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Abstract

Objective: To analyze the diagnostic accuracy of predictive models of breast cancer risk for the Brazilian population.
Method: A cross-sectional, study was conducted in a sample of 382 women aged 35-69 years who were users of
the Unified Health System (SUS) residing in a municipality in southern Brazil. Results: The results showed that
the Tyrer-Cuzick model had the highest mean risk values and estimates (proportion) for predicting the 5-year risk of
breast cancer, reaching a maximum risk of +£1.63% in the 60-64 year age group. For the 90-year risk, a maximum
risk of £12.8% was predicted for the 50-54 year age group using this model. The 5-year risk calculated by the three
tools increased progressively with increasing age, where the mean risk was +0.8% in women aged 35-39 and reached
+1.50% in women aged 65-69. The 90-year risk declined with increasing age only in the Tyrer-Cuzick model, from
+10.8% to £9%. The BRCAPRO model presented a greater sensitivity compared to the Gail and Tyrer-Cuzick models.
And, the model that presented greater specificity was Gail. Conclusion: The Tyrer-Cuzick model presented the highest
risk estimates for 5 years and 90 years in the studied population, however, this data is not enough to validate this tool,
since when analyzing the sensitivity and specificity the BRCAPRO and Gail have the highest values respectively.
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Introduction

Breast cancer is the most common type of cancer
in women, accounting for more than 508,000 deaths
worldwide (Global Health Estimates, WHO, 2013).
Globally, a woman is diagnosed with breast cancer every
3 minutes, for a total of one million new cases per year
(Babita et al., 2014). The incidence varies by region,
with 27 cases per 100,000 women in Central and East
Asia and 96 cases per 100,000 women in Western Europe
(IARC, 2012).

In Europe, 28% of new cancer cases are breast cancer.
In Brazil, the estimate for the 2018 — 2019 biennium is
59,700 new cases of breast cancer, with an estimated
risk of 56.33 cases per 100,000 women. In the state of
Paran4, Brazil, the estimated rate for 2018 was 64.70 cases
per 100,000 women (INCA, 2017).

Although breast cancer is considered to have a good

prognosis, there has been an increase in both its incidence
and mortality, which may be associated with diagnoses
performed at advanced stages (Gonzaga et al., 2014;
Badan et al., 2014; OMS, 2018).

Screening is an important method of testing or
examining an asymptomatic, apparently healthy population
to identify lesions suggestive of cancer. It is considered
a primary care technology and its indication may vary
according to the target population, screening periodicity
and method (Diretrizes, MS, 2017). Studies have shown
that in countries with organized screening programmes,
the mortality from breast cancer has been reduced (Myers
et al., 2015; Feig, 2014). Thus, to organize the screening
methods, several risk calculation models have been
developed to predict a woman’s risk of developing breast
cancer over the lifetime. Among these models, the most
used are the Gail, BRCAPRO and Tyrer-Cuzick models
(Reyes, 2009).
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The developed risk calculation tools for rapid
screening are easy to use and effective for breast cancer
screening (Zhang et al., 2018). The predictions derived
from the models are being used more frequently in the
development of guidelines and recommendations for
clinical care, in which women with a higher predicted
risk are being advised to initiate mammography screening
earlier and to consider magnetic resonance imaging (MRI)
screening, genetic testing and chemoprevention (Coopey
et al., 2018).

The American Cancer Society (ACS) and the National
Comprehensive Cancer Network (NCCN) recommend
MRI screening in women with a lifetime risk of breast
cancer >20% as estimated by the Tyrer-Cuzick model,
genetic testing in women with a risk for BRCA gene
mutation of >10% calculated by the BRCAPRO model,
and chemoprevention in women with a 5-year risk of
breast cancer >1.67% calculated by the Gail model
(NCCN, 2016; Visvanathan et al., 2013).

