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Abstract

Background: The Gail model is the most well-known tool for breast cancer risk assessment worldwide. Although it
was validated in various Western populations, inconsistent results were reported from Asian populations. We used data
from a large case-control study and evaluated the discriminatory accuracy of the Gail model for breast cancer risk
assessment among the Iranian female population.
Methods: We used data from 942 breast cancer patients and 975 healthy controls at the Cancer Institute of Iran,
Tehran, Iran, in 2016. We refitted the Gail model to our case-control data (the IR-Gail model). We compared the
discriminatory power of the IR-Gail with the original Gail model, using ROC curve analyses and estimation of the area
under the ROC curve (AUC).
Results: Except for the history of biopsies that showed an extremely high relative risk (OR=9.1), the observed ORs
were similar to the estimates observed in Gail's study. Incidence rates of breast cancer were extremely lower in Iran
than in the USA, leading to a lower average absolute risk among the Iranian population (2.78, ±SD 2.45). The AUC
was significantly improved after refitting the model, but it remained modest (0.636 vs. 0.627, ΔAUC = 0.009, bootstrapped P=0.008). We reported that the cut-point of 1.67 suggested in the Gail study did not discriminate between
breast cancer patients and controls among the Iranian female population.
Conclusion: Although the coefficients from the local study improved the discriminatory accuracy of the model, it
remained modest. Cohort studies are warranted to evaluate the validity of the model for Iranian women.
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Introduction
With an estimated 2 million cancer cases diagnosed in 2018 (24% of all cancers), breast cancer
is the most common malignancy among women
worldwide (1). Incidence and mortality rates of
breast cancer are growing in low and middle-

income countries (LMICs), including Iran (2-4).
Because of the younger age structure of the population in the LMICs, the proportion of premenopausal breast cancer is significantly higher in these
countries compared to the high-income countries
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(HICs) (5). Therefore, there are debates to start
prevention programs at an earlier age in the
LMICs (6). Mammography screening is the most
promising tool for early detection of breast cancer
(2), and it has led to a decrease in the mortality rate
of breast cancer worldwide (7-9). However, due to
a higher rate of false-positive reports in young
women, it is not an appropriate screening test for
this age group (10). Moreover, mammography
screening is not cost-effective in Iran and other
LMICs (11, 12). Thus, risk assessment tools can
help to define high-risk groups and design personalized screening programs in these countries (1315).
The Gail model was developed in 1989 has been
used widely to predict the risk of breast cancer
based on the major risk factors (16). Later, by incorporating the age-specific breast cancer rates
from Surveillance, Epidemiology, and End Results
Program (SEER), it was modified to "Gail model
2" to estimate absolute risk for developing invasive breast cancer (17). The original model was
developed in the USA, where the association of
the risk factors and the incidence and mortality
rates of breast cancer are different from other
countries (15), especially from the Asian
population and other LMICs (18-21). Several studies evaluated the validity and accuracy of the Gail
model in different countries and specific ethnic
populations in the USA (22-24). Gail model is
valid for estimating the 5-year and lifetime risk of
breast cancer in different populations, especially in
the USA and Europe (23). Therefore, the model
seems to be a useful tool for risk assessment in the
clinics and breast cancer prevention programs
such as tamoxifen prescription (25).
Despite the validity of the Gail model for risk
assessment, the discriminatory power (the area
under the ROC curve or AUC statistic) of the
model has been modest in almost all studies. The
summary of the AUC in a meta-analysis of 29
studies was 0.60 (95% CI 0.58-0.62), indicating
that the model is not working accurately in
identifying the high-risk groups for populationbased interventions (23). Therefore, several research groups tried to add other risk factors, including clinical and genetic data, to improve the
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sensitivity and specificity of the model and optimize its discriminatory power for risk assessment
in different populations (24). The most promising
results were reported in the USA (26) and Sweden
(27,28), in which the AUC increased up to about
0.70.
A few studies evaluated the performance of the
Gail model among Iranian women (29-35).
However, they used a small sample size and did
not use local estimates for breast cancer incidence
and mortality rates. We used local estimates and
utilized ORs from a large case-control study in
Iran and studied the discriminatory accuracy of the
Gail model for breast cancer risk assessment
among the Iranian female population.

