Please log in below.

Welcome to HealthTalker

E-mail: |dfghjk|rd@erf.edu HealthTalker is an interactive voice response (IVR) system for recruiting and reminding patients to schedule
preventive health visits, such as cancer screening (mammography, colorectal cancer screening, and pap tests),
Password: |uuuuu immunizations, diabetes control, or hypertension control.

Why use HealthTalker?

Recover Password

Sends computer-generated telephone messages.

+ Recruiting calls encourage patients to make an appointment.
Ay « Confirming calls notify patients of the scheduled appointment time.
; +« Reminding calls ensure patients do not forget appointments.

Helps schedulers book appointments.

+ Audio recordings notify schedulers of patient's availability.
+ Simply enter date, time, and Incation of appointments, and the system does the rest.
+ Detailed analytics are provided for each call.

Helps medical centers save money and be more efficient.

+« Automated calls cost a fraction of the price of traditional calls.
« Automated calls reduce the burden for busy schedulers.
« Call analytics can be used to track a center's no-show rates.

View Demo Opportunities for Collaboration
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Announcement of the availability of HealthTalker, an automated system for
launching computer-generated telephone messages that recruit, schedule, and
remind patients for preventive health visits.

Many studies have shown that contacting patients by phone can increase the use of preventive health
services. However, the high labor cost of such efferts has limited their potential. To solve that problem,
we have just completed the development of a new system, HealthTalker, which can launch computer-
generated telephone calls to recruit patients, and help clerks schedule those appointments. Because the
HealthTalker system is completely automatic, it can accomplish for pennies what would cost dollars to be
accomplished by human callers. We are eager to find opportunities for testing the effectiveness of the
HealthTalker system, as well as for using it in increasing the utilizations of preventive health services.
Potential users and collaborators are encouraged to contact us at: michaelj@helix.mgh.harvard.edu.

The HealthTalker automatically calls each patient from a list of names and telephone numbers, engages
the patient in a personalized telephone conversation, and then provides the patient with the opportunity to
record a wave file as to when hefshe is available to make the preventive medical appointment. The
system then transfers the wave file to a web-form accessible to schedulers, on which they can schedule
the appointment. Because the HealthTalker system captures the date and time of each appointment, it
then launches a computer-generated telephone message confirming that the appeintment has been made,
and subsequently launches a reminder message when the date of the appointment arrives. The
HealthTalker system can launch messages in any language of interest, at any time desired. Since it
"knows" which patients have not agreed to make appointments, it can re-call those individuals, launching

In addition te providing the HealthTalker system, our group will create telephone messages of high sound
and voice quality, applying the lessons of persuasion psychology, copywriting, marketing, and advertising
to the creation of telephone scripts that are optimally effective in persuading individuals to make
appointments for preventive services.

The HealthTalker system offers the potential for increasing the use of a whole range of preventive
services, including cancer screening (mammography, colorectal cancer screening, and pap tests),
childhood and adult immunization, hypertension control, diabetes control, influenza immunization (in the
population as a whole, as well as among medical professionals), etc. The HealthTalker system should also
be effective in improving pay-for-performance goals and other measures of medical performance. We are
especially interested in crafting special messages, launched to special populations, for reducing disparities
in preventive health care.

Funded opportunities will take the highest priority, but funding is not a requirement. Projects that have a
high potential for extending life, and for providing research information, are especially encouraged. We
also welcome inquiries for implementing HealthTalker in a service capacity, where there is a specific goal,
such a pay-for-performance need.

To see the HealthTalker in action, go to videos at our website:
http:/ / healthtalker.hct.lifemath.net

(Click "View Dema" to watch the videos: then press "RECRUITING CALL" to see how a recruiting message
can be launched [you can watch either a short version of such a call, or an extended version of containing
a more elaborate recruitment conversation], and press "ENTERING APPOINTMENTS" to see how a
scheduling clerk can use this information to schedule an appointment.)

The HealthTalker Team: Eric Wei, Joseph Lust, Mitalee Patil, Manju Deivasigamani, James Michaelson.
Lab Website: http://vaw.lifemath.net
Email: michaelj@helix.mgh.harvard.edu M

HealthTalker Announcement CLOSE ¥




Cancer Math Group
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- Largest
27,000 patlents (in terms of total data)

27 million records! and most accurate

(in terms of follow up)
source of information on breast
cancer In the world



We have built similar databases
for melanoma and hematolgical
malignancies.
Databases for other cancers are In
preparation.



One Use of These Data

Part of our work concerns the development of
Improved mathematical methods for predicting the
risk of cancer death...

... and the application of these methods to the
development of practical web-calculators, which
can aid medical professionals in estimating the
risk of breast carcinoma death, and the impact of
various treatment options on that risk of death



Web-Based Calculators For Estimating
the Risk of Cancer Death
(and Other Features of Cancer Outcome),
and the Impact of Various Treatment Choices on that Risk

Breast Cancer Treatment Outcome Calculator

Breast Cancer Other Cancers About

Enter patient information: Mortality Risk
- ) Cancer Noncancer Overall
Factors affecting nen-cancer |ethality without Therapy ~ without Therapy " t Therapy
Age: IGG & Cancer Noncancer m 0_veral|
with Therapy with Therapy with Therapy
Factors affecting cancer lethalit
i.00
Tumor
Diameter |34 0.20
{mm): 0,80
= of O Unknown i}
Positive |3 '
Nodes: @KI‘IDWI‘I o,
| a.
a.
tat
e
Status; | Megative [v] o
vt B
Type: Ductal _
) a.
Grade: 3 - Poorly diff. [>] 001 2z 3 4 5 & 7 8 9 101112 13 14 15
Therapy aptions Year
Hormonal - Cancer Death Rate
therapy: amo=iren | 15-year Kaplan-Meier Cancer Death Rate: 48.10%0
Shome [ W] Imeactonufe Expectancy
therapy: . # A group of women of this age who did not have breast
Reduction Eancfr would have an average life expecancy of 19.1
in death: 0.22 years.
# In the absence of adjuvant therapy, cancer would cause
that lif ct v to be short d by 10.8
pdate Grap Irl:arslaverage ife expectancy to be shortene ¥
. . » The adjuvant therapy selected may be expected to
Click here to send guestions axtend that expectancy by 3.5 vears, or 1268 days.

comments, or suggestions.

—



http://www.cancer-math.net/

The Math Behind the
Calculators...

