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Abstract

Introduction Breast cancer is a significant public health concern in Jordan. It is the most common cancer among
Jordanian women. Despite its high incidence and advanced stage at time of diagnosis, the uptake of breast
cancer screening in Jordan is low. This study aims to compare clinical outcomes of both screening and diagnostic
mammogram among women in Jordan.

Methods A retrospective cohort of 1005 women who underwent mammography in breast imaging unit in a tertiary
hospital in Jordan. It aimed to investigate outcomes of screening and diagnostic mammography. recall rates, clinical
manifestations and cancer rates were investigated.

Results A total of 1005 participants were involved and divided into screening group (n=634) and diagnostic group
(n=371). Women in the diagnostic group were more likely to be younger, premenopausal, smokers with higher
BMI. Among the screening group, 22.3% were labeled with abnormal mammogram, 26% recalled for ultrasound,

46 patients underwent tissue biopsy and a total of 12 patients had a diagnosis of breast carcinoma. Among the
diagnostic group, the most commonly reported symptoms were a feeling of breast mass, mastalgia and nipple
discharge. Abnormal mammogram was reported in 50.4% of women, a complementary ultrasound was performed
for 205 patients. A diagnostic Tru-cut biopsy for 144 patients and diagnostic excisional biopsy for 17 patients were
performed. A total of 131 had a diagnosis of carcinoma.

Conclusion With the high possibility of identifying a carcinoma in mammography among symptomatic women and
low uptake of screening mammogram, efforts to increase awareness and improve access to screening services are
crucial in reducing the burden of breast cancer in Jordan.
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Introduction

Breast disorders, encompassing both benign and malig-
nant conditions, are prevalent among women. While
younger women more commonly experience benign dis-
eases, breast cancer remains a significant cause of mor-
tality in the female population at large [1, 2].

Mammography stands as the primary screening
method for early breast cancer diagnosis due to its high
sensitivity and specificity [3]. It also serves as a diagnostic
tool for women presenting with symptoms [4]. Partici-
pation in mammographic screening has been associated
with a substantial reduction (by 30%) in breast cancer
mortality based on randomized trials of screening pro-
grams [5]. This efficacy is attributed to its ability to detect
subtle architectural distortions and microcalcifications
before a lesion becomes palpable [6].

However, despite its status as the gold standard, mam-
mography can occasionally produce false negative
results, especially in patients with dense breast tissue.
Complementary imaging modalities, such as magnetic
resonance imaging (MRI) and ultrasound, play a cru-
cial role in improving sensitivity since dense breasts can
obscure tumors [7, 8]. It’s essential to acknowledge that
about 28% of cancers may be missed during screening
mammography [9].

To evaluate the effectiveness of mammography prac-
tice, the term “medical audit” is used, involving the col-
lection of patient results over a predefined time frame,
typically one year. The audit is a valuable tool in assess-
ing the detection of early-stage breast cancers while they
remain treatable and identifying any gaps in technical
performance and image interpretation. Consequently, the
audit aids in reinforcing adherence to screening recom-
mendations among patients and their referring health-
care professionals by providing compelling evidence of
mammography’s effectiveness [10, 11].

During the audit, various rates are calculated, includ-
ing the recall rate, which indicates the percentage of
screened patients requiring further ultrasound or mam-
mographic examinations. This rate is positively corre-
lated with the likelihood of a false-positive result and is
influenced by factors such as image quality and quantity,
screening interval, single versus double reading, screen-
ing technique, and characteristics of the women being
screened (e.g., age, use of hormonal therapy) [12, 13].

Women who are recalled for additional evaluation are
at a higher likelihood of having breast cancer, particularly
if they undergo a needle biopsy. As a result, such recalls
can be distressing for patients [12].

Materials and methods

This is a retrospective cross-sectional cohort study
involving 1005 women who underwent mammography
in the breast imaging unit at Prince Hamza Hospital,
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a tertiary referral institution located in the capital,
Amman, during the period from June 2018 to February
2021. The study aimed to investigate the clinical out-
comes of screening and diagnostic mammograms.