The tools for calculating risk as a screening method
are important to classify the risk of the population so that
screening methods specific to the population classified
as high risk can be used for monitoring them, thus
ensuring the early detection of breast cancer and therefore
improving the disease prognosis. In this scenario, despite
the validation of these screening models in several
countries, their applicability differs in specific populations.
The Tyrer-Cuzick and BRCAPRO models have not
yet been validated in the Brazilian population; that is,
there are still no studies evaluating their applicability
in this specific population. Furthermore, studies on the
Gail model only applied this model to populations who
already had breast cancer, and thus cohort studies in the
asymptomatic population evaluating the applicability of
this model are lacking.

In view of the above, the objective of this study was
to analyse the agreement between the Gail, Tyrer-Cuzick
and BRCAPRO models regarding the obtained risks for
breast cancer and to identify the best model for screening
in the Brazilian population.

Materials and Methods

Cross-sectional study of a sample of 382 women
aged 35 to 69 years. The female population in this age
group residing in Paranavai - Pr, according to IBGE data
(2010), is 17,672. After the sample calculation based
on the total number, with 5% error and 95% confidence
level, a sample is 243 women plus 10% for possible tests,
with a final sample of 267 women, who are users of the
Unified System. (SUS) in the 13 primary care units of
the municipality. Women who previously had or still had
breast cancer were excluded.

Data were collected between March and September
2018 through a semi-structured instrument that
was designed to explore the study objectives. The
questionnaire contained 3 sections covering the main
topics: (a) Characteristics of the study population such as
socioeconomic and demographic factors, including age,
educational level, city of residence, self-reported race or
ethnicity, family income, and civil status; (b) Behavioural
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data, including weight, height, smoking, and alcohol
consumption; and (¢) Reproductive history and family
history, including family history of breast cancer, age at
menarche, number of children, breastfeeding, onset of
menopause, and hormone replacement. The interviews
were conducted by the researcher and by individuals
trained by him.

The data were tabulated in Microsoft Office Excel®
2010 spreadsheets, and the Rx64 software version 3.5.1
was used for statistical analysis. The risk calculations
were performed with the CRA Health system (http://www.
crahealth.com/), which uses the Gail, Tyrer-Cuzick and
BRCAPRO models to calculate the 5-year and lifetime
risks. The variables used in the calculation were the same
in all tools. Women were considered to have a high lifetime
risk for breast cancer if the predicted risk was >20% and
were considered to have a high 5-year risk if the predicted
risk was >1.67%.

The women were grouped by age into 5-year
increments to compare the risks between the tools. The
kappa coefficient was calculated to evaluate the level of
agreement and reproducibility between the BRCAPRO
and Gail, Tyrer-Cuzick and Gail, and BRCAPRO and
Tyrer-Cuzick tools for the 5-year and lifetime risk.
Analysis of variance (ANOVA) with a post hoc test was
used test to the equality between the means of the tools,
based on the analysis of the sample variances.

The analysis of sensitivity, specificity, positive
predictive value and negative predictive value was
performed per variable to detect which of the three tools
is most appropriate for the study population.

The sensitivity test has the diagnostic / screening
ability to detect true positives, and the specificity, the
diagnostic / screening ability to detect true negatives.
While the sensitivity and specificity of a test are inherent
properties of the test and do not vary except by technical
error, positive predictive and negative predictive values
depend on the prevalence of “disease” in the study
population. Positive predictive value increases with
disease prevalence while negative predictive value
decreases (Reis and Reis, 2002). For this analysis was
used the software R Core Team. R: A Language and
Environment for Statistical Computing. Vienna, Austria:
F Foundation for Statistical Computing; 2014.

To establish the cut-off point for the studied variables,
used a variation of the ROC curve denominated TG-ROC
(two-graph receiver operator characteristic), that is an
alternative way of express graphically the relationship
between sensitivity and specificity to help identify the
best cut-off point. (Medronho, 2006). The sensitivity and
specificity calculation was performed at the 10, 20, 30,
40, 50, 60, 70, 80, 90 and 100 percentiles to adopt the
cutoff point.