... Is Based on a
Mathematical
Consideration of the
Most Generally
Recognized Mechanism
of Cancer Death By the
Spread of Cancer Cells




et us define
P

as the probability of the
lethal spread of a breast

cancer cell from the

primary site to the
periphery, leading to
death

From this, we can
build an
expression that
relates the chance
that the patient
will die of the
cancer (L)
to the size of the
cancer (D)



The sSizeOnly Equation

| = 1-e@D

o

Chance S | 7e

of Death




The sSizeOnly Equation

L =1-e®P

The Q parameter
IS @ measure
of the probability
of the spread
of cancer cells




The sSizeOnly Equation

But does 1t work?
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| =1-eP

The sSizeOnly Equation Is expandable,
so as to Include information
on additional prognostic factors



The -Q parameter
IS @ measure
of the probability
of the spread
of cancer cells

~_
| = 1- e'Q(gl*gz*ga)D

The sSizeOnly Equation Is expandable,
so as to Include information
on additional prognostic factors



How much extra lethality Is

factors?

assoclated with other prognostic

g Parameters

1.4755

g Parameters Prognostic factors (#) SEER | Partners | Mel updated
Pr ic factors [#] SEER | Partners | Mel updated AGE - —
TERALITY Less than 40 (20886/1114/362) 1.0818 | 1.0186 1.262
Left (268885/5825) 1.0225 | 0.9885 %ggi%:smwrzso)z-?ss:.l :1.53:32 Mf?a
Right {249458/5523) 1022 | 1.0055 %QE:": :‘I :g:gfzjﬁg;‘; :3:2 13;:.:1: &
Bilateral {397) 1.845 IEEES it s e =
g Parameters [Zom7a (107475) 1.085%
RACE/ETHNICITY ErEuégJ::t;lE;turs {# SEER |[Partners | Mel updated m:zssa.—;m ) _ 1.1518 1.5465
Asizn {139/) 05195 el _ — — — 2 2pls (59412) 1.1818
Blog (358097553 T2 | 1071 Local recurrence (Taghign Powell [2101/217) T1E 1.8272
10228 0921 Local re noe {Parners — 181pts) 1.18 HISTOLOGY
10995 Mo local recurrence (2496) 0.203 Inflammatory (688/44) 2.244 1.3656
Asian Indian, Pakistani {1988+ [1135) 0.881 DuFgl snd lobular (30889/927) 0.9155 | 06851
Chinese (5575) 0.82E8 HERZ STATUS Ducigl (2E4695/8864/2396) 1.082 1.0405 1.0455
i 0.781 Neg (668) 0.2882 Lchular (38427/T95317) 10087 | 08378 | 0.7252
0.9373 Pos (221) 1.515 Adeng /Adenoma (T3} 1.825
0.8575 Mot stated {1822) Atypical Medullgry Cardnoma (58) 0.892
Kampuchean {1988+) [(93) 1.1009 Carcinoma/Epithelial Turnor (70) 1.235
Horean (1358+) (1253) 0538 METHOD OF DETECTION ‘epmedemicinens (56) 1.102
Vietnamese [1868+) (383) 07775 Nonesl (856) 0842 IMudneus Adenocarcinoma’Adenoma (164) 0.7815
Eslg. (2012) 1.0254 Idudnews agenecardnems (12685) 04331
HORMONAL THERAPY Mudn-predudng agenoersinoma (672) 0.8785
No (8160) 9985 i Faget disease [2708/52) 117 | 1.0205
= (3110) bulsr Adsnomerinomais F20122) 28 2402
es (3110) 1.008 N (1891) e EIET: Tubuls denoma (72200122) 0.284 | 0.12402
ez (504) 1.1928 1.42
RADIATION THERAPY ER
No (6020) 1.025 Negative [66945/1346/520] 05525 | 1.149 13145
Yes (5250) 0322 STAGE Faositive (239988/560151449) 0.7845 | 0.798 | 0.8845
1(1249) 07578
CHEMOTHERAPY 2 (1153) 1128 -
Me (7586} 0.9375 3 {237} 0.9726 Negative [97368/1458/712) 095 | 1557 E
Va5 (3654) 1.185 410} 2957 Positive (199967/4154/1233) 0.782 | DE7HE EE
Distant Metastasis (285) 822
TYPE OF SURGERY Localized (5711} 0.5305
Breast Conserving (6009) 0.29 Regional {2063) 1.181 FAMILY H¥
Mastectomy (4582 0.955 No [2082) 0.882
None (433) 22535 SEX 'fes (4017) 0.7825
Male (3513:83) 1.2462 | 1.204
HORMONAL STATUSTUMOR BIOLOGY GRADE
ER-/PR- (3921431} 1.282 1218 1- Well differentisted (64600/1420/636) 0.4585 | 02725 | 02205
Basal like (ER-/PR-Hgr2-) (98) 07205 2 -Moderstely differentiated (148413/3426/524) | 0.868 | 08563 1.084
r PR+ Herd 2.148 3 -Poorly differentisted {133189,/2946/350) 1122 | 1.0825 1.142
o975
: ikl 0575 Undifferentisted [11607/25) 1.2035 | 238




The SNF (SiretNodestPrognosticMarkers) Method for Estimating the Risk of Cancer

Death from Information on Tumor Size, Nodal Status, and Other Prognostic Factors

LovemH Lpn’mary + Lnodes (I’primary * Lnode.s)
eg. ()
Source of Adethod Independent
Lethality of Estimation Variablz Parameicrs Iterpreintion
For
Breast Camcer:
0= 0.0062
The iet.&af Z=134 The lathal
coniribuion = ratg=D. 66 1f | contribution of
from cancer v Tumar nodal statuz iz | the privary
.ﬂrme , Limary = 1 — 18’51 B 1 D Thickness kenown | racss increases
primaly sie [geniny] Jnadm =1 ifnodal | graduatly with
status is unknown | oy size,
&g (1d) ) and tha
For Melanoma: amount of that
D=10.1428 1othal
. =DZ EEIDI Sigf contribution is
drade, =080 Ly omiad by
nodal status is prognostic
- iﬁz‘;ﬁ Jactors, as
status is undnown | I?;jd by
&=1.206 if male
= ) £ parvamerers
2 D.?:gf:;rgr;al; n Eguation Id
uwlcerated
2=0.887 if not
ulcerated
go=1 if ulceration
unknown
The presence
The lethal o M= For af each
rcantrihution Lnodsj =]1-g (B *R) The Braast Cemeer: positive lymph
from cancer @ PMutnber of F= 00808 node
in the Bmph & Pusitrre contributes
nades Nodes For approximately
Melanorma: "R entra
R=072153 chemece of
decth

The SNP (SizetNadest PrognosticMerkers) method reduces to:

+ the SizetNeades method, when only size and nodal status are known.
+ the SizeOnly method, when only size is known.

