R QPIOLOGY
NCOLOGY

and O | www.radioloncol.com

§ sciendo

research article

Breast cancer risk based on adapted IBIS
prediction model in Slovenian women aged
40-49 years - could it be better?

Tjasa Oblak'2, Vesna Zadnik?3, Mateja Krajc#>, Katarina Lokar3, Janez Zgajnar"?

' Department of Surgical Oncology, Institute of Oncology Ljubljana, Ljubljana, Slovenia
2 University of Ljubljana, Faculty of Medicine, Ljubljana, Slovenia

3 Epidemiology and Cancer Registry, Institute of Oncology Ljubljana, Ljubljana, Slovenia
4 Cancer Genetic Clinic, Institute of Oncology Ljubljana, Ljubljana, Slovenia

> Faculty of Health Sciences, University of Primorska, Izola, Slovenia

Radiol Oncol 2020; 54(3): 335-340.
Received 25 March 2020

Accepted 7 May 2020

Correspondence to: Prof. Janez Zgajnar, M.D, Ph.D., Department of Surgical Oncology, Institute of Oncology Ljubljana, Zaloska cesta 2,
SI-1000 Ljubljana, Slovenia. E-mail: jzgajnar@onko-i.si

Disclosure: No potential conflict of interest were disclosed.

Background. The aim of the study was to assess the proportion of women that would be classified as at above-
average risk of breast cancer based on the 10 year-risk prediction of the Slovenian breast cancer incidence rate
(S-IBIS) program in two presumably above-average breast cancer risk populations in age group 40-49 years: (i) women
referred for any reason to diagnostic breast centres and (i) women who were diagnosed with breast cancer aged
40-49 years. Breast cancer is the commonest female cancer in Slovenia, with an incidence rate below European av-
erage. The Tyrer-Cuzick breast cancer risk assessment algorithm was recently adapted to S-IBIS. In Slovenia a tailored
mammographic screening for women at above average risk in age group 40-49 years is considered in the future.
S-IBIS is a possible fool fo select population at above-average risk of breast cancer for tailored screening.

Patients and methods. In 357 healthy women aged 40-49 years referred for any reason to diagnostic breast cen-
fres and in 367 female breast cancer patients aged 40-49 years at fime of diagnosis 10-years breast cancer risk was
calculated using the S-IBIS software. The proportion of women classified as above-average risk of breast cancer was
calculated for each subgroup of the study population.

Results. 48.7% of women in the Breast centre group and 39.2% of patients in the breast cancer group had above-
average 10-year breast cancer risk. Positive family history of breast cancer was more prevalent in the Breast centre
group (p < 0.05).

Conclusions. Inclusion of additional risk factors into the S-IBIS is warranted in the populations with breast cancer
incidence below European average to reliably stratify women into breast cancer risk groups.
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Introduction

Breast cancer is the most common cancer in wom-
en with more than 2 million new cases diagnosed
worldwide in the year 2018 and therefore represents
a major public health problem. In Europe alone, the
number of women diagnosed with breast cancer in
2018 was approximately 523 000 with an estimated
age-standardized incidence rate of 100.9/100 000.!
Breast cancer is the most common cancer in women
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in Slovenia as well and in 2016 there were 1386 new
cases diagnosed. However, the age-standardized
incidence rate in Slovenia is lower than European
average rate (68.5/100 000 women).>3

Mammographic screening is one of the estab-
lished strategies to deal with the breast cancer
problem in public healthcare. The Slovenian na-
tional mammographic screening program offers
biennial screening mammography to all women in
the age group 50-69 years.*
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However, approximately one sixth of breast
cancer patients are diagnosed at age 40 to 49 years,
on average with a more advanced stage at the time
of diagnosis compared to patients diagnosed in
the age group 50-69 years.? Despite this fact, in
Slovenia there is no organized mammographic
screening program in this age group of women
due to lack of convincing evidence that population
mammographic screening reduces breast cancer
mortality in women aged 40-49 years. Namely, ac-
cording to European guidelines there is condition-
al recommendation against breast cancer screening
for women aged 40 to 45 years, and only condition-
al recommendation for the screening for the age
group 45 to 49 years.

In Slovenia all breast cancer in the age group
40-49 years are diagnosed in regional diagnostic
breast clinics whether due to symptomatic disease
or as a result of opportunistic screening. Women
can be referred to opportunistic screening by their
gynaecologists or general practitioners based on
family history of breast cancer or other risk factors.
Women with high breast cancer risk (i.e. genetic
predisposition) may opt for surveillance separately
in a dedicated centre.