Data were collected from both electronic and paper-
based medical records. It included patient information
such as age, marital status, age of menarche, parity, age
of the first child, menopausal age, smoking status, body
mass index (BMI), indications for imaging, history of
personal or familial breast cancer, and exposure to hor-
monal therapy.

Screening mammograms were defined as those per-
formed in asymptomatic women who had no symptoms
concurrent with the time of the mammographic exami-
nation. If symptoms were present, such as a breast or
axillary mass, pain, nipple discharge or retraction, or skin
changes, mammography was considered diagnostic.

Both mediolateral oblique and craniocaudal views
were conducted for each breast. The interpretation of the
mammographic images was carried out by two radiolo-
gists using The Breast Imaging Reporting and Data Sys-
tem (BI-RADS). Radiological findings, recall, and breast
cancer rates were reported.

Data were analyzed using the Statistical Package for the
Social Sciences version 23 (SPSS Inc., Chicago, IL) statis-
tical software. The analyses included descriptive statistics
and the chi-square test. A p-value<0.05 was considered
statistically significant.

Results

A total of 1005 participants were included in our study,
with a mean age of 52.4 (SD=10). Women were classified
into screening group (n=634; 63%) and diagnostic group
(n=371; 37%). The age range of participants was between
29 and 89 years, with women in the diagnostic group
being significantly younger than the screening group
P=0.02.

Patients’ characteristics

Majority of women were married (93.7%) and covered by
medical insurance (92.2%). The mean age of menarche
was 13.6 years in screening group and 13.2 years in diag-
nostic group (P=0.084). Women in screening group were
more likely to be menopausal (59.8% vs. 48.9%; P=0.001)
with no significant statistical difference in the mean age
of menopause between them.

The number and percentages of obese patients were
164.0 (25.9%) for screening group and 109 (33.9%) for
diagnostic group; P<0.001. Similar to obesity, women in
diagnostic group were more likely to be smokers (25.2%
vs. 18.5%) and less likely to have previous mammograms
prior to their presentation with their symptoms (49.3%
vs. 63.2%). More details can be seen in Table 1.



Al-Balas et al. BMC Women's Health Page 3 of 7
Table 1 Characteristics of the participants

Variables Screening group (N=634) Diagnostic group (N=371) Total (N=1005) p value
Age 0.020'
Mean (SD) 529 (9.4) 514(11.0) 524(10.0)

Range 33.0-81.0 29.0-89.0 29.0-89.0

Marital status 0.225°
Single 35.0 (5.5%) 28.0 (7.5%) 63.0 (6.3%)

Married 599.0 (94.5%) 343.0 (92.5%) 942.0 (93.7%)

Medical insurance 1.00?
No 44.0 (6.9%) 25.0 (6.7%) 69.0 (6.9%)

Yes 590.0 (92.9%) 346.0 (93.3%) 936.0 (93.1%)

Menarche 0.084'
Mean (SD) 136 (4.3) 13.2(1.6) 134 (3.6)

Range 9.0-112.0 40-21.0 4.0-1120

Menopause 0.001?
No 255.0 (40.2%) 170.0 (45.8%) 425.0 (42.3%)

Yes 379.0 (59.8%) 163.0 (44%) 542.0 (53.9%)

Missed 0 38 (10.2%) 38 (3.8%)

Menopausal age 0.059"
Mean (SD) 482 (4.8 49.1(5.2) 484 (4.9)

Range 25.0-62.0 30.0-60.0 25.0-62.0

Parity 0423°
No 71.0(11.2%) 49.0 (13.2%) 120 (11.9%)

Yes 555.0 (87.5%) 304.0 (82.0%) 859 (85.5%)

Unknown 8.0 (1.3%) 18.0 (4.8%) 26 (2.6%)

