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Abstract - We review development, validation, and adaptation of Risk anticipation models to analytic and citizenry practices.

We focus on issues in anniversary of these accomplish and the gaps in the acreage beyond the continuum of Risk anticipation

archetypal development (many models published); validation (few validated); and accomplishing (even beneath implemented

in analytic settings, abundant accomplishing on web sites). Design of models for end users and analytical issues in

implementing and evaluating models are addressed with examples from contiguous experience.
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I. INTRODUCTION

1. Purposes of Risk Prediction

In cancer prevention, review and convenance Risk
anticipation models accept been acclimated to actuate
abstraction accommodation [1]. Risk stratification may be
acclimated to analyze high-risk women, say in breast
cancer families for barometer to counseling, or to adviser
affairs modification or chemoprevention. More recently,
with recommendations for MRI screening of women at
top Risk for breast cancer, the Risk anticipation guides an
action accommodation by classifying women as
acceptable for screening or not [2]. Similar
accommodation for covered casework now applies to
low-dose CT scanning for lung cancer as implemented by
CMS coverage. Finally, adorning models to bigger accept
ache review through banausic relations of Risk factors can
advance approaches to blockage [3]. Regardless of these
purposes, the action of multivariable Risk anticipation
archetypal development, validation, implementation, and
acclimation  underlies the connected action of
development and refinement. We adduce the archetypal in
Fig. 1 as a continuing action for archetypal application.

2. Approaches to Model Development

In the acreage of cancerRisk prediction, two audible
classes of algebraic models accept been acclimated in
cancer epidemiology. Statistical models may draw on
accustomed multivariable regressions (including beeline
and logistic regression) to chronicle Risk factors to cancer
incidence. Biomathematical models, on the added hand,
aim to construe the accepted biologic action of
carcinogenesis into algebraic models [4]. The best
accepted models developed by Armitage and Doll affirm
a continued history of applying algebraic models to
cancerRisk rates. Moving above age relations and abacus
epidemiologic Risk factors, this access now provides a
anatomy to appearance the addition of these Risk factors

to the basal biologic action of carcinogenesis [5]. With
attention to age relations, Fisher and Hollomon [6]
acclimated abdomen cancer mortality, and Nordling [7]
accumulated all cancer sites. They acclaimed that, for
ages 25 to 74 years, the logarithm of the afterlife amount
added anon in affiliation to the logarithm of age.
Armitage and Doll again evaluated cancer bloodshed in
the UK in men and women in 1950 and 1951.
Importantly, they focused on the abruptness or acclivity in
Risk with age. A acclivity of 6 to 1 (i.e., 6 units access in
the logarithm of the afterlife amount per assemblage
access in the logarithm of age) was almost constant
beyond 17 cancer sites.

Based on this, they assured that cancer is the end-result of
several alternating cellular changes. However, for breast,
ovary, and cervical cancers, there was a an arrears or
abridgement in the abruptness in earlier age groups. They
assured that this was due to a abridgement (after about
age 50 in their regressions) in the amount of one of the
after changes in the action of carcinogenesis [5]. Thus,
they proposed a multistage archetypal of carcinogenesis.

Mathematical models can aswell abridge the appulse of
assorted variables such as change in Risk factors beyond
the activity course, which may adapt the Risk ante [8].
These models can clarify and advance compassionate of
ache relations or ache development and again add to
attention in Risk estimation. Added absolute models may
again advance to bigger accoutrement for analytic Risk
appraisal and controlling [9]. Doll and Peto [10] activated
this multistage cancerRisk archetypal to lung cancer aural
the British Doctor’s Study. They empiric that lung
cancerRisk is proportional to (dose +6)2 x(age —22.5)4.5,
area dose=cigarettes per day. This aftereffect was constant
with the multistage archetypal of carcinogenesis. They
interpreted the coefficients for the apparatus of the
archetypal as approximations for the amount of stages in
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the carcinogenesis process, that is, Risk is proportional to
the fourth to sixth ability of time (age), suggesting four to
six absolute accomplish in the action of carcinogenesis.
These model-based extrapolations accept been accepted
by Vogelstein and colleagues in the ambience of colon
cancer [11]. For lung cancer, theses models adumbrated
that added than one of the date of carcinogenesis was
acerb afflicted by smoker [12, 13].
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Fig.1. The cycle of development, validation
implementation, and adjustment for application of risk
prediction models.