To overcome the limitations of the population
screening in younger women, tailored breast can-
cer screening limited to women with an above-
average breast cancer risk is one of the research
options today. Based on the 2018 Slovenian recom-
mendations on breast cancer prevention and treat-
ment a tool is needed to stratify women according
to 10-years breast cancer risk in three groups: pop-
ulation risk, moderately increased risk and high-
risk group, respectively.® Only women at above the
population risk should be offered screening before
the age of 50.

To improve identification of women at above-
average risk of breast cancer, many breast cancer
prediction models have been developed in the last
three decades.” The IBIS software, based on the
Tyrer-Cuzick algorithm, is one of the most consist-
ent, both in the general population and in familial
setting.®1% IBIS calculates breast cancer risk based
on classical risk factors including age, family histo-
ry of breast or ovarian cancer in first- and second-
degree relatives, age at menarche and menopause,
parity and age at first childbirth.® Recently mam-
mographic density and polygenic risk score were
added as additional risk factors to be taken into
account in the calculation of breast cancer risk.!!!?
However, these two risk factors are very seldom
available in routine clinical setting. The IBIS pro-
gram was developed with breast cancer incidence
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rates of the United Kingdom and was recently
separately adapted for the Swedish and Slovenian
populations (S-IBIS software).'?

The IBIS program was validated on several
populations, varying both in age and geographic
location.”*101415 However, the performance of the
recently adapted S-IBIS in Slovenian population is
still unknown. We were particularly interested in
S-IBIS performance in two presumably above the
average breast cancer risk populations: (i) women
aged 40 to 49 years referred for any reason to di-
agnostic breast centres and (ii) women who were
diagnosed with breast cancer between the ages of
40 to 49.

The aim of our study was to conduct S-IBIS
calculations in the two aforementioned groups of
patients and determine the proportions of three
10-years breast cancer risk groups (population risk,
moderately increased and high risk) in both group
of patients.

Patients and methods

In this study two groups of patients were included:
1. 357 women aged 40-49 years attending oppor-
tunistic screening in 5 diagnostic breast centres

in central Slovenia in year 2014;

2. 367 women aged 40—49 at time of breast cancer
diagnosis, treated at the Institute of Oncology
Ljubljana between 2014 and 2019. Patients are
regularly followed up in outpatient clinics of the
Institute of Oncology Ljubljana.

All women were asked to answer a question-
naire about established risk factors for breast cancer
according to the IBIS requirements and family his-
tory of breast and ovarian cancer concerning first-
and second-degree relatives (Table 1). Women in
the breast cancer group were specifically asked to
provide data available at their age of 40. Personal
history of breast cancer diagnosis was not included
in the risk calculation for the breast cancer group.
Mammographic density and polygenic risk score
could not be included in the risk calculation due
to unavailable data, therefore these fields were left
blank. Results of genetic testing were also not in-
cluded as the testing was usually performed after
the diagnosis of breast cancer in the breast cancer
group. Women from the Breast centre group did
not fill the criteria for genetic testing and the test-
ing was therefore not performed.

Women with known genetic predisposition (i.e.
BRCA and other mutations) were not included in
the study. The majority of women who are carriers
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TABLE 1. Breast cancer risk factors used for 10-year breast
cancer risk calculation with S-IBIS software

Risk factor

Age (years)

Height

Weight

Age at menarche (years)

Age at first childbirth

Menopausal status

Hormone replacement therapy use

Benign breast disorder

Family history of breast cancer (breast cancer in first-
and second-degree relatives and age at presentation)

Family history of ovarian cancer (ovarian cancer in first-
degree relatives and age at presentation)

of a hereditary breast cancer related mutations are
already followed up in a dedicated centre and they
would not benefit from an improved population
screening but may ultimately alter the proportion
of women in the low and high-risk groups.

The participants were informed about the mean-
ing and use of the provided data and signed an in-
formed consent.

Based on the acquired data 10-year risk of breast
cancer for each woman with the S-IBIS software
was calculated.

For the purpose of a separate sub analysis the
patients were divided in two subgroups, age 40-44
and age 45-49. In the breast cancer group there
were 125 participants in the 40-44 years age group
and 242 participants in the 45-49 years group,
while in the breast centre group there were 153
participants in the 40-44 years age group and 204
participants in the 4549 years group.