Materials and Methods
Study design

We used data from a hospital-based, case-control
study conducted at the Cancer Institute of Iran,
Tehran, Iran, in 2016. The methods of recruitment of the cases and controls and study design
have been described in detail elsewhere (36). In
brief, cases were 942 incident patients, and controls were 975 healthy visitors who were frequency-matched for age in five-year categories and
residential place.

Statistical analysis

In the current study, similar to Gail et al. (16), we
approximated relative risks (RRs) by estimating
odds ratios (ORs) obtained from a logistic
regression model that included age at menarche
(AGEMEN) [coded as ≥14 (0), 12- 13 (1), or <12
(2)], number of previous breast biopsies
(NBIOPS) [coded as 0 (0), 1 (1), or ≥ 2 (2)], age at
first live birth (AGEFLB) [coded as <20 (0), 2024 (1), 25- 29 or nulliparous (2), or ≥30 (3)], and
number of first-degree relatives (mother or sisters)
with breast cancer (NUMREL) [coded as 0 (0), 1
(1), or ≥2 (2)], as well as AGECAT [categorized as
<50 or ≥50] and interactions between AGECAT
and NBIOPS and between AGEFLB and
NUMREL.
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Variables were coded according to the categories
provided in the original Gail model (16). We did
not collect information on the presence of atypical
hyperplasia on previous biopsies in this study.
Absolute risk is the probability that a healthy subject free of cancer at age α will develop breast cancer in a subsequent age interval. Suppose (α, α +∆]
is the time interval of interest. Then, the absolute
risk is given by:

P(α, ∆, r(t))=
𝛼+∆

∫
𝛼

𝑡

ℎ1 (𝑡)𝑟(𝑡)exp{− ∫ ℎ1 (𝑢)𝑟(𝑢)𝑑𝑢}
𝛼
𝑡

𝑆2 (𝑡)
𝑑𝑡
𝑆2 (𝛼)

Where 𝑆2 (𝑡) = exp {− ∫𝛼 ℎ1 (𝑢)𝑟(𝑢)𝑑𝑢} is the
probability of surviving competing risks (causes of
death other than breast cancer) up to age t, the age
at which a woman will survive without developing
breast cancer. In this equation, the term
S2(𝑡)/S2(α) corresponds to the conditional probability of surviving competing risks from age α to t.
The exponential term corresponds to surviving
without breast cancer from age α to age t. There is
an instantaneous probability h1(t)r(t)dt of developing breast cancer at age t. The baseline hazard,
h1(t), is estimated by multiplying age-specific
breast cancer incidence rates ℎ1∗ (𝑡), by a conversion factor equal to one minus the population attributable risk (1-AR). The age-specific risk of dying from causes other than breast cancer is represented by h2(t) and is assumed to be the same for
all individuals. We assumed h1, h2, and r to be constant within 5-year intervals.
We combined the case-control data with the estimated age-specific breast cancer incidence rate
(ASR) from the population-based cancer registry
and the competing mortality rates from the national report on all-cause mortality among Iranian
women. We converted RRs to 5-year and lifetime
absolute risks using baseline age-specific breast
cancer hazard rate and competing mortality rate.
We assessed the performance of the modified
model (the IR-Gail model) and studied the
discriminatory power using ROC curve analyses
and estimation of AUC. Goodness-of-fit was
assessed using the Hosmer-Lemeshow test
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(P>0.05). We applied bootstrap resampling to calculate confidence intervals (CIs) for the AUC and
P-values for differences in AUC. Considering
three risk categories, we used a reclassification
chart to assess the model regarding the assignment
of women to low, intermediate, and high-risk
categories, based on 5-year absolute risk estimates.
Three cut-off values were determined by the first,
second, and third quartiles of predicted risk by the
Gail model. We used R statistical software (version
3.4.1) and utilized BCRA and ROCR packages for
statistical analysis.
The study was approved by the Research Ethics
Committee
of
TUMS
(code:
IR.TUMS.FNM.REC.1395.618.).