If previously pregnant, at what age first child was 0.054'
born

Mean (SD) 22.5(5.1) 232(5.5) 22.7(5.2)

Range 13.0-46.0 12.0-45.0 12.0-46.0

Smoker 0.016°
No 427.0 (67.4%) 229.0 (61.7%) 656.0 (65.3%)

Yes 117.0 (18.5%) 89.0 (24%) 206.0 (20.5%)

Unknown 90.0 (14.2%) 53.0 (14.3%) 143.0 (14.2%)

BMI 0.341
Non obese 202.0 (31.9%) 121.0 (32.6%) 323.0(32.1%)

Obese 164.0 (25.9%) 109.0 (29.4%) 273.0 (27.2%)

Unknown 268.0 (42.3%) 141.0 (38%) 409.0 (40.7%)

Previous Mammogram <0.001?
No 218.0 (34.4%) 170.0 (45.8%) 388.0 (38.6%)

Yes 401.0 (63.2%) 169.0 (45.6%) 570.0 (56.7%)

Unknown 15.0 (2.4%) 32.0 (8.6%) 47.0 (4.7%)

Personal history of breast cancer. 0.203%
No 598.0 (94.3%) 328.0 (88.4%) 926.0 (92.1%)

Yes 36.0 (5.7%) 13.0 (3.5%) 49.0 (4.9%)

Unknown 0 30 (8.1%) 30 (3%)

Previous hormonal therapy 0.2432
No 514.0 (81.1%) 268.0 (72.2%) 782.0 (77.8%)

Yes 104.0 (16.4%) 53.0 (14.3%) 157.0 (15.6%)

Unknown 16.0 (2.5%) 50 (13.5%) 66 (6.6%)

Family history of breast cancer 0.703?
No 471.0 (74.3%) 262.0 (70.6%) 733.0 (72.9%)

Yes 163.0 (25.7%) 96.0 (25.9%) 259.0 (25.8%)

Unknown 0 13 (3.5%) 13 (1.3%)
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Table 2 Clinical outcomes of screening mammogram
Screening group Overall (N=634)

Page 4 of 7

Table 4 Clinical presentations among women refereed for
diagnostic mammogram (n=371)

Mammogram BI-RADs Score (n=634)

0 28 (4.4%)

1 108 (17.0%)
2 356 (56.2%)
3 89 (14.0%)
4 51 (8.0%)

5 2(0.3%)
Recall Breast Ultrasound (n=634)

No 462 (74.0%)
Yes 162 (26.0%)
Missing 10

Core Breast Biopsy (n=634)

No 571 (93.0%)
Yes 43 (7.0%)
Missing 20

Core Breast Biopsy Results (n=43)

Benign 33 (76.7%)
Malignant (DCIS, ILC, IDC) 10 (23.3%)
Diagnostic Excisional Biopsy (n=3)

Benign 1
Malignant (DCIS, ILC, IDC) 2

Screening Group
Among the 634 women in the screening group, a total of
464 women (73.2%) were labelled as BIRAD 1 or BIRAD
2, 89 women (14%) as BIRAD 3 and, 51 (8%) as BIRAD 4,
2 women (0.3%) as BIRAD 5, and 28 women as BIRAD 0.
A total of 162 women who were labelled by mammo-
gram as BIRAD 0, 3, 4 and 5 were recalled for breast
ultrasound (26%). Among this group, 43 women (7%)
underwent tru-cut core breast biopsy and 3 women
underwent a diagnostic excisional biopsy. The results of
core biopsy showed 10 patients (23.3%) had a diagnosis of
cancer (DCIS, IDC, and ILC), while diagnostic excisional
biopsy’s results revealed 2 patients with a diagnosis of
carcinoma (Tables 2 and 3).