In breast cancer patient group the personal di-
agnosis of breast cancer was not included in the
calculation of risk.

Breast cancer risk thresholds for the Slovenian
population as described in the literature (popula-
tion risk: below 2%, moderately increased risk:
2-6.5%, high risk: above 6.5%) were taken into ac-
count for assessment of performance of the S-IBIS
software.!?

IBM SPSS Statistics v25 was used to generate
data analysis. Mann-Whitney and Chi-square tests
was used to assess statistically significant differ-
ences in baseline data; p < 0.05 was considered sta-
tistically significant.

The study was approved by the National Ethics
Committee.

TABLE 2. Baseline characteristics of participants

337

Breast cancer

Breast Centre

group group
Age (yaars, mean)* 45.6 44.8
BMI, mean (kg/m2)* 24.3 24.8
Age at menarche (years, mean) 13.0 13.0
Nulliparity 10.5% 11.1%
Age at first childbirth (years, mean) 23.0 23.4
Positive family history for breast 48.8% 56.6%

and/or ovarian cancer*

* statistically significant difference was observed between the two groups (p < 0.05); BMI = Body

mass index

TABLE 3. Risk stratification for all participants and for age subgroups 40-44 years
and 45-49 years based on S-IBIS calculation for breast cancer patients and women
screened in Breast centre; risk categories for women aged 40 to 49 as in 2018

Slovenian guidelines

Population Moderately High risk
risk increased risk (>96 5%)
(<2%) (2-6.5 %) .
Breast cancer group - 10-year
breast cancer risk (age 40-49) 608 % 378% 14%
Breast centre group - 10-year
breast cancer risk (age 40-49) 513% 47.6% 11%
Breast cancer group - 10-year
breast cancer risk (age 40-44) 640% 344 % 1.6%
Breast centre group - 10-year
breast cancer risk (age 40-44) 58.2% 41.8% 0.0%
Breast cancer group - 10-year
breast cancer risk (age 45-49) 59.1% 39.7% 12%
Breast centre group - 10-year 461 % 51.9% 2.0%

breast cancer risk (age 45-49)

Results

The baseline characteristics of the two groups re-
garding the breast cancer risk factors are report-
ed in Table 2. Statistically significant differences
where noticed between the two groups while an-
alysing age, body mass index (BMI) and positive
family history for breast and/or ovarian cancer,
with participants in the Breast centre group being
younger, with higher BMI and positive family his-
tory in more cases.

The risk calculations for the whole popula-
tion and within each age subgroup are shown in
Table 3.

Discussion
S-IBIS risk calculation based on the included par-

ticipants” data identifies only 48.7% of women re-
ferred to Breast centres as above population breast
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cancer risk (10 years risk >2%). Furthermore S-IBIS
as used in our study identifies as above the popu-
lation risk 39.2% of women, who were diagnosed
with breast cancer. It should be once again noted
that some data such as mammographic density and
polygenic risk score (PRS) that could be included in
the risk calculation, could not be retrieved for the
participants of our study. Still, the identification of
almost 40% breast cancer patients as at above-aver-
age risk is a promising result, that is comparable to
results of other studies.!% ¢ However it is still wor-
risome that as much as 60% of patients diagnosed
with breast cancer in age group 40-49 would be di-
agnosed outside the screening program if women
were invited to breast cancer screening based on
S-IBIS risk calculation as it could be widely avail-
able at the present moment (that is, without data
about mammographic density and PRS). Therefore
our study showed that tailored mammographic
screening in the age group 40-49 in Slovenian
population cannot be organized based on this form
of S-IBIS alone. Assuming the expected less than
100% attendance rate of the invited population and
lower mammography sensitivity in this age group,
the proportion of diagnosed cancers would be even
lower. These data are in clear contrast to current
Slovenian screening program in age group 50-69
in which 70% of all cancers in this age group are
diagnosed within the screening program with an
average 75% attendance rate.?

Interestingly, a higher proportion of women
were identified as above population risk in healthy
women referred to breast centres for opportunis-
tic screening compared to breast cancer patients,
48.7% wvs. 39.7%, respectively. One of the reasons
could be the higher proportion of women with
positive family history and higher BMI in the
breast centre group. The reason for relatively poor
performance of the S-IBIS could be caused also by
some personal characteristics of Slovene women
that differ from other European populations where
IBIS was validated, e.g. the age at first childbirth in
Slovenia is lower than European average.?