Breast Cancer Treatment Outcome Calculator

Breast Cancer Other Cancers About

Enter patient information: Mortality Risk

- ) Cancer Noncancer Overall
Factors affecting non-cancer lethality without Therapy — withaut Therapy - t Therapy
Age: IGG & Cancer Noncancer m 0_veral|
with Therapy with Therapy with Therapy
Factors affecting cancer |sthality
i.00
Tumaor
Diametar |34 0.90
{mm): 080
# of
Unk .
Positive O nienavm |3— o
Nodes: @KI‘IDWI‘I o,
1 a.
a.
tat
Histological | o,
Typa: _Du:tal _
3 a.
Grade: 3 - Poarly diff. [v] 001 2 3 4 5 & 7 8 91011 1213 14 15

Therapy aptions Year

Hormonal - Cancer Death Rate
therapy: amo=iren | 15-year Kaplan-Meier Cancer Death Rate: 48.10%0
Shemo [jape 4] Imeactonife Expectaney
therapy: s # A group of women of this age who did not have breast
Reduction Eancfr would have an average life expecancy of 19.1
in death: 0.22 years.
# In the absence of adjuvant therapy, cancer would cause
pdate Grap that awverage life expectancy to be shortened by 10.8

years.
. . » The adjuvant therapy selected may be expected to
Click here to send guestiens extend that expectancy by 2.5 years, or 1268 days.

comments, or suggestions.

—



L (predicted)

How Accurate Is It?
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L (predicted)

How Accurate Is It?
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How Accurate Is It?

Grouped by number of positive lvmph nodes

Difference

Group N L empirical (SEM) L predicted (SEM) ¢ 1 )
o 263544 15.00% [0.12%) 13.24% (0.02%) -1.75%
1 44002 26.21% (0.42%) 29,92% (0.04%) -3.80%
2 21367 32.06% (0.50%) 20.46% (0.06%) -2.60%
3 12319 30.05% (0.80%) 25.86% (0.07%) -3.10%
4 7034 43.40% (0.08%) 41.17%  (0.08%) -2.03%
5 5600 48.28% (1.17%) 45.00% (0.00%) -2.20%
[ 4206 51.63% (1.38%) 50.11% (0.00%) -1.51%
7 3330 55.99% (1.53%) 54.25% (0.10%) -1.74%

Mean (std. dev.) -2.41% (0.81%)

Mean weighted by N (std. dev.) -2.13% (3.47%)

Root Mean Square (std.dev.) 2.53% (2.09%)

Root Mean Square weighted by N (std. dev.) 3.88% (6.01%)

60% -
v =0.946X
50% - R2=0.901

40%

30%

L (predicted)

20%

10%
Error bars represent g5% Cls

0%
0% 10% 20% 30% 40% 50% 60%

L {(empirical)



How Accurate Is It?

Grouped by tumor grade

Group? N L empirical (SEM) L predicted (SEM) Difference
grade 1 51159 6.84% (0.27%) 6.74% (0.03%) -0.11%
grade 2 114415 16.10% (0.27%) 15.77% (0.03%) -0.33%
grade 3 95092 24.61% (0.27%) 24.70% (0.04%) 0.10%

Mean (std. dev.) -0.08% (0.26%)
Mean weighted by N (std. dev.) -0.10% (0.32%)
Root Mean Sguare (std.dev.)  0.23% (0.22%)
Root Mean Square weighted by N (std. dev.)  0.28% (0.31%)
terade 4 alzoexistz in the dataset, butiznot included in the calculation of the mean or displayed on graph; grade 4no

longerexists
30% -
v =0.008x
R2=0.999
—~ 20%
=]
]
2
-
I
—
o
p—
—  10%
Error bars represent g5% Cls
0%
0% 10% 20% 30%

L (empirical)



How Accurate Is It?

Grouped by estrogen and progesterone receptor status

Group N L empirical (SEM) L predicted (SEM) Difference
ER+/PR+ 151742 14.68% (0.43%) 14.49% (0.03%) -0.10%
ER+/PR- 28880 18.51% (0.87%) 18.10% (0.08%) -0.41%
ER-/PR+ 5519 18.16% (0.81%) 19.44% (0.17%) 1.27%
ER-/PRE- 44672 22.25% (0.48%) 24.17% (0.06%) 1.02%

Mean (std. dev.) 0.65% (1.12%)

Mean weighted by N (std.dev.) 0.23% (0.88%)

Root Mean Square (std.dev.)  1.17% (1.30%)

Root Mean Square weighted by N (std. dev.) 0.70% (1.03%)

30% -
v = 1.040x%
R2=0.931
— 20%
=]
z
2
-
D
-
o,
L
~ 10%
Error bars represent g5% Cls
0%
0% 10% 20% 309‘6

L (empirical)



How Accurate Is It?

Grouped by histological type

Group N L empirical (SEM) L predicted (SEM) (D‘fff‘;ence:
Ductal 264602 20.51% [0.13%) 18.06% [0.02%) -1.56%
Lobular 25117 10.13% (0.40%) 16.84% (0.07%) -2.20%
Intraductal+
et 23449 16.90% (0.64%)  15.44% (0.07%) -1.45%
Mucinous 9374 9.390% (0.56%) 7.00% (0.06%) -2.39%
Medullary 5675 15.21% (0.57%) 16.23% (0.12%) 1.129%
Tubular 4002 32.46% (0.55%) 2.50% (0.06%) -0.06%
Comedo 4184 18.48% (0.72%) 18.07% (0.18%) -0.41%
Scirthous 1577 23.26% (L42%) 21.79% (0.35%) -1.48%
Inflammatory 7 63.85% (7.74%) 62.45% (1.419%) -1.40%
Jogete 1266 20.51% (1.83%)  20.61% (0.44%) 0.10%
Papillary 1901 11.02% (1.16%) 10.18% (0.18%) -1.75%
Cribriformm 7o 16.41% (6.88%) 10.74%  (0.22%) -5.67%
Mean (std. dev.) -1.51% (1.65%)
Mean weighted by IV (std. dev.) -1.56% (4.10%)
Root Mean Sguare (std. dev.) 2.48% (2.97%)
Root Mean Square weighted by N (std. dev.) 4.23% (7.75%)
Bo%
T0% ¥ = 0.955%
R2 =0.985
60% | ' >
% 50%
-
=
"sls_l 40%
=
: 30% -
20%
10% Error bars represent 95% CIs
0%
o% 10% 20% [0% 40% 50% 60% F0% Bo%

L (empirical)



How Accurate Is It?