The ethical aspects of the present study are based
on the Guidelines and Norms Regulating Research
involving Human Subjects (BRASIL, 2012b), according to
Resolution 510/2016 of the National Health Council of
Brazil (Conselho Nacional de Saude). The study was
approved under opinion number 2,251,844 of the Research
Ethics Committee of the State University of Maringa
(Universidade Estadual de Maringa).
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Table 1. Level of Agreement between the Risk Tools, with kappa Coefficients. Brazil, 2018

Tools n Kappa index p-value Power of agreement ~ Adjusted p*
Gail and Tyrer-Cuzick— 5-year risk 381 0.631 0.000%** Substantial 0.983
Gail and BRCAPRO- 5-year risk 381 0.364 0.000** Reasonable 0.999
BRCAPRO and Tyrer-Cuzick— 5-year risk 381 0.374 0.000** Reasonable 0.999
Gail and Tyrer-Cuzick— 90-year risk 381 0.248 0.000%** Reasonable 0.000%*
Gail and BRCAPRO- 90-year risk 381 0.000** 1.000 No agreement 0.392
BRCAPRO and Tyrer-Cuzick— 90-year risk 381 0.000%* 1.000 No agreement 0.000%**

* ANOVA with post hoc test; ** The adopted p-value was <0.05 (5% significance) for all calculated values.

Table 2. Proportion of Patients with 5-year Risk >1.67 and 90-year Risk >20, Based on Age. Brazil, 2018.

Age
35-39 40-44 45-49 50-54 55-59 60-64 65-69 Average
Risk Model (%) (%) (%) (%) (%) (%) (%) (%)
Risk >1.67 - 5 years
BRCAPRO 5.3 10.4 11.3 15.1 224 52.6 56.8 24.84
Tyrer-Cuzick 8.8 16.4 16.1 35.8 224 31.6 35.1 23.74
Gail 3.5 7.5 9.7 26.4 20.9 21.1 27.0 16.58
Risk >20 - 90 years
BRCAPRO - - - - - - - -
Tyrer-Cuzick 1.8 11.9 8.1 11.3 4.5 2.6 - 6.7
Gail 1.8 3.0 1.6 1.9 - 2.6 - 22
Results The mean 5-year risk for the development of breast

Regarding the risk factors assessed by the three models
in this study, which are age, age at menarche, age at first
birth, history of cancer in first-degree relatives and race,
the age ranged from 35 to 69 years, with an average age of
50 years. The age at menarche ranged from 7 to 22 years,
with a mean of 12.8 years, and the age at first birth ranged
from 11 to 42 years, with a mean of 22 years. Overall,
15.27% of the women were nulliparous, and 19.4% had at
least one first-degree relative (mother, sister or daughter)
with breast cancer. Regarding race, 40.15% of the women
were of mixed race, 44.62% were white, 12.34% were
black, 2.62% were Asian and 0.26% were indigenous.

44
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cancer (Figure 1) was equal in the 50-54 year age group
by the BRCAPRO and Tyrer-Cuzick tools, and in the
other age groups the calculated mean was higher in the
Tyrer-Cuzick tool, followed by BRCAPRO and Gail,
except for the 40-44 year age group, in which the Gail
model calculated a mean higher than the and in interval
ofthe age between 65-69 years that the BRCAPRO model
obtained a mean risk higher than Tyrer-Cuzick and Gail.
Figure 1 also shows that the older the age group, the higher
the calculated mean 5-year risk of breast cancer.
According to Figure 2, the mean 90-year risks in
the BRCAPRO and Tyrer-Cuzick models were higher
in most age groups, except the 40-44- and 50-54-years

50-54 55-59 60-64 65-69
Age

EBRCAPRO mTyrer_Cuzick m Gail

Figure 1. Mean 5-year Risk for Breast Cancer Calculated by the BRCAPRO, Tyrer-Cuzick and Gail Models in

Brazilian Women.
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groups, for which the means were higher in the Tyrer-
Cuzick and Gail models. Thus, among the three tools, the
Tyrer-Cuzick model calculated the highest mean for both
the 5-year and 90-year (lifetime) risk. Additionally, the
mean 90-year risk decreased with increasing age group
for the three risk models.