When analysing the S-IBIS performance sepa-
rately in the 4044 year and 45-49 year age sub-
groups, we found that S-IBIS performed slightly
better in the age group 45-49 years compared to
younger age group (4044 years). The difference
was not big enough however to allow to draw dif-
ferent conclusions between the subgroups studied.

Extension of mammographic screening to wom-
en younger than 50 is a matter of debate, although
several studies have confirmed that the harms
of early screening do not outweighs the benefits.
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Over-diagnosis and false positive recalls in women
younger than 50 years and non-significant lower
breast cancer mortality between younger and older
breast cancer patients make early breast cancer
screening unreliable and unadvisable in the gen-
eral population.??> However, the problem of early
detection of breast cancer in women younger than
50 persists and as previously stated, screening of
women at higher-than-average risk of breast can-
cer seems one of the most feasible solutions. Based
on data presented, further steps in refining a breast
cancer risk calculation tool will have to be done
before a tailored screening is implemented, as the
inclusion of more breast cancer risk factors like
mammographic density. Mammographic density
is considered as a strong risk factor for breast can-
cer and, as already mentioned, can be included in
the S-IBIS calculation.”?> Another promising risk
factor is the polygenic risk score (PRS) based on
the presence of single nucleotide polymorphisms
(SNPs) related to breast cancer risk and which can
be also included in the S-IBIS calculation.?>® At
the present moment, there are numerous differ-
ent sets of SNPs being studied worldwide, none of
them yet approved to routine use. Of note, several
studies in European populations with higher than
Slovenian breast cancer incidence have shown that
both factors independently increase the sensitivity
of IBIS.?%0 Due to technical limitations both mam-
mographic density and PRS are not routinely in-
cluded in S-IBIS calculations throughout Slovenia,
therefore currently no data on value of mammo-
graphic density and PRS in Slovenian population
is available. Data are available for selected breast
centres and are yet to be analysed at the time writ-
ing this article. Studies with S-IBIS risk calcula-
tions that include these risk factors are necessary
and will have to be performed to further improve
the stratification of women in the breast cancer risk
groups and reveal the true potential of the S-IBIS
program.

Our study had several limitations. Since it is a
cross-sectional study, it lacks follow up and we
could not observe the eventual crossover between
the two groups. Only follow-up of the Breast cen-
tre group until the age of 50 would reveal the per-
cent of overlap between the two groups and the
true quality of risk stratification based on risks
calculated by S-IBIS. Due to inability to assess the
proportion of women undergoing early screening
that would develop breast cancer before the age of
50, statistical comparison between the two groups
was not performed, as it would lead to false as-
sumptions. Furthermore, the non-systematic ac-
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crual of women referred to opportunistic screening
in Breast centres can result in high proportion of
women at average breast cancer risk in the Breast
centre group. Despite these limitations however,
our study demonstrated the inability of the S-IBIS
alone to reliably stratify women between the breast
cancer risk groups. We acknowledge that a pro-
spective study would give clearer and more reli-
able data, but in the given settings only a retrospec-
tive analysis was possible and perhaps necessary
to plan a valid perspective study.

Conclusions

In conclusion, risk stratification based on S-IBIS
calculation confirmed that at least half of women
referred to regional Breast centres have above-
average 10-year breast cancer risk and are entitled
to regular screening prior to age 50 according to
Slovenian guidelines. However, more than half of
breast cancer patients aged 40-49 would not be se-
lected for early tailored screening based on S-IBIS
calculations with the chosen risk factors. Inclusion
of additional risk factors (as mammographic breast
density or PRS) into the S-IBIS is warranted in the
populations with breast cancer incidence below
European average to reliably stratify women into
breast cancer risk groups. Tailored mammography
screening in age group 4049 based on S-IBIS alone
can not be organized.

Acknowledgment

The study was supported by the research program
of the Slovenian research agency P3-0352.

References

1. Ferlay J, Colombet M, Soerjomataram |, Gavin A, Visser O, Bray F, et al.
Cancer incidence and mortality patterns in Europe: Estimates for 40 coun-
tries and 25 major cancers in 2018. Eur J Cancer 2018; 103: 356-87. doi:
10.1016/j.ejca.2018.07.005

2. Zadnik V, Zagar T. SLORA: Slovenia and Cancer. Epidemiology and Cancer
Registry. Institute of Oncology Ljubljana. [cited: 2019 Dec 20 ]. Available
from: www.slora.si

3. Cancer in Slovenia 2016. Ljubljana: Institute of Oncology Ljubljana,
Epidemiology and Cancer Registry, Slovenian Cancer Registry; 2019.