Permutgfions of number of positive lymph nodes and estrogen/progesterone receptor status
ifference

Groupt (pred —
ER/PR N Lempirical (SEM) L predicted (SEM)
Nodes status
[5] EF+/FE+ 100881 0.74% [0.5176) 2.23% [o0.02%) -0.507%
i ER+/PE+ 20080 10.56% (100%) 18.06% (0.05%) -0.60%
2 ER+/PR+ gbs7 26,18% (1.81%) 2649% (0.07%) 0.01%
3 ER+/PR+ 5446  31.56% (2.42%) 32.77% (0.08%) 1.21%
4 ER+/PR+ 3300 33.45% (2.18%) 38.22 (o.10%) 4.76%
5 ER+/PR+ 2360  40.57% (3.47%) 43.25% (0.11%) 2.67%
] ER+/PR+ 1742  41.08% (3.05%) 47.07% (0.13%) 6.50%
7 ER+/PR+ 1318  5o.g2% (4.15%) 52a0% (0.14%) 1.18%
o ER+/PR- 20228 13135% (107%) 12.43% (0.06%) -0.72%
1 ER+/PE- 3004 24.56% (2.84%) 23.11% (0.14%) -1.45%
2 1817 28.70% (2.28%) 30.68% (0.10%) 1.80%
3 i040  33.00% (3.04%) 37.46% (o0.25%) 3.50%
o 3754  11.o7% (0.80%) 13.74% (0.14%) 1.77%
1 749 25.02% (2.70%) 23.20% (0.31%) -2,72%
2 400 30.07% (3.34%) 30.01% (0.40%) -0.07%
3 207 31.74% (4.22%) 35.49% (0.56%) 3.75%
4 146 37.27% (4.87%) 40.05% (0.57%) 3.68%
o 30538  15.62% (o0.53%) 18.60% (0.00%) 3.07%
1 f11g  30.28% (1.82%) 28.07% (0.12%) -2.21%
2 2050 35.07% (1.83%) 34.49% (0.16%) -0.58%
3 1781 42.41% (2.45%) 4o0.60% (0.20%) -1.81%
4 i1g5 47.14% (2.82%) 45.20% (0.22%) -1.23%
5 843 51.27% (4.40%) 49.08% (o0.25%) -2.19%
6 703 40.87% (2.73%) 52.65% (0.24%) 2.78%
7 534 52.53% (3.24%) 57.16% (0.27%) 4.64%
=}
70% -
¥ =1.032X
60% - R2= 0.063 P
|
50%
—
=
% 40%
=
5]
Z. 30%
—
—
20%
10%
Error bars represent 5% Cls
0% I !

o% 10% 20% 30% 40% s50% 60% To%
L (empirical)



On The Other Hand,
Adjuvant!Online 1s Quite Inaccurate

60%

y=1569x
50% R%=0.779
)
40% 1

P\
4
ya

L (predicted)
3
o
R

o S
X X
\#H\q.

Error bars represent 95% Cls
0%
0% 10% 20% 30% 40% 50% 60%
L (empirical)



L (predicted)

80%
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50%
40%
30%
20%
10%

0%

And, Adjuvant!Online
Does a Poor Job of Stratifying

80%
70%
60%
50%
40%

30%

L (predicted)

20%

] Errorbars represent g5% CIs 10%

T T T T 1 0%
0% 10% 20% 30% 40% 50% 60% 70% 80% 90%

L (empirical)

Adjuvant!Online,

i y=0935%
RZ2=0942

Error bars represent 95% Cls

0% 10% 20% 30% 40% 50% 60% 70% 80%
L (empirical)

SNP Method,

Patients Sorted By Size and Number of Positive Nodes Patients Sorted By Size and Number of Positive Nodes



This Mathematical Framework Can Answer Many
Practical Questions About Cancer




This Mathematical Framework Can Answer Many
Practical Questions About Cancer

What i1s the Chance That a Patient Wil
Have Cancer in the Nodes?

Tumor size and cancer in the nodes
(the NodaiSizeOnly equation)

— - N qDZ
Lto—fn.odes =1—e€ @Nodes

where f-f.._n...{,-_.. on of patients with cancer in the nodes, and is the tumor ¢ 1)

Fraction of Patients
MNode Posti
[ ]
om
as
2
3
[ ]

Tumeor Size (mm)



This Mathematical Framework Can Answer Many
Practical Questions About Cancer

How Often Should Women Go For

Mammograms?
Country Screening
Recommendation
United States Every year from age
40
Canada, Australia, Every second year
Europe
United Kingdom every three years from
age 50




This Mathematical Framework Can Answer Many
Practical Questions About Cancer

How Often Should Women Go For
Mammograms?

50 S
eeeeeeeeeeee
N 40 E Mammagraphy
Simulation of Ez 7 _ W
Breast Cancer 52 201 e % St
E 1 | Dstectableny | || A| | Detectable
GI’OWth [ 10 é Mamjoﬁr \\\\\\\\\\\\\
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e ] A
=z ﬁ R I A
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This Mathematical Framework Can Answer Many
Practical Questions About Cancer

How Often Should Women Go For
Mammograms?

The Consequences of Various Life-Long Screening Breast Cancer
as Determined by Computer Simulation Analysis
Reduction | Survivors Average Program Screening Costs
in Br Ca Screening Costs (screening dollars
SCREENING INTERVAL (MONTHS) death (in dollars per woman per year
(un-age- per cancer free averaged over the
age | age | age | age | age | age | age | structure- years of life saved) whole USA population
20 30 40 50 60 70 80 adjusted) (USA population) of women over age 20)
UK none | none | none | 36 36 | none | none 12% 68.9% $1,353 $4
MGH-actual none | none | none | 17 17 17 17 56% 84.6% $1,707 $14
ACS none | none | 12 12 12 12 12 66% 88.1% $2,978 $30
12 months 40-70 none | none | 12 12 12 12 | none 33% 76.4% $3,489 $24
NCI none | none | none 12 12 12 12 60% 85.9% $2,225 $19
12 months 50-70 none | none | none | 12 12 | none | none 25% 73.7% $2,473 $13
2 COUNTY none | none | 24 33 33 33 | none 29% 75.0% $1,916 $11
6 month from 40 none | none 6 6 6 6 6 1% 89.8% $5,415 $59
6 month from 30 none 6 6 6 6 6 6 74% 90.7% $8,948 $82




This Mathematical Framework Can Answer Many
Practical Questions About Cancer

Should we Screen for Melanoma,
and If so, How?

25%

£20%

5%
0%

o
515%
m©

£10%

Male Population: Death Fraction as a Function of

_ Death Rate in
Screening Interval / the Absence of
Screening

//

0 365 730 1 5 1460 1825 2190 2555 2920 3285 3650
ing Interval (days)

Regular screening should result in a enormous
reduction in the melanoma death rate!




This Mathematical Framework Can Answer Many
Practical Questions About Cancer

We have used this framework to...