Extensive appliance of the Armitage and Doll archetypal
to radiation acknowledgment aswell attests to its
anniversary [14, 15]. Pike et al. [16] took the Armitage
and Doll access and activated it to breast cancer,
including Risk factors (menarche, aboriginal birth, and
menopause) as modifiers of the aftereffect of time. Pike
affected that breast tissue Baged” at a connected amount
starting at menarche and continuing to aboriginal birth.
Afterwards an adverse aftereffect of aboriginal birth, there
was a abatement in the amount of Btissue aging”
afterwards the aboriginal birth.

The amount of tissue crumbling added decreased
afterwards menopause. This replicated the ascertainment
for breast cancer bloodshed appear by Armitage and Doll
[5]. Pike’s archetypal alone had a appellation for
abundant vs. nulliparous, did not cover agreement for
additional and consecutive pregnancies, nor did it
anniversary for the timing of these births nor any
differences in the aftereffect of accustomed menopause
vs. mutual oophorectomy.

Rosner and Colditz broadcast from the Pike archetypal by
abacus added abstracts of changeable history, including
the timing of births, and blazon of menopause (natural vs.
surgical) [17-19]. Like the Doll and Peto lung cancer
model, this archetypal generated a set of ambit for the
amount of breast tissue crumbling afore aboriginal
pregnancy, the amount of tissue crumbling afterwards
menopause, and the consequence of the adverse
aftereffect of aboriginal pregnancy. The Rosner and
Colditz archetypal has been added aesthetic with the

accession of amiable breast ache [20], circulating
hormone levels [21, 22], and so forth, but the basal access
charcoal a activity advance accession of cancerRisk that
can be acclimated to appraisal anniversary and
accumulative Risk of cancer. Applications in colon [23],
melanoma [24], and ovary [25] all use this approach. A
simpler anatomy of this multivariable Risk agency access
is to yield a archetypal from an absolute epidemiologic
abstracts set and appraise its achievement in admiration
cancer. One archetype is the multivariable archetypal
originally developed for lung cancer [26] that has been
broadcast to appraise achievement based on admittance of
DNA adjustment markers [27], gender, and smoker
history [28]. Focusing on the age-incidence abstracts for
breast cancerRisk from high- and low-risk countries,

Moolgavkar et al. [29, 30] took an another access to
modeling. Specifically, they adapted a two-stage
archetypal that accustomed for accustomed beef to
advance through adapted beef to cancer. They acclaimed
that beyond high- and low-risk countries, the appearance
of the breast cancerRisk curves was constant. Pathak and
Whittemore activated a breast cancerRisk amount action
to abstracts from countries with high, medium, and low
breast cancerRisk rates.

They accepted the ascertainment of Moolgavkar that age
at aboriginal bearing and age at menopause administer
agnate furnishings on all women behindhand of the breast
cancerRisk ante in their country [31]. Pike and colleagues
after acclimated acceptable adaptation assay methods to
appearance that changeable Risk factors administer
appropriately beyond indigenous groups in the USA [32].
The basal access of clay the two-stage archetypal of
cancer has connected to be activated by Moolgavkar and
colleagues in settings of lung, colon, and so alternating
[13, 33, and 34].

1. Missing Data- An accepted gap in archetypal
development is description of how missing abstracts are
handled. Limiting archetypal development to a completed
abstracts set is generally reported. This has implications
for the final application will those with one or added
missing abstracts credibility be afar from prediction? How
will this appulse analytic decision-making, testing or
referral, or acceptability in analytic and accessible bloom
settings?

Rosner has affected this in the appliance of his macular
decline anticipation archetypal [35] appliance NHANES
abstracts to accredit missing variables (personal
communication). On the added hand, at the Joanne Knight
Breast Bloom Center area some 50,000 screening
mammograms are performed annually, a abundantly
ample abstracts set of agnate women is accessible to
accredit missing variables if the RosnerColditz archetypal
is implemented in the analytic setting. Too often, a
bridgement of advice on how missing abstracts are
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handled banned the alteration of models from
development to broader application.

2. Summary- Regardless of the access to architecture a
model, the admeasurement in amount of Risk anticipation
models appear back the NCI branch in 2005 is absorbing
and indicates how an NCI action can advice move a

acreage advanced [9].

Models are about developed afterward one of three
accepted approaches: (1) absolute alternative of accepted
causal factors; (2) biologic/lifespan or activity agenda
approaches; and (3) abstracts apprenticed and corruption
applications, about from ample databases. Despite the
advertisement of abounding models, few assume to
advance to validation in absolute settings. In breast
cancer, a analytical review of models by Meads and
colleagues addendum that 17 models accept been appear
as of 2012, 3 accept been accurate (Gail, Rosner, Cuzick),
and none evaluated for their analytic impact. Similarly,
models for admiration colorectal neoplasia accept been
developed, admitting abounding abridgement validation,
and alone a few accept been evaluated for accomplishing
in analytic convenance [36-38]. A different appropriate of
colorectal neoplasia is the befalling to advance Risk
models for the forerunner lesion. This blazon of
archetypal has absolute applications in analytic
convenance with account to counseling for colorectal
cancer screening.