According to the kappa analysis, the agreement
between the tools was significant, with greater agreement
between the Tyrer-Cuzick and Gail tools for both the
S-year and 90-year risk. The difference between the
means was significant (p<0.05) between the Tyrer-
Cuzick and Gail models and between the BRCAPRO
and Tyrer-Cuzick models for the 90-year risk (Table 1).

Regarding the 5-year risk, 37 cases of high risk

3410 4sian Pacific Journal of Cancer Prevention, Vol 20

9SBISIP J1UOIY))

L'LL 9'8L 0°€l [4Y4 9T 6'89 SoL 1'0L ¥'ST 0°€e gle

Ge8

=~
o< Q5 #F 38 < e
§§5‘gog: gl o
2 2 % § g & 8 e
5§ & 3 8% 2 & 2 s|®
L < s g 8 = =
= L 0 o B o | Ww
%5~m®Aom N
5 2 2] S A >
2 g2 ::Z Nel 5
< ©w = < o
© g =
a 2 S
* —
©n
o
=h
w2
z |5
A = 0 O W wn ~ 72}
\IOO\!\)OM-‘:O =
S 0 N & = B S 2‘
E =
<
©n
o |1
2= 9 © N u K3 2T
2 v ©o - ©o = K|lOQ =|0O
Lo = o= | ¥ ZC
Z\g
.
-+
<
S 0 O W U W
\1\°N»—‘_o|\>\og) )
b P o= 8
=
=
<
z |5
SR [ N
Z 3 3 ° 3 R Rla a
o ¢
- o N mwbg 9
=] [e]
-t
=
©»
g@
22z b 32 gls
o = o T b (:,“&
= e
< | o
o
=
o S N =N i) e
S W o~ T e WL |G Z
=T SR N B )
aQ
©
=
=
z |3
I S SR SO R
LN W W = = a0 o~
Lo b = o 2 o8 8
s 2
(e}
< | =
I\)—‘I\)I\)I\)I\)I\)_]%é
A Sl =T
W 9 W W\ e W o x| <
*| e
=
c
o
= = 5> o= a2 oo
— o » o = o o= %
o
o
o] =]
© 9 9 ® w9 3 w|” <
S v o S N x ~=|0 o
h o v o o —~ KB =.
S &
<|la
= | «»
\1\10\\1\1\1\1_12'
x & & v & £ © < | oo
“ oo o b b =[O X
“| 8
=.
=
[\
® J o0 o0 0 0 X
oxoo—w:uw.u@ S
W o = Vv B~ B~ 9= &

were predicted with the Tyrer-Cuzick model, but these
cases were predicted as low risk with the Gail model;
the opposite occurred in 7 observations, where the Gail
model resulted in a high risk and the Tyrer-Cuzick model
in a low risk. Therefore, the Tyrer-Cuzick model presented
greater sensitivity compared to the other tools.

When analysing the age-based risk proportion, the
S-year risk of breast cancer increased with increasing
age group in all three tools (Table 2). The Tyrer-Cuzick
model predicted the highest 5-year risks for breast cancer
(= 1.67%) in most age groups. For the 90-year risk
(>20%), this model predicted the highest estimated risks
across all age groups.

The 90-year risk of breast cancer decreased with
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Figure 2. Mean 90-Year Risk for Breast Cancer Calculated by the BRCAPRO, Tyrer-Cuzick and Gail Models in

Brazilian Women.

increasing age according to the Tyrer-Cuzick model, but
the same did not occur with the Gail model, as the risk
remained high. The BRCAPRO model did not estimate
any women as having high risk (Table 2).