Diagnostic Group

Among women in the diagnostic group (n=371), the
majority of patients reported having more than one
symptom. The most commonly reported symptoms were

Clinical presentation* N (%)
Breast mass or swelling 197 (53.1%)
Mastalgia 178 (48%)
Nipple discharge 41 (11.1%)
Skin changes (ulcer or discoloration or thickening) 18 (4.9%)
Nipple changes (retraction, ulceration, inversion, eczema) 14 (3.8%)
Axillary mass 12 (3.2%)
Change in breast size 7 (1.9%)

*each woman reported one or more symptom based on her complaint

a feeling of breast mass or swelling (197; 53.1%), mastal-
gia (178; 48%) and nipple discharge (41; 11.1%) (Table 4).
Regarding mammographic BIRAD score, 40 (10.8%)
patients were labeled as BIRAD 1, 118 (31.8%) as BIRAD
2, 40 (10.8%) as BIRAD 3, 94 (25.3%) as BIRAD 4 and 53
patients (14.3%) as BIRAD 5. A complementary breast
ultrasound was performed for 205 patients (57.4%) for
further evaluation. A diagnostic Tru-cut biopsy was per-
formed for 144 (40.5%) patients and 17 patients required
diagnostic excisional biopsy. Among women who per-
formed Tru-cut biopsy, the results of core biopsy showed
122 patients (84.7%) with diagnosis of breast cancer
(DCIS, IDC, and ILC), while excisional biopsy’s results
revealed additional 9 out of 17 patients with cancer diag-
nosis. A total of 131 (35.3%) of women in the diagnostic
group had a diagnosis of breast carcinoma (Table 5).

Discussion

The incidence of breast cancer in lower- and mid-
dle-income countries (LMICs) has been on the rise,
attributed to factors such as increased life expectancy,
advancements in diagnostic modalities, the adoption of
Western lifestyles, and changes in reproductive practices
among young women [14, 15]. Notably, women in LMICs
diagnosed with breast cancer tend to be younger, present
at more advanced stages, and exhibit a higher prevalence
of triple-negative cancers compared to higher-income
countries [16, 17]. Consequently, there is a pressing need
to focus on implementing breast cancer screening and
early diagnosis strategies within the healthcare systems
of LMICs.

Table 3 Core breast biopsy outcomes based on the screening BI-RADS

BI-RAD 0 BI-RAD 1 BI-RAD 2 BI-RAD 3 BI-RAD 4 BI-RAD 5
Number of core needle biopsies 2 0 2 3 34 2
Tissue biopsy results
Fibroadenoma 1 - - - 3 -
Benign fibrocystic 1 - 2 3 22 -
Mastitis - - - - 1
DCIS - - - - 4 -
IDC - - - - 3 2
1

ILC - -
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Table 5 Clinical outcomes of diagnostic mammogram
Diagnostic group Overall (N=371)
Mammogram BI-RADs Score

0 22 (6%)

1 40 (10.8%)
2 118 (31.8%)
3 40 (10.8%)
4 94 (25.3%)
5 53 (14.3%)
6 4 (1%)
Breast Ultrasound

No 152 (41%)
Yes 205 (55.3%)
Missing 14

Core Breast Biopsy

No 211 (57%)
Yes 144 (39%)
Missing 16

Core Breast Biopsy Results (n=144)

Benign 19
Dysplasia 1
Intraductal papilloma 2

DCIS 12

IDC 93

ILC 17
Diagnostic Excisional Biopsy 17

Benign 8
Malignant (DCIS, ILC, IDC) 9

Breast cancer screening strategies can be categorized
as either population-based or opportunistic. In popula-
tion-based screening, invitations for screening programs
are issued from population-based registers, while in
opportunistic screening, women decide to attend screen-
ing programs themselves or are referred by healthcare
professionals.

Formerly, self-breast examination (SBE) and clinical
breast examination (CBE) were part of screening modali-
ties, but recent guidelines have excluded them due to
their low prognostic yield [18—20]. However, it is worth
noting that the utilization of SBE and CBE can still aid
in identifying breast cancers in a majority of patients,
especially in settings where mammography is not widely
available as a population-based screening modality and
can contribute to down-staging symptomatic disease
[18, 21].