...design systems that optimize patient scheduling, tracking,
and reminding, so as to achieve the maximal reduction in
cancer death with the resources available:
* ONGOING:
«Komen Mammaography Reminder Project
sLawrence Health Center Cancer Screening
Messaging Project
* NEXT:
*Colo-Rectal Cancer Screening Reminder Project
*Breast Cancer Tracking System Project
«Skin Cancer Screening Project.

Applying Systems Engineering to the Management of Cancer -



This Mathematical Framework Can Answer Many
Practical Questions About Cancer

We have used this framework to...

... analyze the Nature of the Events of Spread that Underlie
Metastasis

Br J Cancer. 2005 Nov 28;93(11):1244-9. Links
Spread of human cancer cells occurs with probabilities indicative of a nongenetic mechanism.Michaelson JS, Cheongsiatmoy
JA, Dewey F, Silverstein MJ, Sgroi D, Smith B, Tanabe KK.
Department of Pathology, Massachusetts General Hospital, Boston, MA 02114, USA. michaelj@helix.mgh.harvard.edu

There has been much uncertainty as to whether metastasis requires mutation at the time of spread. Here, we use clinical data
to calculate the probability of the spread of melanoma and breast cancer cells. These calculations reveal that the probability
of the spread of cancer cells is relatively high for small tumours (approximately 1 event of spread for every 500 cells for
melanomas of 0.1 mm) and declines as tumours increase in size (approximately 1 event of spread for every 10(8) cells for
melanomas of 12 mm). The probability of spread of breast cancer cells from the lymph nodes to the periphery is
approximately 1 event of spread for every 10(8) cells in the nodal masses, which have a mean diameter of 5 mm, while the
probability of spread of cancer cells from the breast to the periphery when the primary masses are 5 mm is also
approximately 1 event of spread for every 10(8) cells. Thus, the occurrence of an event of spread from the breast to the lymph
nodes appears not to increase the propensity of the progeny of those cells to spread from the lymph nodes to the periphery.
These values indicate that the spread of human breast cancer and melanoma cells is unlikely to occur by a mechanism
requiring mutation at the time of spread.




This Mathematical Framework Can Answer Many
Practical Questions About Cancer

We have used this framework to...

...indentify The Causes of the Reductions in Cancer Death
Rates that Have Occurred Over the Past Decades

The Impact of Breast Cancer Screening Practices on Smvival over Three Decades: A Proposal for
Improvimg Survival

Amandas Wheeler, MD, Barbara L. Smith, MD, PhD, .... Fames Michaelson PhD

Introduction:
While breast carcinoma (BrCa) lethality has declined over the past three decades, the relative contributions of
and adjuvant therapy have been uncertain. A recently developed mathematical method, the SizeOnly
it possible to determine the impact of Wumor size on the risk of cancer death, and this the impact
BrCa death rarte.

Methods:
Data were derived from a modified SEER dataset of 402,240 BrCa patients from and a “LOCAL” dataset of
22.901 pariems from a consortium of vamiary care hospials,

Results:

When examined by vear of death, the BrCa death rate has declined steadily sinee the early 10003, When examined
by vear of detaction. the BrCa case fatality rate has daclinad from 44% in 1974 to 29% in 1991, remaining stabla
since 1991 (SEER & LOCAL datasets). The average umor diameter declined from 30 mm in the 1970s to 22 mm

receiving adjuvant chemother 5
since 1991 (SEER). § dicate that reduction in BrCa size can account for
reduction in the case fl past 3 decades. Similarly, $0% of the reduction in the ca:
oceurred before 1987 when few patients (12%6) received adjuvant therapy (SEER). Among v few women
{1-in-20) who consistently attend anninal sc 1.9 mm (LOCAL), roughly half the
size (and, by the SizeGnly equation, half the lethality) of both the cancers in the population as & whole (SEER)
and the cancers in the women who utilize screening intermittently (LOCAL].

Conclusions:

Despite its widespread underutilization, screening mar
reduction in BrCa lethality over the past three decades, with adjuvam chemotherapyhormone therapy making a
smaller contribution, Ifutilized 1o its full extent, mammographic screening has the fusther potential for cutting the
BrCa death rate in half.

mography bas been the principal mechanism for the




This Mathematical Framework Can Answer Many
Practical Questions About Cancer

We have used this framework to...

.. . tease out and Quantify the Contributions of Gene
Expression Array Patterns to Cancer Lethality




This Mathematical Framework Can Answer Many
Practical Questions About Cancer

We have used this framework to...

... tease out and Quantify the Contributions of Local
Recurrence and Second Cancers to Cancer Lethality




This Mathematical Framework Can Answer Many
Practical Questions About Cancer

We have used this framework to...

... Model The Spread of Cancer in the Nodes, and From the
Nodes, so as to Provide Physicians with better Tools For
Estimating the Chance of Nodal Metastasis, and to Quantify
It’s Lethal Consequence.




This Mathematical Framework Can Answer Many
Practical Questions About Cancer

We have used this framework to...

o...Understand the Time Course of Metastatic Disease, the
Tumor Dormancy Period, and the Cancer Hazard Function.
&

»...Model Chemotherapy, so as to Indentify the Dosages and
Schedules for Achieving the Greatest Possible Extension (or
Extinction) of Metastatic Disease




et’s Return to Our Calculators

Breast Cancer Treatment Outcome Calculator

Breast Cancer Other Cancers About

Enter patient information: Mortality Risk

. . Cancer Noncancer 1]
Factors affecting nen-cancer |ethality without Therapy — without Therapy i t Therapy
Age: |ss ’Canwr Moncancer Ovel'a_ Il

with Therapy with Therapy with Therapy
Factors affecting cancer |sthality
i.00
Tumaor
Diametar |34 0.90
{mm): o.E0
# of
Unk: .

Positive O rrenevn |3— n.o
Nodes: @ Knovm 0,60

ER Status: | Positive |¥| 0.50

1 0.40
HERZ N 1
Status; | Megative [v] 0.20
Histological |
Typa: __Ductal |

oo

Grade: 2 - Poorly diff. |

Therapy aptions Year

Hormonal " Cancer Death Rate
Tamoxifen
therapy:

| 15-year Kaplan-Meier Cancer Death Rate: 48,104

s mpscs onute ey
therapy:

# A group of women of this age who did not have breast
cancer would have an average life expecancy of 10.1

0.10

o1 2 3 4 5 & 7 &8 9 1011 12 13 14 15

Reduction

in death: 0.22 years.
' # In the absence of adjuvant therapy, cancer would cause
"_Im;te_éﬁh_‘ that awverage life expectancy to be shortened by 10.8

years.
. . » The adjuvant therapy selected may be expected to
Click here to send uestions extend that expectancy by 3.5 years, or 1268 days.

comments, or suggestions.
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We Provide a Lot of Information

Math Behind the Calculators

HOME Breast Cancer Other Cancers About

Back to Table of Contents
Core math

The core concepts can be seen in a few expressions. Let us define LJ as the fraction of
patients who display a manifestation of the spread of cancer cells (such as cancer death) and
Pr ag the probability, per cell in the mass from which the event of spread occurs, of an event
of spread leading to the manifestation. Since Pr is the probability of a single successful event

of lethal spread, the probability, per cell, that there will not be an event of spread is (1 - ,(J,)
and the overall probability that a tumor of /N cells will not give rise to one or more lethal
metastases will be (1 — p:)"\' . Thus, for a population of patients, all with tumors of identical

size the fraction of patients who have not had an event of spread, 1-— L_,_., will be:

W 1L, =(1—p)"
For small values of Pr:

@ 1—L,=¢"r:

or:

Equation £3 provides a way to estimate the value of Pr from information on the fraction of
patients with a manifestation of spread, Ly, for a group of patients with tumors of size V.