The Table 3 shows the diagnostic accuracy of the study
variables according to the three risk prediction models.
The BRCAPRO tool calculated a higher mean of the
sensitivity (46.4%) compared to the other tools, and the
group of women receiving coverage under the Family
Health Strategy showed the highest sensitivity (92.6%).
The Gail model calculated the highest mean of the
specificity (58.9%), but the group of women who
underwent hormonal therapy, which presented higher
specificity, was calculated by the BRCAPRO tool (97.3%),

The Tyrer-Cuzick tool obtained higher Positive
Predictive Value (PPV) for the group of women who never
breastfed (34.1%) and also had the highest overall PPV,

compared to the other models. The negative predictive
value (NPV) was higher in the group of women who
underwent screening exams for breast cancer (87.5%) and
was calculated by the BRCAPRO tool, and the group of
women who did not breastfeed (87.5%) was calculates by
Gail tool. When analyzing the NPV in general, the Gail
model presented a higher mean compared to the other
models.

The cut-off point of variables analyzed as the
woman’s age, body mass index and the woman’s age at
the birth of the first child are presented in Figure 1, and for
the woman’s age the 50 percentil equivalent to the age of
45 years was the same for the three tools. In the variable
body mass index, the percentile was 50 = 26.4 (BMI) in
the BRCAPRO tool, percentile was 45 = 27 (BMI) in
the Tyrer-Cuzick tool and percentile was 40 =25.4 (BMI)
in the Gail tool. Already at the woman’s age at the birth of

BRCAPRO Tyrer-Cuzick GAIL
- Percentile o Percentile Percentile
s cutoff o cutoff a0 cutoff
Age of ® point 50 = - point 50 = point 50 =
woman ¢ 45 years = 45years 45 years
S T R T ST e
She o R =
Body Percentile percentile . Percentile
Mass cutoff cutoff as cutoff
Index-  » point 50 = point 45 = - point 40 =
BMI 26,4 27 e 254
o T P
Age  of Percentile Percentile Percentile
WOman: o w cutoff cutoff cutoff
firstchild point 40 = point 40 = point 40 =
- 20 years 20 years 20 years

T, Saculibinie
[ Pt

Figure 3. Cut-off Points for the Variables Woman's Age, Body Mass Index and Woman's Age in the First Child,
According to the Three Risk Models, BRCAPRO, Tyrer-Cuzick and Gail.
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the first child the percentiles and cutoff points were the
same in the three tools, percentile was 40 = 20 years.

Discussion

Tools for assessing risk as a screening method are
important for classifying the population risk for breast
cancer and for monitoring the population classified
as high risk through other screening methods. Thus,
models should be used that ensure the early detection of
breast cancer in its initial stage, thereby improving the
prognosis of the disease and the quality of life of women.
Although validation of these screening models has been
conducted in several countries, their applicability differs
in specific populations. To date, despite the high rates of
mortality due to breast cancer in the Brazilian population,
there are still no correlation studies of these models
and their effectiveness in screening for breast cancer.
The Tyrer-Cuzick and BRCAPRO models have not yet
been validated in the Brazilian population; there are
no studies evaluating their applicability in this specific
population. Studies on the Gail model have applied it only
to populations already with the disease, and there are no
cohort studies in an asymptomatic population evaluating
the applicability of this model.

The estimated risk of breast cancer varied between the
risk models. This is because each model uses a different
statistical calculation for the same analysed variables.
Additionally, each model has different risk factor variables
for the statistical calculation. Thus, identifying the best
risk model for the Brazilian population is important to
provide specific recommendations according to the risk
found and the age of the patient. According to the NCCN
guidelines (2016), a risk equal to or greater than 20%
calculated by a validated risk tool is an indication for MRI
breast cancer screening. A risk equal to or greater than
1.67% is a criterion for the indication of chemoprevention.

The BRCAPRO model obtained the highest mean risk
(24.84%) for calculating breast cancer risk in 5 years.
For the 90-year risk calculation, the Tyrer-Cuzick tool
had a higher mean risk (6.7%). In the study by Coopey
etal., (2018), the Tyrer-Cuzick tool presented the highest
estimates of risk for breast cancer throughout life in all
age groups. In a study realized out by Weisstock et al.
(2013), about risk assessment used the model of Gail and
Tyrer-Cuzick, the mean overall risk was higher for the Gail
tool (2.86%) than for Tyrer-Cuzick (2.63%).