Results
We used data from 942 breast cancer patients and
975 controls in this study for breast cancer risk assessment (Table 1).
We found positive associations between breast
cancer and different risk factors, including the previous breast biopsies (OR=9.12), age at first live
birth (OR=1.5), positive family history of breast
cancer (OR=2.52), and age (OR=1.25) (Table 2).
The interaction between "number of biopsies" and
"age" was statistically significant (P=0.003). ORs
reported in the Gail study were almost similar to
this study, except for the number of the previous
biopsies, of which the OR was considerably higher
(OR=9.12) than the estimate provided in Gail's
(OR= 1.7(.
Age-specific incidence rates of breast cancer were
considerably lower than the rates used in the Gail
study. The peak incidence rate was 110 per
100,000 in age 50-54 yr in Iranian women, while it
was 443 per 100,000 in age 75-79 yr among the US.
Despite a similar trend, the competing mortality
rate was lower among Iranian women after the age
of 85 years (Fig. 1).
The average 5-year risks of invasive breast cancer
in cases and controls were 0.70 (±1.73) and 0.37
(±1.49), respectively.
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Table 1: Distribution of risk factors of the Gail model among cases and controls
Predictive Factors (code NO.)
NUMBIOP1
0 (0)
1 (1)
≥2 (2)
AGEFLB2
<20 (0)
20- 24 (1)
25- 29 or nulliparous (2)
≥30 (3)
AGEMEN3
≥14 (0)
12- 13 (1)
<12 (2)
NUMREL4
0 (0)
1 (1)
≥2 (2)
Age
<50 (0)
≥50 (1)

Cases (n=942)

Controls (n=975)

n

%

n

%

869
67
6

92.2
7.1
0.6

960
13
2

98.5
1.3
0.2

424
281
149
88

45
29.8
15.8
9.3

573
284
78
40

58.8
29.1
8
4.1

431
377
134

45.8
40
14.2

438
435
102

44.9
44.6
10.5

870
58
14

92.4
6.2
1.5

947
25
3

97.1
2.6
0.3

579
363

61.5
38.5

638
337

65.4
34.6

1 Number of previous breast biopsies
2 Age at first live birth
3 Age at menarche
4 Number of first-degree relatives (mother or sisters) with breast cancer
Table 2: Comparison of the coefficient estimates of logistic regression and relative risks between our study and
Gail's model
Predictive Factors
Intercept
AGEMEN
NBIOPS
AGEFLB
NUMREL
AGECAT
NBIOPS*AGECAT
AGEFLB*NUMREL

Iran
Coefficient
-0.57126
0.07689
2.21061
0.40709
0.92584
0.22382
-1.65308
-0.11903

OR
0.56
1.08
9.12
1.5
2.52
1.25
0.19
0.89

Gail
P-value
<0.0001
0.2676
<0.0001
<0.0001
0.0002
0.0247
0.0032
0.6083

Coefficient
-0.3286
0.09401
0.52926
0.21863
0.95830
0.01081
0.28804
0.19081

OR
0.47
1.1
1.7
1.24
2.61
1.01
1.33
1.21

The mean lifetime risk was 3.92 (±4.96) in cases and 2.78 (±2.45) in the control group (Table 3). We observed
an AUC of 0.63 (95% CI=0.61-0.66) for the IR-Gail, compared with an AUC of 0.62 (95% CI=0.60-0.65)
for the original Gail model. The difference in AUCs was statistically significant (ΔAUC = 0.009, bootstrapped P=0.008) (Fig. 2). The Hosmer-Lemeshow test revealed that the IR-Gail model fitted the data well
(P=0.525).
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Fig. 1: Comparison of the age-specific incidence rates (ASRs) and mortality rates of breast cancer in Iran and the
USA population

Fig. 2: ROC analysis of the discriminatory accuracy of the Gail model among Iranian women
Table 3: Descriptive statistics of age, and 5-year and lifetime risk of breast cancer in patients (n=942) and control
(n=975)
Variable
Cases
Controls
Age (yr), Mean (SD)
5-year risk (%), Mean, SD
Mean(±SD)
Median
N (%), higher than 1.67
N (%) lower than 1.67
Lifetime risk (%), Mean, SD
Mean(±SD)
Median

2209

47 (10.1)

45.1 (10.8)

0.70 (1.73)
0.38
57 (4%)
885 (94%)

0.37 (1.49)
0.31
7 (1%)
960 (99%)