Using EquationZ#3, we have found, for both lethal and non-lethal spread of breast carcinoma
and melanoma, that the value of Pr declines gradually as tumors increase in size, /N, and
indeed can be closely fit by a power function:

(4) pp. = aN?

where @ is characteristic of each malignancy, and b= _Tﬁ

It follows that relationship between the fraction of all patients of patients with a manifestation of
spread (such as the fraction of patients dying of cancer), [., and tumor size, [J, leads to an
expression that we have called the SizeOnly Equation:

() L=1— 90"

Back to Table of Contents

\—

Laboratorv for Quantitative Medicine Copyright © zoo7-of James Michaelson, PhD
Leeal Dicclaimer (read before using site




We Provide a Lot of Information

Technical Reports

HOME Breast Cancer Other Cancers About

Tachnical Report #1 - Mathamatical Mathods (March 9, 2008)
Tachnical Report #2 - Equation Parameters (June 20, 2008)
Tachnical Report #3 - Validation: SizeOnly Equation (June 24, 2008)

Technical Report #4 - Validation: Size+Nodes Equation (June 26, 2008)

Technical Report #5 - Equation (July 3, 2008)

Tachnical Report #6 - Comparisons vith AdjuvantOnline (July 7, 2008)

Laboratory for Quantitative Medicine Copyright € 2007-0f James Michaelson, PhD
Lezal Disclaimer (read before usine site)




We Provide a Lot of Information

Technical Reports

HOME

Breast Cancer

Other Cancers

About

Technical Report #1 - Mathematical Method:

arch 9, 2008)

Technical Report #2 - Equation Parameters (June 20, 2008}

Tachnical Report #3 - Validation: Siz=Only Equation (June 24, 2008)

Technical Report

- Validation: Size+Nodes Equation (June 26, 2008)

Technical Report #

Tachnical Report #

ctors Equation (July 3, 2008)

vith AdjuvantOnline (July 7, 2008)

)

60.5% =

The Center for Quantitative Medicine
Technical Report #1
March 8, 2008

The Statistical-Mechanical
Model of Cancer Metastasis

A mathematical framework for predicting
the risk of cancer death and other
manifestations of the spread of cancer cells,
for isolating the impact of primary tumor
size, nodal status, and other prognostic
factors on the risk of death, and for
measuring the probabilities of the spread of
cancer cells

James S Michaelson PhD'**

Correspondence to James S. Michaslson PR.D., Division of Surgieal Oncology, Cox Building Roor 626,
Massackusars Ganeral Hospital, 100 Blossom Strest, Boston, Massachusarts, 02114

TEL 5175010590  FAX 617724 3895

Email: pichaalahelix meh barvard edr,

‘How we measure cancer letuality

Karrison and callesgues® had found that lirde lethality occars 15-years after diagnosis, and we
‘have found a similar bazard function for melanoms (see hifp-/www. cancer-math.net’). Thus, we have
‘relied upon the 15-year cancer-specific Kaplan Meier death rate 25 our messurements of the cancer death
ate (1),

M
or ‘with previous publications, Equations #1-#4 are mumbered in agreement with
mfmmsamls and thus will sppear out of order when presented below.

Let us define L, as the fraction of patients who display a manifestarion of the spread of cancer
Cells: L e WElI De the EACTON Of DAENTS With CaLCer I the 1YTph 10deS, L e, Will De the Fraction of
‘mode negative parients dving of cancer and L will be the fraction of all patients who die of cancer. For
‘reasons cutlined abOve, Lyrumy and L are defied in terms of the 15-year cancer-specific Kapla Meier
death rare.

Let us examine macroscopic fearure of cancer - tumor size, nodal stams, and cancer survival - in
terms of the underlying microscopic spread of cancer cells, occuring with a defivable probability of
spread pe call . Ths p shall be defioed 25 the probabiliy o s siagle succesfl even of spred for
each of the N' e 15 12 probability of a
smgesms;mlmufmmmmsﬁmmn.ﬁmymxm.mqm. (thus
cormesponding 10 L s While Dpie, is the probability of a single successful lethal event of spread o
pemphary fo sech of e N cell n 4 primary rumor i ode negat atent (comesy 1 Lyieeg)
each of the N cells i
smqmmmpmmmwmmmssurmm (u:rmspnnlhngml) Letus

Tethal a lymph node
p_,_._‘umzmhlh]mnfnnm-luhﬂmniwdﬁmlymphmmlymphm
framed

“For further discussion, see hup:
Since p, is the probbility of a single successil event of lethal spread, the probabiliy, per cell
that there will not be an event of spread is (1-p) and the wmnmhammym.mmmnfv(mswm
‘mot give rise fo oae of more ‘metastases will be (12", Thus, for & population of patiets, all with
‘mmors of identical size the fraction of patients who have not had an even of spread, 1- I.mllln
1-L=0-p)" ©
For small values of p,.
1-L=¢™ ©

=—m(1-L)}N o]

Eqation #7 provide & way to estmate the vlne of p, fro mformation on (e facion of
‘patients with s manifestation of spresd, L, for 2 group of patients with rumors of

The number of cells, ¥, :mb:smnmdhymmngaﬂmﬂlynfs(mnﬂs’m’)mdfphmul
geomenry, ie:

o
neary 2 @

A plausible vahe for 5, 3t 10° cellsice™ %,

Using Equation #7, we have found™”, for both lethal snd non-lethal spread of bresst carcinoma
and melanoma, that the value of p declines gradually s fumors increase in size, N, and indeed can be
closely fitby a power finction:

p=al* ©

‘where b=2/3.
‘The characterizations of the mdaf:m:ucausmmmsumemummyn!mdpu cellin
the mass of cancer from which the mamstasis whan the spread of cancer cells