The use of screening mammography has been associ-
ated with approximately a 20% reduction in breast can-
cer mortality, particularly among women aged 50 to 69
years [22]. Issues related to overdiagnosis and over-
treatment among screened women, as well as its psy-
chological burden, have been reported. Therefore, it is
recommended to inform women about these issues prior
to starting their screening [23, 24]. Achieving breast
cancer screening goals requires the implementation of
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rigorous, high-quality screening, diagnosis, and treat-
ment strategies.

In many LMICs, population-based mammogram
screening is lacking, and opportunistic screening is the
predominant practice. This can be attributed not only to
insufficient infrastructure but also to a lack of qualified
stakeholders involved in the screening process and the
healthcare system’s capability to manage newly diagnosed
cases and follow up on abnormal screening results [25].

In Jordan, the Jordan Breast Cancer Program (JBCP),
established in 2008, aims to increase breast cancer aware-
ness among the Jordanian population and healthcare
providers and implement strategies for opportunistic
breast cancer screening and early diagnosis. According to
the JBCP guidelines, average-risk women are advised to
perform monthly SBE and CBE every 1-3 years until the
age of 40. At 40, women are recommended to undergo
breast mammograms every 1-2 years. Despite tremen-
dous efforts by the JBCP in enhancing population knowl-
edge, identifying possible barriers and conducting yearly
awareness and educational campaigns, the uptake of
breast cancer screening among Jordanian women is still
low (7-9%) [26]. This low participation rate was compa-
rable to that reported from Saudi Arabia, another Ara-
bic country, which may reflect cultural barriers against
screening for breast cancer [27, 28].

The utilization of breast ultrasound as an adjunct to
screening mammogram improves screening outcomes,
especially in women with dense breasts [29, 30]. In one
Austrian study, adding breast ultrasound to mammog-
raphy increased the cancer detection rate from 3.5/1000
to 4/1000 cases and from 1.8/1000 to 2.4/1000 among
women with dense breasts [29]. The sensitivity of cancer
detection in this study increased from 62% when mam-
mogram is used alone to 81% when ultrasound is added
to mammogram among dense breast women.

Among the screening group in our study, 26% of
women underwent additional breast ultrasounds for
further evaluation of their mammographic findings.
While the recall rate set by the International Agency
for Research on Cancer (IARC) for population-based
screening is less than 7%, this figure may not be directly
applicable to opportunistic screening settings. The use of
supplementary ultrasound in this cohort is similar to that
reported in an opportunistic screening group in China
(31.5%) [25]..

Within the opportunistic screening group of this study;,
a total of 22.4% of screening mammograms were labeled
as abnormal (BIRAD 3-5), and 8.4% were classified
as suspicious (BIRAD 4-5). The recall rate among the
screening cohort was 26%, the biopsy rate was 7.2%, and
the positive predictive value (PPV) for biopsies was 26%.
Notably, the cancer detection rate among this group was
19 per 1000 women, which is significantly higher than
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what has been reported in the literature [29, 30]. Reports
from early breast cancer screening in Saudi Arabia and
Egypt showed a cancer detection rate of 13% and 10%,
respectively [27, 31].

Conclusion

With the high possibility of identifying a carcinoma in
mammography among symptomatic women and low
uptake of screening mammogram, efforts to increase
awareness and improve access to screening services can
significantly enhance early detection and improve overall
outcomes in breast cancer management.

Acknowledgements
No Acknowledgements.

Author contributions

Conceptualization: MA, HA, GAStudy design: MA, HAData collection: ZA,
GA, AG, FA, SA, TB,BE Supervision: MAWriting manuscript: MA, HALiterature
review: ZA, GA, AG, FA, SA, TB,BE. Data analysis: MAPreparation of Tables and
supplementary material: ZA, AG, FA, SA, TB,BECritical review: MA, HA. . All
authors have read and approved the manuscript.

Funding
This research received no funds.