4. Krajc M. National breast cancer screening programme DORA. Residential
public health thesis. [Slovenian]. Ljubljana: Institute of Oncology Ljubljana;
2009. 202 p.

5. Schinemann HJ, Lerda D, Quinn C, Follmann M, Alonso-Coello P, Giorgi
Rossi P, et al. Breast cancer screening and diagnosis: a synopsis of the
European Breast Guidelines. Ann Intern Med 2020; 172: 46-56. doi:
10.7326/M19-2125

10.

11

12.

13.

14.

15.

16.

17.

18.

19.

20.

21

22.

23.

Borstnar S, Blatnik A, Perhavec A, Gazi¢ B, Vidergar-Kralj B, Matos E, et al.
Recommendations for diagnosis and treatment of patients with breast
cancer (Part 1). [Slovenian]. Onkologija 2019; 23: 40-53. doi: 10.25670/
0i2019-0060n

Amir E, Freedman OC, Seruga B, Evans DG. Assessing women at high risk of
breast cancer: a review of risk assessment models. J Nat/ Cancer Inst 2010;
102: 680-91. doi: 10.1093/jnci/djq088

Tyrer J, Duffy SW, Cuzick J. A breast cancer prediction model incorporating
familial and personal risk factors. Stat Med 2004; 23: 1111-30. doi: 10.1002/
sim.1668

Tice JA, Bissell MCS, Miglioretti DL, Gard CC, Rauscher GH, Dabbous FM,
et al. Validation of the breast cancer surveillance consortium model of
breast cancer risk. Breast Cancer Res Treat 2019; 175: 519-23. doi: 10.1007/
510549-019-05167-2

Dite GS, Maclnnis RJ, Bickerstaffe A, Dowty JG, Allman R, Apicella C, et al.
Breast cancer risk prediction using clinical models and 77 independent
risk-associated SNPs for women aged under 50 years: Australian breast
cancer family registry. Cancer Epidemiol Biomarkers 2016; 25: 359-65. doi:
10.1158/1055-9965.EPI-15-0838

Brentnall AR, Harkness EF, Astley SM, Donnelly LS, Stavrinos P, Sampson S,
et al. Mammographic density adds accuracy to both the Tyrer-Cuzick and
Gail breast cancer risk models in a prospective UK screening cohort. Breast
Cancer Res 2015; 17: 147. doi: 10.1186/s13058-015-0653-5

Brentnall AR, Evans DG, Cuzick J. Distribution of breast cancer risk from SNPs
and classical risk factors in women of routine screening age in the UK. BrJ
Cancer 2014; 110: 827-8. doi: 10.1038/bjc.2013.747

Zadnik V, Krajc M. Development and implementation of personalised breast
cancer risk evaluation tool for Slovenian population. [Slovenian]. Onkologija
2018; 22: 6-10. doi: 10.25670/0i2018-0160n

Laitman Y, Simeonov M, Keinan-Boker L, Liphshitz I, Friedman E. Breast
cancer risk prediction accuracy in Jewish Israeli high-risk women using the
BOADICEA and IBIS risk models. Genet Res (Camb) 2013; 95: 174-7. doi:
10.1017/50016672313000232

Quante AS, Whittemore AS, Shriver T, Strauch K, Terry MB. Breast cancer
risk assessment across the risk continuum: genetic and nongenetic risk
factors contributing to differential model performance. Breast Cancer Res
2012; 14: R144. doi: 10.1186/bcr3352

Stevanato KP, Pedroso RB, lora P, dos Santos L, Castilho Pelloso F, de
Melo WA, et al. Comparative analysis between the Gail, Tyrer-Cuzick and
BRCAPRO models for breast cancer screening in Brazilian population. Asian
Pac J Cancer Prev 2019; 20: 3407-13. doi: 10.31557/APJCP.2019.20.11.3407

Weiss A, Grossmith S, Cutts D, Mikami SA, Suskin JA, Knust Graichen M, et al.
Customized breast cancer risk assessment in an ambulatory clinic: a portal
for identifying women at risk. Breast Cancer Res Treat 2019; 175: 229-37.
doi: 10.1007/510549-018-05116-5