3.92 (4.96)
2.64

2.78 (2.45)
2.30
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Discussion
We used data from a large case-control study and
evaluated the discriminatory accuracy of the Gail
model for breast cancer risk assessment. Previous
breast biopsies had a strong association with the
risk of breast cancer (OR=9.12) compared to the
estimates provided in Gail's study (16), which
could be due to the lack of a population-based
screening program in Iran (3, 37). OR of other risk
factors were almost similar to the reports provided
by other countries, including the results of the Gail
study. Although recalculating coefficients
improved the predictive accuracy of the model
significantly (bootstrapped P=0.008), similar to
those from studies conducted in other countries,
the AUC was modest, and it did not reach an
appropriate threshold for classification of the
female population to the high- and low-risk group
in the population level.
A particular strength of this large, well-designed
case-control study was the statistical power and
precise estimation of relevant risk factors necessary for the Gail model. Patients from all over the
country are visiting the Cancer Institute of Iran
(37), indicating that data from this study could be
a reasonable cross-representative sample from all
over the country and generalizer the results to
Iran. We used national estimates for the age-specific incidence rate of breast cancer and all-cause
mortality among the Iranian population. However,
this study faced some limitations. Our data totally
consisted of the Iranian female population. As
none of the race/ethnicity categories within the
Gail model mapped to the ethnic profile of Asian
women, we considered race status as unknown
due to homogeneity. Different ethnic groups live
in Iran, including Farses, Turks, Kurds, Arabs, etc.
and their risk may vary. Unfortunately, we did not
have data on the variation of cancer risk by ethnic
groups to incorporate in the model. It remains a
priority for the future when such data is available.
Moreover, we lacked data on the history of atypical hyperplasia status for women with prior breast
biopsies and considered them unknowns in the
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analysis. However, due to the lack of a comprehensive breast cancer screening program in Iran
and a reasonably low incidence of atypical hyperplasia (3), this limitation is unlikely to affect the results of this study. Since opportunistic screening is
increasing in Iran, we suggest reviewing pathology
reports, including this variable and other screening
related data such as breast density in future studies.
The American Society of Clinical Oncology
(ASCO) guideline recommended that women with
a 5-year projected breast cancer risk of 1.67% or
greater, which is that of an average 60-year-old
woman, may benefit from chemopreventive by tamoxifen (38). This cut point was first used in the
Breast Cancer Prevention Trial (BCPT), a trial that
reported an almost 50% reduction in breast cancer
risk among women given tamoxifen (39). However, the Gail model uses data from white American women. Using breast cancer incidence and
mortality rates in each population may improve
the calibration of the Gail model (40, 41).
Several studies evaluated the discriminatory accuracy of the Gail model. Based on a recent metaanalysis (23), the summary of AUC obtained from
these studies was about 0.60, indicating that the
power of the Gail model for discrimination
between breast cancer patients and the general
healthy population is relatively low. The AUC in
this study was slightly higher (0.63), indicating that
the discriminatory role of the Gail model is similar
to other populations and the Gail model is applicable for Iranian women.
Unfortunately, we could not evaluate the
calibration of the model and the accuracy of the
cut points in a cohort study. A recent metaanalysis based on 29 studies showed that the Gail
model slightly overestimates the risk of breast
cancer (23). Summary estimates of the expected to
the observed ratio (E/O) were 1.16 (95% CI:
10.05-1.30). The summary E/O ratio was 1.02
(95% CI: 0.93-1.12) in the US and 1.05 (95% CI:
0.68-1.63) in Europe. However, the summary of
the E/O ratio was considerably higher in Asian
countries (E/O: 1.98, 95% CI: 1.58-2.48). No
study has so far evaluated the validity of the Gail
model in Iran and other Western Asian and
African countries. Cohort studies are warranted to
2210
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verify the validity of the Gail model in Iran and
other countries in this region.
Several research groups tried to include additional
behavioral, clinical, and genetic risk factors (24).
For instance, they considered BMI (27, 40, 41), behavioral factors such as breastfeeding (15, 19, 42)
and hormone replacement therapy (HRT) use
(28), biochemical data such as nipple aspirate fluid
(NAF) cytology (43), radiological data such as BIRADS features (26, 44) and mammographic density (27, 45, 46), and genetic variants such as single
nucleotide polymorphisms (SNPs) (47, 48). Eriksson et al. (28) developed a prediction model and
included HRT use, family history of breast cancer,
menopausal status, and mammographic features
into consideration. Based on data from a large cohort study, the AUC of their new model reached
0.71 compared to the AUC of 0.56 for the Gail
model. Wu et al. (26) could significantly improve
the discrimination by adding Genetic variants and
mammographic features to the Gail model (from
AUC of 0.59 to 0.73). Adding mammographic PD,
BMI, and 18 SNPs to the Gail model improves the
AUC from 0.55 to 0.62 (27). Attempts to improve
risk assessment tools for breast cancer risk is ongoing, and scientists hope to reach an optimal tool
for defining high-risk group and prevent breast
cancer among this group.