Data availability
All datasets generated during the current study are not publicly available but
are available from the corresponding author on request.

Declarations

Ethics approval and consent to participate

The statement of ethical approval was obtained from the Institutional Review
Board (IRB) committee at Hashemite University No.5/6/2020/2021 and Prince
Hamza Hospital. The need for written informed consent was waived by the IRB
ethics committee due to the retrospective nature of the study.

Consent for publication

No identifiable data for participants is included in the results. The need for
written informed consent was waived by the IRB ethics committee due to the
retrospective nature of the study, IRB number No.5/6/2020/2021. Consent for
publication is not applicable.

Study limitations
A major limitation of this studly is its single-center-based design, as well as its
retrospective nature.

Competing interests
The authors declare no competing interests.

Received: 19 August 2023 / Accepted: 28 February 2024
Published online: 21 March 2024

References

1. Coughlin SS. Epidemiology of breast Cancer in women. Adv Exp Med Biol.
2019;1152:9-29. https://doi.org/10.1007/978-3-030-20301-6_2.

2. LeiS, Zheng R, Zhang S, et al. Global patterns of breast cancer incidence
and mortality: a population-based cancer registry data analysis from 2000 to
2020. Cancer Commun (Lond). 2021;41(11):1183-94. https://doi.org/10.1002/
cac2.12207.

3. Farrell K, Bennett DL, Schwartz TL. Screening for breast Cancer: what you
need to know. Mo Med. 2020;117(2):133-5.

20.

21.

22.

23.

24.

25.

Page 6 of 7

Kolade-Yunusa H, Itanyi U. Outcome of mammography examination in
asymptomatic women. Ann Afr Med. 2021,20:52. https://doi.org/10.4103/
aam.aam_17_20.

Duffy SW, Tabar L, Yen AM, et al. Mammography screening reduces rates

of advanced and fatal breast cancers: results in 549,091 women. Cancer.
2020;126:2971-9. https://doi.org/10.1002/cncr.32859.

Mahmood T, Li J, PeiY, Akhtar F, Imran A, Yaqub M. An Automatic Detection
and Localization of Mammographic microcalcifications ROl with Multi-

scale features using the Radiomics Analysis Approach. Cancers (Basel).
2021;13(23):5916. https://doi.org/10.3390/cancers13235916. Published 2021
Nov 24.

Muhammad S, Saidu S, Ma'aji S, Musa A, lbrahim H, Gusau S, Shirama Y. Mam-
mographic screening patterns in Sokoto, Northwestern Nigeria. Sahel Med J.
2019;22:23. https//doi.org/10.4103/smj.smj_44_16.

Gegios AR, Peterson MS, Fowler AM. Breast Cancer screening and diagnosis:
recent advances in imaging and current limitations. PET Clin. 2023;18(4):459-
71. https;//doi.org/10.1016/j.cpet.2023.04.003.

Sardanelli F, Fallenberg EM, Clauser P, Trimboli RM, Camps-Herrero J, Helbich
TH, Forrai G. Mammography: an update of the EUSOBI recommendations

on information for women. Insights Imaging. 2017;8:11-8. https://doi.
0rg/10.1007/513244-016-0531-4.

Funaro K, Ataya D, Niell B. Understanding the Mammography audit. Radiol
Clin North Am. 2021;59(1):41-55. https://doi.org/10.1016/j.rcl.2020.09.009.
Smalls TE, Heiney SP, Baliko B, Tavakoli AS. Mammography Adherence:
creation of a process change plan to increase usage rates. Clin J Oncol Nurs.
2019;23(3):281-7. https://doi.org/10.1188/19.CJON.281-287.

Mao X, He W, Humphreys K, et al. Breast Cancer incidence after a false-
positive mammography result. JAMA Oncol. 2024;10(1):63-70. https://doi.
0rg/10.1001/jamaoncol.2023.4519.