Coopey SB, Acar A, Griffin M, Cintolo-Gonzalez J, Semine A, Hughes KS. The
impact of patient age on breast cancer risk prediction models. Breast J 2018;
24:592-8. doi: 10.1111/tbj.12976

Allman R, Dite GS, Hopper JL, Gordon O, Starlard-Davenport A, Chlebowski
R, et al. SNPs and breast cancer risk prediction for African American and
Hispanic women. Breast Cancer Res Treat 2015; 154: 583-9. doi: 10.1007/
510549-015-3641-7

Mean age of women at birth of first child, 2017. Eurostat. [cited: 2019 Dec
20]. Available at: https://ec.europa.eu/eurostat/web/products-eurostat-
news/-/DDN-20190318-1?fbclid=IwARO0j_8KDUgMFY-Tca_wqFn3qHVxk-
g4IPSeZb2Vg2zGrBh_B5K8r4hOl-Hys

Bucchi L, Ravaioli A, Baldacchini F, Giuliani O, Mancini S, Vattiato R, et al.
Annual mammography at age 45-49 years and biennial mammography
at age 50-69 years: comparing performance measures in an organised
screening setting. Eur Radiol 2019; 29: 5517-27. doi: 10.1007/s00330-019-
06050-w

van den Ende C, Oordt-Speets AM, Vroling H, van Agt HME. Benefits and
harms of breast cancer screening with mammography in women aged
40-49 years: a systematic review. Int J Cancer 2017; 141: 1295-306. doi:
10.1002/ijc.30794

Boyd NF, Byng JW, Jong RA, Fishell EK, Little LE, Miller AB, et al. Quantitative
classification of mammographic densities and breast cancer risk: results
from the Canadian national breast screening study. J Natl Cancer Inst 1995;
87: 670-5. doi: 10.1093/jnci/87.9.670

Radiol Oncol 2020; 54(3): 335-340.

339



340 Oblak T et al. / Breast cancer risk based on adapted IBIS prediction model

24. Boyd NF, Guo H, Martin LJ, Sun L, Stone J, Fishell E, et al. Mammographic
density and the risk and detection of breast cancer. N EnglJ Med 2007; 356:
227-36. doi: 10.1056/NEJM0a062790

25. Byrne C, Schairer C, Wolfe J, Parekh N, Salane M, Brinton LA, et al.
Mammographic features and breast cancer risk: effects with time, age,
and menopause status. J Nat/ Cancer Inst 1995; 87: 1622-9. doi: 10.1093/
jnci/87.21.1622

26. Mavaddat N, Pharoah PDP, Michailidou K, Tyrer J, Brook MN, Bolla MK, et
al. Prediction of breast cancer risk based on profiling with common genetic
variants. J Natl Cancer Inst 2015; 107: djv036. doi: 10.1093/jnci/djv036

27. Rudolph A, Song M, Brook MN, Milne RL, Mavaddat N, Michailidou K, et al.
Joint associations of a polygenic risk score and environmental risk factors for
breast cancer in the Breast Cancer Association Consortium. Int J Epidemiol
2018; 47: 526-36. doi: 10.1093/ije/dyx242

28. Brentnall AR, Evans DG, Cuzick J. Distribution of breast cancer risk from SNPs
and classical risk factors in women of routine screening age in the UK. BrJ
Cancer 2014; 110: 827-8. doi: 10.1038/bjc.2013.747

29. Vachon CM, Scott CG, Tamimi RM, Thompson DJ, Fasching PA, Stone J, et al.
Joint association of mammographic density adjusted for age and body mass
index and polygenic risk score with breast cancer risk. Breast Cancer Res
2019; 21: 68. doi: 10.1186/s13058-019-1138-8

30. Zhang X, Rice M, Tworoger SS, Rosner BA, Eliassen AH, Tamimi RM, et al.
Addition of a polygenic risk score, mammographic density, and endog-
enous hormones to existing breast cancer risk prediction models: A nested
case-control study. PLoS Med 2018; 15: €1002644. doi: 10.1371/journal.
pmed.1002644

31. Brentnall AR, van Veen EM, Harkness EF, Rafiq S, Byers H, Astley SM, et al. A
case-control evaluation of 143 single nucleotide polymorphisms for breast
cancer risk stratification with classical factors and mammographic density.
Int J Cancer 2020; 146: 2122-9. doi: 10.1002/ijc.32541

Radiol Oncol 2020; 54(3): 335-340.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 100
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 300
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 800
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ([Based on '[Smallest File Size]'] Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 6.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