Conclusion
The AUC of the Gail model was almost similar to
that of other studies conducted in the USA and
other countries. The Gail model has a modest
discriminatory power to predict the risk of
developing breast cancer among the Iranian
female population. Cohort studies are still required
to evaluate the validity of the model for the Iranian
population.

Ethical considerations
Ethical issues (including plagiarism, informed
consent, misconduct, data fabrication and/or
falsification,
double
publication
and/or

2211

submission, redundancy, etc.) have
completely observed by the authors.

been

Acknowledgments
This study was a part of the M.Sc. thesis of the first
author supported by Tehran University of Medical
Sciences. The authors wish to thank Dr. Mitchell
H. Gail, Senior Investigator of the Division of
Cancer Epidemiology & Genetics, Biostatistics
Branch at NCI, for his review and comments on
the manuscript.

Conflict of interest
The authors declare that there is no conflict of
interest.

References
1. GLOBOCAN (2018). Estimated number of new
cancer cases in 2018, worldwide, all cancers,
females,
all
ages.
https://acsjournals.onlinelibrary.wiley.com/d
oi/full/10.3322/caac.21492
2. Rouhollahi
MR,
Mohagheghi
MA,
Mohammadrezai N, et al (2014). Situation
analysis of the National Comprehensive
Cancer Control Program (2013) in the I. R. of
Iran; assessment and recommendations based
on the IAEA imPACT mission. Arch Iran Med,
17(4):222-31.
3. Mohebbi E, Nahvijou A, Hadji M, et al (2017).
Iran Cancer Statistics in 2012 and Projection of
Cancer Incidence by 2035. Basic & Clinical
Cancer Research 9:3-22.
4. Rashidian H, Daroudi R, Ghiasvand R, Harirchi
I, Zendehdel K (2013). Prevalence and
Incidence
of
premenopausal
and
postmenopausal breast cancer in Iran in 2010.
Basic & Clinical Cancer Research, 5:2-10.
5. Ghiasvand R, Adami H-O, Harirchi I, et al
(2014). Higher incidence of premenopausal
breast cancer in less developed countries; myth
or truth? BMC cancer, 14:343.
6. El Saghir NS, Khalil MK, Eid T, El Kinge AR, et
al (2007). Trends in epidemiology and
management of breast cancer in developing

Available at:

http://ijph.tums.ac.ir

Rostami et al.: Discriminatory Accuracy of the Gail Model for Breast Cancer …

7.
8.

9.

10.

11.

12.
13.

14.

15.

16.

17.