The Calculators Are Thoroughly Explained

Breast Cancer Treatment Outcome Calculator

HOME Breast Cancer Other Cancers About

Enter patient information: Mortality Risk

) ) Cancer Neneancer Overall
Factors affecting non-cancer lethality without Therapy — without Therapy - tTH py
Age: |s7 ‘Canwr Noncancer Overall

with Therapy with Therapy with Therapy

Factors affecting cancer |ethality

1.00
Tumor
Diameter |34 0.sa
{mm): o.80
= of ® Unknovm 0,70
Positive I '
MNodes: OKnown 0.60

ER Status: | Positive |¥| 0.50
i a.40
PR Status: |

LERZ ) 0,30
Status: - 0.z0
v
Type: Unknown . oo
Grade: . 01 2 % 4 5 & 7 8 9 1011 12 13 14 15
Therapy options Year
Hormenal Cancer Death Rate
therapy: 13-year Kaplan-Meier Cancer Death Rate: 38.7%
Chema- Impact on Life Expectancy
therapy: * A group of women of this age who did not have breast
Reduction Eancfr would have an zverage life expectancy of 18.4
in death: 0.32 years.
* In the absence of adjuvant therapy, cancer would cause
Pl:l'p—d;te—é?ph—\ that average life expectancy to be shortened by 8.2

years.

i . #+ The adjuvant therapy selected may be expected to
Click here to send uestions extend that expectancy by 2.7 vears, or 970 days.
comments, or suggestions.

Laboratory for Quantitative Medicine Copyright € zoo7-08 James Michaelson, PhD
Lesal Disclaimer (read before using site
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Breast Cancer Treatment Outcome Calculator

HOME Breast Cancer

Enter patient information:

Factors affecting non-cancer lethality

.

Age:

Factors affecting cancer |ethality

Tumor
Diameter |34
{mm):

# of
Positive @Unl—cnovm I—

Nodes: O known
PR Status:

State

Status:  Unknown[v]

el @! [unknon  [v]
L

Type: Unknown .

Srade:  [Unknown [¥]

Therapy options

Hormonal

therapy:

Chemo-

therapy:

Reduction

in death: 0.32

P —
Update Graph

Click here to send guestions,
comments, or suggestions.
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0.z0
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Other Cancers About

Mortality Risk

Cancer MNoneancer Overall

without Therapy ~— without Therapy i t Therapy
& Cancer Noncancer Overall

with Therapy with Therapy with Therapy

o1 2 =2 4 5 & 7 8 91011121214 135

Year

Cancer Death Rate
13-year Kaplan-Meier Cancer Death Rate: 38.7%

Impact on Life Expectancy

* A group of women of this age who did not have breast
cancer would have an average life expectancy of 18.4
yEears.

* In the absence of adjuvant therapy, cancer would cause
that average life expectancy to be shortened by 8.2
years.

#+ The adjuvant therapy selected may be expected to
extend that expectancy by 2.7 vears, or 970 days.
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Breast Cancer Treatment Outcome Calculator

HOME Breast Cancer Other Cancers About

Enter patient information: Maortality Risk

) ) Cancer Noncancer Overall
Factors affacting non-cancar |sthality without Therapy — without Therapy - tTH py
Age: |57 ‘mer Noncancer Overall

with Therapy with Therapy with Therapy

Factors affecting cancer |ethality

1.00
Tumaor
Diameter |34 0.30
(mm): 0.80
= of @ Unknown 0,70
Positive I '
Nodes: O Known 0.60

ER Status: | Positive || 0.50

0,20
HERZ

a

Status: | Unknovn [v] 0.20
feoes ! [unknown  [w] 020
0.0
Grade: . 01 2 3 4 5 & 7 8 9 1011 1213 14 15
rtional risk reduction Therapy options Year
dj .I'I'I'III'III"I-IQ the effects therapy: | Jamoxitan 15-year Kaplan-Meier Cancer Death Rate: 38.7%
adjuvant therapy. NOTI MNone
have adopted the same Chemao- Tamoxifen ] Impact on Life Expectancy
reduction in death values therapy: Aromatase Inhib. + A group of women of this age who did not have breast
tha.t\-.»zr-z Ed_' ted by Reduction Tam. to AL cancer would have an average life expectancy of 18.4
AdjuvantOnlines in death: Cwarian Abl. years.
! Cwvarian Abl.=Tam. + In the absence of adjuvant therapy, cancer would cause

"—I:I'Elste_éﬁh_‘ f:laatr_average life expectancy to be shortened by 8.3
years.

. _ # The adjuvant therapy selected may be expected to
Click here to send uestions extend that expectancy by 2.7 years, or 070 days.
comments, or suggestions.
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Breast Cancer Outcome Calculator

HOME Breast Cancer Other Cancers About

Mortality Risk
4 cancer Noncancer [l Overall

Enter patient information:

Factors affecting non-cancer lethality

Age: IJ"Z" 1.00
ffacti lethali o
Factors affecting cancer lethality 080
Tumor
0,70
Diameter |23
(mm): el
0.50
# of OUnI-cnown
Positive Ij_ 0.40
Nodes: @Knovm 0,30
ER Status: | Positive |¥| o.zn
) 0,10

PR Status: |Positive |¥] 0.00
Statu
Status: Negative - ear
Histologi:al Concer Death Rate
Ductal .v
Type: beta 4 15-year Kaplan-Meier Cancer Death Rate: 19.80%0

o1 2 32 4 5 & 7 8 9101112131413

Grade: | 2 - Moderately diff. M Impact on Life Expectancy
+ & group of women of this age who did not have breast
Y e e —1 .
Update Graph cancer would have an average life expectancy of 11.4
years.
Click here to send questions, * Cancer would cause that average life expectancy to be

comments, or suggestions. shortened by 2 years.
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Breast Cancer Conditional Outcome Calculator

Breast Cancer Other Cancers About

Enter patient information: Mortality Risk

Factors affecting non-cancer lethality .me Noncancer .m“

7

ons at the Aget 1.00
— e e A e = Factors affecting cancer lathality 0,20
CLrrent tr .
- Years g.20
number of Since n
. . Diagnosis: 0.70
jl O 0,&0
Evidence of Unknown
recuUrrence: @ 0,50
No
T 0,40
umor
” i - . — Ciameter |43 0,20
during ; (mm): -
1_- - 0,20
fime the patie # of o
Positive O unkneum |3 0.10
l.:::_ (L [ - = Nodes: @Known 0.00
rec o ER Status: |Positive |v| 001 2 3 4 5 & 7 8 9 101112 13 14 15
o 1 “rear
_. Cancer Death Rate
HER2 — | 15-year Kaplan-Meier Cancer Death Rate: 4806
Gtatus:  LPositive [w]