When analyzing risk estimates by age group,
the Tyrer-Cuzick model calculated the highest risk
estimates for breast cancer in 5 years (> 1.67%), and for
the risk in up to 90 years (> 20%) in most of the age groups
and also presented the highest number of observations,
according with analysis of kappa. Brentnall et al. (2015)
also evaluated these models in the United Kingdom with
a cohort study and observed a higher diagnostic value of
the Tyrer-Cuzick model in comparison to the Gail model,
reinforcing the results of the present study. Ewans et
al., (2016) compared the Tyrer-Cuzick, Gail and Breast
and Ovarian Analysis of Disease Incidence and Carrier
Estimation Algorithm (BOADICEA) models and found
greater risk accuracy for the Tyrer-Cuzick model in
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a cohort of 6,268 women in the United Kingdom.

The 5-year risk calculated for this population by the
three tools increased progressively with the age of the
women, and the 90-year risk decreased with age when
using the Tyrer-Cuzick tool. Using these models, Coopey
et al., (2018) found a similar result in the American
population, where the calculated lifetime risk of breast
cancer decreased with patient age.

This study also showed that the BRCAPRO tool
presented a sensitivity in the studied sample with a mean of
46.4% among all variables analyzed. The specificity,
positive predictive value and negative predictive value
were higher in the Gail tool with the respective values
58.9%, 23.4% and 84.1%. These results diverge from
the study by Zhang et al. (201.8), which showed that
the Tyrer-Cuzick model presented higher sensitivity
(66%), specificity (86.92%) and positive predictive value
(85.34%) for breast cancer risks, compared to the Gail
model with 53.33%, 77.69% and 73.39 % respectively. In
another study, conducted in India by Challa et al., (2013)
showed a sensitivity and specificity of the Gail model
closer to the result of the present study, in which the
sensitivity was 51.9% and the specificity 64%, however,
concluded that from these data it is still not possible to
validate this tool in the Indian population, thus requiring
more studies with a larger population.

The Gail model is the most validated model worldwide,
but in Brazil its applicability remains questionable,
since the most recent studies of this tool did not use a
retrospective cohort to evaluate its performance. In the
study by Lopes et al., (2014), which evaluated 105 women
with breast cancer in Minas Gerais, the 5-year risk of
breast cancer was underestimated. In a case-control study
with women from the Brazilian state of Bahia, the 5-year
risk was underestimated in the control group compared
to the case group (Cruzoé et al., 2015). However, the
Gail model is considered to predict risk in asymptomatic
women; thus, the applicability of the Gail model in the
Brazilian population is questionable, since no cohort
study has evaluated risk in this population after years of
monitoring.

A limitation of this study is that it was performed
in a small sample of the Brazilian population, and the
variables used by the three tools were the same, thus
reducing the accuracy of the risk prediction by tools
that have more specific risk variables for the statistical
calculation. However, when analysing the same variables,
the tools performed differently. The BRCAPRO model
demonstrated a greater sensitivity for the prediction of
breast cancer risk in Brazilian women compared to the
Gail and Tyrer-Cuzick models.

In Brazil, the use of these risk prediction tools remains
limited due to the lack of knowledge of the existence of these
tools by some professionals, the culture of professionals
in regard to resisting new technologies and especially
the reliability of the results obtained, since there is still
no model that evaluates the specific risk factors of this
population, and the applicability of the existing models
has not yet been verified through cohort studies.

In conclusion, the Tyrer-Cuzick model presented the
highest risk proportion for both 5 years and 90 years in the
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studied population. However, this data is not enough to
validate this tool, since that when analized the sensitivity,
specificity, PPV and NPV, the BRCAPRO and Gail
models present the highest values, respectively. It was also
concluded that when the diagnostic accuracy of these three
tests were determined, they were not sensitive enough to
detect risk when there was actually risk, but they showed
a greater capacity to determine absence of risk when the
result was negative. Therefore, future studies are necessary
to evaluate the applicability of these models in this
population and to determine which tool is most appropriate
considering the risk factors of Brazilian women, or even
the development of specific models for this population.
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