Arab countries: a literature and registry
analysis. Int J Surg, 5(4):225-33.
Myers ER, Moorman P, Gierisch JM, et al (2015).
Benefits and harms of breast cancer screening:
a systematic review. JAMA, 314:1615-1634.
Nyström L, Bjurstam N, Jonsson H, et al (2017).
Reduced breast cancer mortality after 20+
years of follow-up in the Swedish randomized
controlled mammography trials in Malmö,
Stockholm, and Göteborg. J Med Screen,
24(1):34-42.
Tabár L, Vitak B, Chen TH-H, et al (2011).
Swedish two-county trial: impact of
mammographic screening on breast cancer
mortality during 3 decades. Radiology,
260(3):658-63.
Akbari ME, Haghighatkhah H, Shafiee M, et al
(2012). Mammography and ultrasonography
reports compared with tissue diagnosis--an
evidence based study in Iran, 2010. Asian Pac J
Cancer Prev, 13(5):1907-10.
Barfar E, Rashidian A, Hosseini H, et al (2014).
Cost-effectiveness
of
mammography
screening for breast cancer in a low
socioeconomic group of Iranian women. Arch
Iran Med, 17(4):241-5.
Warner E (2011). Clinical practice. Breast-cancer
screening. N Engl J Med, 365:1025-32.
Mokarian F, Mokarian S, Ramezani A (2013).
Relations of disease-free survival and overall
survival with age and primary metastases in
patients with breast cancer. Journal of Isfahan
Medical School, 31(225):112-20.
Amir E, Freedman OC, Seruga B, Evans DG
(2010). Assessing women at high risk of breast
cancer: a review of risk assessment models. J
Natl Cancer Inst, 102(10):680-91.
Zhao J, Song X, Leng L, et al (2017). Evaluation
of risk assessment tools for breast cancer
screening in Chinese population. Int J Clin Exp,
10:3582-3587.
Gail MH, Brinton LA, Byar DP, et al (1989).
Projecting individualized probabilities of
developing breast cancer for white females
who are being examined annually. J Natl Cancer
Inst, 81(24):1879-86.
Costantino JP, Gail MH, Pee D, Anderson S, et al
(1999). Validation Studies for Models
Projecting the Risk of Invasive and Total
Breast Cancer Incidence. J Natl Cancer Inst,
91(18):1541-8.

Available at:

http://ijph.tums.ac.ir

18. Chay WY, Ong WS, Tan PH, et al (2012).
Validation of the Gail model for predicting
individual breast cancer risk in a prospective
nationwide study of 28,104 Singapore women.
Breast Cancer Res, 14:R19.
19. Ulusoy C, Kepenekci I, Kose K, Aydintug S, Cam
R (2010). Applicability of the Gail model for
breast cancer risk assessment in Turkish
female population and evaluation of
breastfeeding as a risk factor. Breast Cancer Res
Treat, 120(2):419-24.
20. Abdulbari B, Funda Ç, Hanadi REA, et al (2017).
Assessing Breast Cancer Risk Estimates Based
on the Gail Model and Its Predictors in Qatari
Women. J Prim Care Community Health,
8(3):180-187.
21. Ewaid S (2017). Breast cancer risk assessment by
Gail Model in women of Baghdad. Alexandria
Journal of Medicine, 53 (2):183-186.
22. Anothaisintawee T, Teerawattananon Y,
Wiratkapun C, et al (2012). Risk prediction
models of breast cancer: a systematic review of
model performances. Breast Cancer Res Treat,
133(1):1-10.
23. Wang X, Huang Y, Li L, et al (2018). Assessment
of performance of the Gail model for
predicting breast cancer risk: a systematic
review and meta-analysis with trial sequential
analysis. Breast Cancer Res, 20(1):18.
24. Meads C, Ahmed I, Riley RD (2012). A systematic
review of breast cancer incidence risk
prediction models with meta-analysis of their
performance. Breast Cancer Res Treat,
132(2):365-77.
25. Gail MH, Pfeiffer RM (2005). On criteria for
evaluating models of absolute risk. Biostatistics,
6(2):227-39.
26. Wu Y, Liu J, Rio AMd, et al (2015). Developing a
clinical utility framework to evaluate prediction
models in radiogenomics. Proc SPIE Int Soc Opt
Eng ,9416:941617.
27. Darabi H, Czene K, Zhao W, et al (2012). Breast
cancer risk prediction and individualised
screening based on common genetic variation
and breast density measurement. Breast
Cancer Res, 14(1):R25.
28. Eriksson M, Czene K, Pawitan Y, et al (2017). A
clinical model for identifying the short-term
risk of breast cancer. Breast Cancer Res,
19(1):29.