) _ Impact on Life Expectancy
Histological |D|.||:ta| * A group of women of this age who did not have breast
Type: cancer would have an average life expectancy of 14

- yaars.
Grade: |2 - Moderataly diff. s Cancer would cause that average life expectancy to be

shortened by 4.1 years.
Update Graph

Click here to send guestions,
comments, or suggestions.
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Breast Cancer Treatment OQutcome Calculator

HOME Breast Cancer Other Canc

Intormat o
2 Enter patient information: Mortality Risk
Focti lathali Cancer Moncancer Dmlll
Factors affecting non-cancer lethality ithout Therapy ithout Therapy = t Therapy
Age: Is? ’ Cancer Moncancer Overall
with Therapy with Therapy with Therapy
Factars affecting cancer lethality
i.00
Tumor
Diameter |34 0.30
{mm): 0,50
# of
Unknown ,
Positive @ I °
Modes: OKnown o,
1 .
o,
Statu
w*
Status: Unknovm . o,
#I:rsss!oglcal |Ur1|-cr1cwm o
a.
Grade: |L*"'1k""-“""'1 o1 2 3 4 5 & 7 8 9 101112 13 14 15
Therapy options Year
Harmanal B Cancer Death Rate
therapy: |Tamux|fer1 i15-year Kaplan-Meier Cancer Death Rate: 28.7%
Chema- Impact on Life Expect
Mone v pact on Life Expectancy
therapy: | * A group of women of this age who did not have breast
Reduction o032 l:lam:er would have an sverage life expectancy of 18.4
in death: - years.
+ In the absence of adjuvant therapy. cancer would cause
m :I'.laztrgaverage life expectancy to be shortened by 8.3
. . s The azdjuvant therapy selected may be expected to
Click here to send ues.tlons extend that expectancy by 2.7 years, or 970 days.
comments, or suggestions.
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Breast Cancer Nodal Status Calculator

HOME Breast Cancer Other Cancers About

Enter patient information:

Age: IEE

Tumaor

Diameter |34
Probability of positive nodes:

{mm):

ER/ER. |
Status: .

|4J".4 %o

iﬁ:z!ugical |Un|-cn-:n.-m EI
Grade: |Ur1lcr1-:rw|'1 EI

Update Graph

Click here to send guestions, comments, or
suggestions.
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This calculator gives
the risk of cancer in
the nipple, for

assistance in deciding
ol ﬂip F:|||:':'.-E: 3arin q
mastectomy,

Breast Cancer: Nipple Involvement Calculator

HOME Breast Cancer Other Cancers About

Information

Tumor Diameter (cm): IE.l
Tumor Distance (cm: I?.S

Probability of Mipple Involvement: ID.lEB

Re=zet Information I
Click here to send guestions, comments, or suggestions.

Mowve mouse over graph:

[ =,
[on T L0 T 4

Distance from the nipple (om)
oo

L LN B O ]

o 1 2 =z 4 5 & 7 oo 9 10 11 12 12 14

Ciameter of the lesion on imaging (cm)
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Melanoma Outcome Calculator

HOME Breast Cancer Other Cancers About

Enter patient information: Mortality Risk

Factors affecting non-cancer lethality ’ Cancer Moncancer . Overall

Age: IJ"Z 1.00
o,
Factors affecting cancer lethality
o,
Tumaor
Thickness 2.2 o,
{mml:
o,
# of
Unknown
Positive {:} ||:| o
Nodas: @Knnvm o.
o,
Update Graph .

Click here to send guestions, o1 2 2 4 5 & 7 8 91011 12 12 14 15
comments, or suggestions.

ear

Cancer Death Rate
15-year Kaplan-Meier Cancer Death Rate: 24.204

Impact on Life Expectancy
¢ A& group of women of this age who did not have melanoma would have an average life
expectancy of 12.2 years.

* Cancer would cause that average life expectancy to be shortened by 3.5 years.
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Melanoma Nodal Status Calculator

HOME Breast Cancer Other Cancers About

Enter patient information:
P Probability of positive nodes:

Tumar Thickness I_ I
24.3
(mm): &3

Press to Calculate Outcome

Click here to send gquestions, comments,
or suggestions.
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Renal Cell Carcinoma Outcome Calculator

HOME Breast Cancer Other Cancers About

Enter patient information: Mortality Risk

Factors affecting non-cancer lethality . Cancer Moncancer . Overall
Age: I]"]'
Gender:  [Fomaie 3]

Factors affecting cancer lethality

Seooooo oD oE
OO ORI D) BT 00D D
Scoooooooooo

Tumaor

Diameter I]"J'
{mm):
Update Graph

Click here to send guestions.
comments, or suggestions.
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ear

Cancer Death Rate
13-year Kaplan-Meier Cancer Death Rate: 37.2040

Impact on Life Expectancy
* A group of persons of this age who did not have renal cell carcinoma would have an average life
expectancy of 11.4 years.

# Cancer would cause that average life expectancy to be shortenad by 4.1 years.
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] Ereventivenialrn.rel

& preventive uaa Lh s

Society

Individuals

Clinicians

orictitization ol froe the Leboretuny of Quantitst

This tool pricritizes USFSTF-recommended preventive services based upon days of life

added for an individual.

How old are you?

Are youa man or woman?

Would you like to add diagnostic information?
Do you smoke?
How tall are you?

How much do youweigh?

Re:

The Most Productive Interventions:
Quit smoking

Sustainably lose ten pounds

Take cne daily baby aspirin

Get soreened and treated for hypertension
Get soreened for breast cancer

Get a flu shot

Get soreened for colorectal cancer

Get soreened for cervical cancer

Get soreened for aloohol abuse

Get your cholesterel chedied and treated
Take calcium supglements

Get 8 pneumococcal vaccine

Compelling for reasons other than extension of life:
Get all your childhood immunizations

Get a vision soreen

Get soreened for depression

Get 8 hearing soreen

Get soreened for ostecporosis

Get soreened for diabetes

Get distary counseling

Get a tetanus-diphtheris booster

I

&
B
g
g
2
I
£

Days of Life Added:
4z
251
257

Click to Close (o just press Escape)

Quit smoking:

The British doctors health study found that male smokers who quit at

age 30, 40, 30, and 60 gain 10, 9, 6, 2nd 3 vears of lfe, respectively
(Doll et al, 9). We assumed that no moze than 10 yeazs
ace pained undes age 30, and neadly interpolated for other apes (and,
oves 60, extrapolated)

Fuse versions of this caleulator may incorporate the Nationl Cances
Tnstimte's values for reduction in alleanse mostality from smoking
ceszation.

Note that, from a physician's perspective, the "intervention” is
connseling or advising, which have 2 low (2.4, in the case of
connseling) probability of secess and thus 2 considerably seduced

benefit to the patieat
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