Tsuruda KM, Larsen M, Romén M, Hofvind S. Cumulative risk of a false-positive
screening result: a retrospective cohort study using empirical data from 10
biennial screening rounds in BreastScreen Norway. Cancer. 2022;128(7):1373-
80. https://doi.org/10.1002/cncr.34078.

[14] Sung H, Ferlay J, Siegel RL, et al. Global Cancer statistics 2020: GLOBOCAN
estimates of incidence and Mortality Worldwide for 36 cancers in 185 coun-
tries. CA Cancer J Clin. 2021;71(3):209-49. https://doi.org/10.3322/caac.21660.
[15] Newman LA. Breast cancer screening in low and middle-income
countries. Best Pract Res Clin Obstet Gynaecol. 2022;83:15-23. https://doi.
0rg/10.1016/j.bpobgyn.2022.03.018.

Francies FZ, Hull R, Khanyile R, Dlamini Z. Breast cancer in low-middle income
countries: abnormality in splicing and lack of targeted treatment options. Am
J Cancer Res. 2020;10(5):1568-91. Published 2020 May 1.

Lukong KE, Ogunbolude Y, Kamdem JP. Breast cancer in Africa: prevalence,
treatment options, herbal medicines, and socioeconomic determinants.
Breast Cancer Res Treat. 2017;166(2):351-65. https://doi.org/10.1007/
$10549-017-4408-0.

Huang N, Chen L, He J, Nguyen QD. The efficacy of clinical breast exams and
breast self-exams in detecting malignancy or positive ultrasound findings.
Cureus. 2022. https://doi.org/10.7759/cureus.22464.

Hamashima C, Japanese Research Group for the Development of Breast
Cancer Screening Guidelines, Hamashima CC, et al. The Japanese guidelines
for breast Cancer screening. Jpn J Clin Oncol. 2016;46(5):482-92. https://doi.
org/10.1093/jjco/hyw008.

Mandrik O, Zielonke N, Meheus F, et al. Systematic reviews as a‘lens of
evidence”: determinants of benefits and harms of breast cancer screening. Int
J Cancer. 2019;145(4):994-1006. https://doi.org/10.1002/ijc.32211.

Ngan TT, Nguyen NTQ, Van Minh H, et al. Effectiveness of clinical breast
examination as a ‘stand-alone’screening modality: an overview of

systematic reviews. BMC Cancer. 2020;20:1070. https://doi.org/10.1186/
§12885-020-07521-w.

Kowalski AE. Mammograms and Mortality: how has the evidence evolved? J
Econ Perspect. 2021;35(2):119-40. https://doi.org/10.1257/jep.35.2.119.

LiY, Zhou Y, Mao F, et al. The influence on survival of delay in the treatment
initiation of screening detected non-symptomatic breast cancer. Sci Rep.
2019;9(1):10158. https://doi.org/10.1038/541598-019-46736-1.

French DP, McWilliams L, Bowers S, et al. Psychological impact of risk-
stratified screening as part of the NHS breast Screening Programme:
multi-site non-randomised comparison of BC-Predict versus usual screening
(NCT04359420). Br J Cancer. 2023;128:1548-58. https://doi.org/10.1038/
s41416-023-02156-7.

Teh YC, Tan GH, Taib NA, Rahmat K, Westerhout CJ, Fadzli F, See MH, Jamaris S,
Yip CH. Opportunistic mammography screening provides effective detection