2212

Iran J Public Health, Vol. 49, No.11, Nov 2020, pp.2205-2213

29. Hosseinpour R, HAJI NE, Ranjpoor F, et al
(2011). Evaluation of the risk of breast cancer,
based on the Gail model, in women of more
than 35 years old: at health centers of Yasouj
during 2010-2011. Iranian Journal of Surgery,
20(3):13-20.
30. Khazaee-Pool M, Majlessi F, Nedjat S, et al
(2016). Assessing Breast Cancer Risk among
Iranian Women Using the Gail Model. Asian
Pac J Cancer Prev, 17(8):3759-62.
31. Mirghafourvand M, Mohammad-AlizadehCharandabi S, Ahmadpour P, Rahi P (2016).
Breast Cancer Risk Based on the Gail Model
and its Predictors in Iranian Women. Asian Pac
J Cancer Prev, 17(8):3741-5.
32. Omranipour R, Karbakhsh M, Behforouz A, et al
(2015). Performance of the Gail Model for
Breast Cancer Risk Assessment in Iranian
Women. Archives of Breast Cancer, 2(1):27-31.
33. Panahi G, Shabahang H, Sahebghalam H (2008).
Breast cancer risk assessment in Iranian
women by Gail model. Med J Islam Repub Iran,
22:37-39.
34. Seyed Noori T, Zahmatkesh T, Molaei T, et al
(2008). Evaluation of the Risk of Developing
Breast Cancer by Utilizing Gail Model. Iranian
Journal of Breast Diseases, 1:53-57.
35. Shirali R, Asad Elahi K, Asad Elahi P (2010). Risk
perception and preventive issues for breast
cancer among female employees. International
Journal of Cancer Management (Iranian Journal Of
Cancer Prevention), 3(4)166-173.
36. Maleki F, Fotouhi A, Ghiasvand R, et al (2020).
Association of physical activity, body mass
index and reproductive history with breast
cancer by menopausal status in Iranian
women. Cancer Epidemiol,67,101738.
37. Sadeghi F, Ardestani A, Hadji M, Mohagheghi
MA, et al (2017). Travel Burden for Cancer
Patients in Iran: Analysis of 1700 Patients from
the Cancer Institute of Iran. Arch Iran Med,
20(3):147-152.
38. Chlebowski RT, Collyar DE, Somerfield MR,
Pfister DG (1999). American Society of
Clinical Oncology technology assessment on
breast cancer risk reduction strategies:
tamoxifen and raloxifene. J Clin Oncol,
17(6):1939-55.

2213

39. Fisher B, Costantino JP, Wickerham DL, et al
(1998). Tamoxifen for prevention of breast
cancer: report of the National Surgical
Adjuvant Breast and Bowel Project P-1 Study.
J Natl Cancer Inst, 90(18):1371-88.
40. McCarthy AM, Keller B, Kontos D, et al (2015).
The use of the Gail model, body mass index
and SNPs to predict breast cancer among
women with abnormal (BI-RADS 4)
mammograms. Breast Cancer Res, 17(1): 1.
41. Min JW, Chang M-C, Lee HK, et al (2014).
Validation of risk assessment models for
predicting the incidence of breast cancer in
Korean women. J Breast Cancer, 17(3):226-235.
42. Chlebowski RT, Chen Z, Anderson GL, et al
(2005). Ethnicity and breast cancer: factors
influencing differences in incidence and
outcome. J Natl Cancer Inst, 97(6):439-48.
43. Tice JA, Miike R, Adduci K, et al (2005). Nipple
aspirate fluid cytology and the Gail model for
breast cancer risk assessment in a screening
population. Cancer Epidemiol Biomarkers Prev,
14(2):324-8.
44. Tice JA, Cummings SR, Smith-Bindman R, et al
(2008). Using clinical factors and
mammographic breast density to estimate
breast cancer risk: development and validation
of a new predictive model. Ann Intern Med,
148(5):337-47.
45. Tice JA, Cummings SR, Ziv E, Kerlikowske K
(2005). Mammographic breast density and the
Gail model for breast cancer risk prediction in
a screening population. Breast Cancer Res Treat,
94(2):115-22.
46. Chen SQ, Huang M, Shen YY, et al (2017).
Abbreviated MRI Protocols for Detecting
Breast Cancer in Women with Dense Breasts.
Korean J Radiol, 18(3):470-475.
47. Mealiffe ME, Stokowski RP, Rhees BK, et al
(2010). Assessment of clinical validity of a
breast cancer risk model combining genetic
and clinical information. J Natl Cancer Inst,
102(21):1618-27.
48. Wacholder S, Hartge P, Prentice R, et al (2010).
Performance of common genetic variants in
breast-cancer risk models. N Engl J Med,
362(11):986-93.

Available at:

http://ijph.tums.ac.ir