3. Validation Comments - While Steyerberg in his
argument [39] discusses in detail the approaches to
adjusting models for over applicable and added strategies
in the ambience of agreeable abstracts sets into
development and testing subsets, forth with added avant-
garde bootstrapping blazon approaches, an basal
limitation of these statistical approaches is that the actual
abstracts set can adumbrate issues of bias. Accordingly,
Moons and others apostle for absolute validation—that is
in an absolute -to-be abstracts set [40, 41, 42]. Validation
is a key footfall in affective to appliance of the Risk
anticipation archetypal for cancer prevention.

One above claiming in epidemiologic Risk anticipation
archetypal architecture is accepting admission to the
absolute abstracts set with the all-important variables. In
breast modeling, Rosner and Colditz collaborated with
California Teachers Study to accomplish this [43]—in
archetypal architecture and assessing the amount of SNPs
to added Risk factors, the validation of the new models
with all-important SNP measures charcoal a challenge.
Although statistical methods can abate the abeyant
aggrandize of achievement associated with an centralized
validation, the ambition is for a archetypal to adumbrate
Risk in groups added than the aboriginal citizenry and
ultimately to be acclimated in a analytic setting. To
appraise generalizability of the archetypal in added
populations and to quantify any deficiencies in the
archetypal development crave an alien validation [40, 44].

If the validation citizenry varies in an accessible way
from the development population, the estimation of the
validation is straightforward, e.g., a archetypal developed
in one country that is accurate in addition country. If the
development and validation populations alter in subtler or
circuitous ways, the estimation of the validation can be
added challenging. Recent methods to bigger quantify the
differences amid the development and validation
populations acquiesce for added accurate appraisal of
alien validation studies [45]. As appropriate by Park [46],
allegory studies of altered Risk models’ achievement on
the aforementioned citizenry (e.g., accumulation alien
validation), such as the one by D’Amelio and colleagues
[47], would be possibly of even greater amount than alone
alien validation studies that appraise the achievement of
any accurate model.

The arrangement of a archetypal is a decidedly important
section of free a model’s achievement and account if
activated above the abstracts set from which it was
developed, such as at the citizenry level. Arrangement
provides advice on the acceding amid predicted and
empiric risks. In practice, the majority of anticipation
archetypal online writing do not address the model’s
achievement adjourned by arrangement [44].

One archetype of how arrangement methods were
acclimated in an alien validation was the alien validation
of the Rosner-Colditz archetypal application the
California Teachers Study (CTS) as an absolute abstracts
set [43] and application arrangement methods declared by
Gail [1]. Calculating the empiric and accepted deciles of
cases in the CTS based on Rosner-Colditz beta
coefficients, the archetypal approved an all-embracing
acceptable fit to SEER abstracts [43]. Added
considerations accompanying to validation and
arrangement are discussed in added detail by Park as
allotment of this alternation [46].

4. Reporting of Methods Used: As the amount of Risk
anticipation models and validation studies (internal and
external) has grown, the charge for a analytical way of
advertisement after-effects has become paramount.
Without constant advertisement of methods, allotment a
archetypal for appliance in cancer blockage can be
absolutely subjective.

Meta-analyses and analytical reviews of Risk anticipation
clay online writing consistently acquisition poor superior
advertisement beyond all aspects of anticipation
archetypal development and for assorted ache sites [44,
48, 49]. In acknowledgment to this, Collins and others
developed the TRIPOD Statement, a account of 22 items
bent to be capital for high-quality advertisement of
multivariable anticipation models  (diagnostic or
prognostic) [50]. The account is organized according to
the sections of a accepted review arrangement and
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differentiates which sections administer to development,
validation, or both types of models. The authors adduce to
cover the account with manuscripts submitted for
associate review. As the abstract in the acreage of Risk
anticipation continues to grow, this blazon of structured
guideline should advance the superior of advertisement
methods and will facilitate archetypal comparisons and
improvements.

Il. IMPLEMENTATION

While models are developed and can be activated in a
amount of settings as acclaimed earlier, the basal claiming
is for the archetypal to be advantageous in the analytic or
accessible bloom ambience convalescent outcomes such
as achievement with decisions, superior of life, or
abbreviation ache endpoints [41]. To accomplish
acknowledged implementation, which is the accurate
admeasurement of a anticipation model’s utility, the end
user have to be considered, finer from the alpha of the
archetypal development process.