https://doi.org/10.1007/978-3-030-20301-6_2
https://doi.org/10.1002/cac2.12207
https://doi.org/10.1002/cac2.12207
https://doi.org/10.4103/aam.aam_17_20
https://doi.org/10.4103/aam.aam_17_20
https://doi.org/10.1002/cncr.32859
https://doi.org/10.3390/cancers13235916
https://doi.org/10.4103/smj.smj_44_16
https://doi.org/10.1016/j.cpet.2023.04.003
https://doi.org/10.1007/s13244-016-0531-4
https://doi.org/10.1007/s13244-016-0531-4
https://doi.org/10.1016/j.rcl.2020.09.009
https://doi.org/10.1188/19.CJON.281-287
https://doi.org/10.1001/jamaoncol.2023.4519
https://doi.org/10.1001/jamaoncol.2023.4519
https://doi.org/10.1002/cncr.34078
https://doi.org/10.3322/caac.21660
https://doi.org/10.1016/j.bpobgyn.2022.03.018
https://doi.org/10.1016/j.bpobgyn.2022.03.018
https://doi.org/10.1007/s10549-017-4408-0
https://doi.org/10.1007/s10549-017-4408-0
https://doi.org/10.7759/cureus.22464
https://doi.org/10.1093/jjco/hyw008
https://doi.org/10.1093/jjco/hyw008
https://doi.org/10.1002/ijc.32211
https://doi.org/10.1186/s12885-020-07521-w
https://doi.org/10.1186/s12885-020-07521-w
https://doi.org/10.1257/jep.35.2.119
https://doi.org/10.1038/s41598-019-46736-1
https://doi.org/10.1038/s41416-023-02156-7
https://doi.org/10.1038/s41416-023-02156-7

Al-Balas et al. BMC Women's Health

26.

27.

28.

29.

(2024) 24:191

rates in a limited resource healthcare system. BMC Cancer. 2015;15:405.
https://doi.org/10.1186/512885-015-1419-2.

Abdel-Razeq H, Mansour A, Jaddan D. Breast Cancer Care in Jordan. JCO Glob
Oncol. 2020;6:260-8. https://doi.org/10.1200/JG0.19.00279. PMID: 32083950;
PMCID: PMC7051801.

Ibrahim M. Gosadi. National screening programs in Saudi Arabia: overview,
outcomes, and effectiveness. J Infect Public Health Volume. 2019;12(5):608-
14. https://doi.org/10.1016/},jiph.2019.06.001.

El Bcheraoui C, Basulaiman M, Wilson S, Daoud F, Tuffaha M, AlMazroa MA,
Memish ZA, Al Saeedi M, Mokdad AH. Breast Cancer Screening in Saudi
Arabia: free but almost no takers. PLoS ONE. 2015;10(4):e0124850. https://doi.
0rg/10.1371/journal.pone.0124850.

Rivera-Franco MM, Leon-Rodriguez E. Delays in Breast Cancer Detection

and Treatment in Developing Countries [published correction appears in
Breast Cancer (Auckl). 2019;13:1178223419834790]. Breast Cancer (Auckl).
2018;12:1178223417752677. https://doi.org/10.1177/1178223417752677.

30.

31

Page 7 of 7

Unger-Saldana K. Challenges to the early diagnosis and treatment of breast
cancer in developing countries. World J Clin Oncol. 2014;5(3):465-77. https://
doi.org/10.5306/wjco.v5.i3.465.

Boulos S, Gadallah M, Neguib S, Essam EA, Youssef A, Costa A, Mittra |,

Miller AB. Breast screening in the emerging world: high prevalence of

breast cancer in Cairo. Breast. 2005;14(5):340-6. https://doi.org/10.1016/].
breast.2005.07.002.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://doi.org/10.1186/s12885-015-1419-2
https://doi.org/10.1200/JGO.19.00279
https://doi.org/10.1016/j.jiph.2019.06.001
https://doi.org/10.1371/journal.pone.0124850
https://doi.org/10.1371/journal.pone.0124850
https://doi.org/10.1177/1178223417752677
https://doi.org/10.5306/wjco.v5.i3.465
https://doi.org/10.5306/wjco.v5.i3.465
https://doi.org/10.1016/j.breast.2005.07.002
https://doi.org/10.1016/j.breast.2005.07.002

	﻿Clinical outcomes of screening and diagnostic mammography in a limited resource healthcare system
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Results
	﻿Patients’ characteristics
	﻿Screening Group
	﻿Diagnostic Group

	﻿Discussion
	﻿Conclusion
	﻿References