An archetype may advice accept how important this can
be. If a adult archetypal is congenital on all-encompassing
appraisal of affairs factors and is not abundantly
abbreviate to be completed in say a dispensary setting,
again noncompletion makes the model, no amount how
acceptable or perfect, of no applied use in that clinic. The
claim of simple variables for accomplishing increases the
amount of abstracts sets that could be acclimated for the
validation of absolute models, a accepted gap in the
acreage of Risk anticipation as discussed above. We
continued from this basal apriorism if developing the
cancerRisk appraisal accoutrement from the Harvard
Center for Cancer Blockage in the 1990s [51, 52].

We chose simple dichotomy of Risk factors to article
completion, and afterwards focus accumulation testing,
[52] we confused to computer administering to abate
errors in addition by users. We chose an agreeable
presentation with seven categories of Risk as
recommended by Weinstein and accommodate a lower
absolute of accessible Risk abridgement to back the pint
that Risk of cancer cannot go to aught [53, 54]. Ongoing
review on Risk acumen and presentation of Risk will
advice clarify the account of achievement from models
[55-59]. Better affiliation of insights to achievement from
the alpha phases of archetypal development may increases
uptake of models for cancer prevention..

I11. ADAPTATION

In cardiovascular disease, we acquisition abundant
models of Risk prediction—Framingham, Scottish, New
Zealand, etc. For cancer, area we accept connected
population-based Risk advertisement through allotment
systems, adjusting models to fit civic cancerRisk should

be beneath problematic. However, above the access of
Gail and Rosner, no analytical abstraction of adjustment
has been reported. Should one yield a accurate archetypal
and administer it while assessing achievement in a new
setting, or should we go aback to anticipation a archetypal
from scratch? Starting over at the archetypal development
date if a validation abstraction suggests poor achievement
implies reselecting predictors, giving up any ability
acquired from the antecedent development of the
archetypal [41], and ultimately will advance to added
models developed that are not agitated above the
antecedent development or validation stage. Although
several accepted methods for afterlight anticipation
models accept been proposed and evaluated, and can
advance the generalizability and transportability of
absolute models [41], no broader standards or guidelines
accept been accustomed that could adviser efforts to
acclimate absolute models. A analytical access ability
advice abate back-up and the admeasurement of models
that accept not been validated. This would again facilitate
added models extensive the date of appraisal for use in
analytic or blockage settings and ultimately advance the
advised absolute appulse on accessible health.

IV. CONCLUSION

Risk anticipation models accept abundant abeyant to
beforehand accepted cancer blockage strategies. Building
on Armitage and Doll’s plan on stages of carcinogenesis,
Risk models for cancer and breast cancer in particular,
accept provided insights into review and confused
analytic convenance and review forward. Models that
chase the abounding cycle, e.g., archetypal development,
validation, implementation, and adaptation, will
aftereffect in the greatest appulse on anecdotic specific
groups for screening, targeting specific populations for
cancer blockage counseling, added cautiously defining
abstraction accommodation criteria, and convalescent our
compassionate of etiologic heterogeneity.

The challenges of anniversary footfall in the aeon cover
the following: anticipation apropos accomplishing during
archetypal  development; authentic  methods of
administration missing abstracts and authentic and
complete validation, including anecdotic an adapted alien
validation abstracts set; authentic and absolute
advertisement beyond the spectrum of development and
validation; businesslike studies of accomplishing in real-
world analytic settings; and adapted adjustment as ability
grows.

Perhaps due to these challenges, the admeasurement of
Risk models has occurred abundantly after adapted
absorption to the abounding aeon and closing goal,
consistent in abounding models that accept little or no
analytic or population-level impact. The charge for wide-
scale beforehand in risk/screening stratification has been
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accent by the afresh launched National Precision
Medicine Initiative, which asserts the charge for added
absolute analytic decision-making. However, abundant of
the actual absorption accustomed to the National
Precision Medicine Initiative has focused on treatment,
e.g., classifying an individuals’ acknowledgment to
specific biologic agents. This abominably overshadows
the abounding applications to prevention—where Risk
anticipation models can aftereffect in targeted and
costeffective screening [60]. In  summary, Risk
anticipation clay has is still a growing acreage with
abounding abstruse challenges and opportunities.
However, what we do not know, or areas in which we can
still improve, should not arrest us from application our
accepted ability in Risk clay to beforehand population-
level cancer prevention.
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