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Abstract
Objective: Mammography is an important screening tool which can effectively detect breast cancer earlier before it
becomes palpable on breast self-examination. The main objective of this study was to determine screening accuracy of
mammography and ultrasound (US) in a local population.
Methods: This prospective analysis included 1104 women (median age 40; 11-81 years) attended a breast care clinic at
KIRAN for screening (559) or presented with palpable breast lump (545). As per American Cancer Society (ACS)
guidelines 2003, mammogram and U.S. was performed. Fine needle aspiration cytology (FNAC) was subjected in 217
women with Breast Imaging Reporting and Data System (BIRADS) IV/V, high risk patients with III on mammography
and with suspicious US findings, while women with normal to benign looking US, BIRADS I, II and III were followed
after 12 ± 3 months.
Results: Mammography was performed on 564 (51%) women and classified as BIRADS I in 227 (40%), II in 110 (20%),
III in 53 (9%), IV in 130 (23%) and as V in 44 (8%). Remaining 540 (49%) women were subjected for breast US, among
them 408 (76%) were absolutely normal, 97 (18%) revealed benign pathology and 35 (6%) had suspicious findings. On
FNAC, 206/217 (19%; incidence rate=1:6 with 95% CI of 1:6 to 1:5, p<0.001) were diagnosed as breast cancer.
Sensitivity, Specificity, Positive predictive value (PPV) and Negative Predictive Value (NPV) were 80.47%, 73.07%,
64.79% and 85.86% for mammogram; 86.84%, 99.6%, 94.29% and 99.01% for US respectively. The sensitivity,
specificity, PPV and NPV of US as compared to mammogram was significantly higher, i-e. p=0.005 (χ2=7.701), p<0.0001
(χ2=159.58), p<0.0001 (χ2=144.05) and p<0.0001 (χ2=65.22) respectively.
Conclusion: We concluded that US should be considered as a primary screening tool in younger population and as an
adjunct to mammogram in elder women to minimize the chances of missing diagnosis of breast cancers.
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Introduction
Breast cancer is the most frequently diagnosed cancer among Pakistani females and reported incidence is 17% over 2006
to 2009 and 34.6% by Karachi cancer registry [1, 2]. A multi-center analysis revealed the fact that the majority of cases are
presented in stage III and IV in Pakistan which warrants the need of aggressive screening program for early detection of
disease [3]. Mammography is considered standard modality for screening of breast cancer and has been shown to reduce
mortality as well [4, 5, 6]. In Pakistan, awareness about breast cancer screening can be assessed from the fact that only
14% of the mammography tests were performed for screening purpose in the country's leading cancer institute [7]. Despite
enactment of mammography quality standards act 2001 for better image quality; wide variability in the reported accuracy
of mammography and biopsy persists [8, 9]. The screening strength of mammography is based on reported high negative
predictive values (NPV) ranging from 99.8%-100% but wide range of PPV from 4.3% to 52.4% and false positive rates
from 1.5% to 24.1% [10, 11, 12] resulting in un-necessary biopsies. Due to rising incidence of breast cancer in younger
population; usefulness of mammography as a screening tool is undermined [13]. So it is logical to consider breast
self-examination (BSE), clinical examination and ultrasound as a first choice in screening of younger population.
Ultrasound has an established role in the early diagnosis of breast cancer especially in younger females (< 35 years of age)
and also as a complimentary technique to mammogram in older females [14]. However, it is dependence upon operator’s
expertise is a major limitation and there is little evidence to support the use of breast ultrasound as primary modality for
breast cancer screening. Screening techniques must have higher sensitivity for both palpable and non-palpable lumps, high
specificity, cost effective, safe, acceptable and assessable to population being screened. Aim of this study was to find out
the accuracy of mammogram and ultrasound as a screening tool for breast cancer in Pakistani women.

Material and methods
This prospective analysis recruited all women who attended breast care clinic for the first time at Karachi Institute of
Radiotherapy and Nuclear Medicine (KIRAN), Karachi, Pakistan from March 2006 till February 2010. The study was
duly approved by hospital ethical committee. Total 1104 women attended for screening or presented with history of
palpable breast lump. Patient who had recently been diagnosed and treated for another type of cancer were excluded from
this study. As per American Cancer Society (ACS) guidelines 2003 [15], mammogram and ultrasound breast were
performed in studied population. All women more than 40 years or selected cases of less than 40 years (suspicious lump or
strong family history) were subjected for mammogram on Metaltronica® (screen film mammogram) by taking
cranio-caudal (CC) and medio-lateral oblique (MLO) views of each breast; results were categorized by Breast Imaging
Reporting and Data System (BIRADS) by an expert radiologist (not by two or more radiologist which is a limitation of our
study). Ultrasound was performed on Nemio 20 Toshiba® with 7.5 MHz probe in all women less than 40 years and
selected women (> 40 years) as complementary to mammogram where mammography findings either equivocal or
inconclusive like soft tissue opacity, dense breast or lactating women. FNAC was performed in all BIRADS IV-V and in
selected high risk patients with BIRADS III on mammography along with suspicious findings on ultrasound. Patients with
BIRADS I, II, most of III on mammography but with normal/benign ultrasounds findings were followed 12 ± 3 months
with either mammogram/ultrasound.

Statistical analysis
Data was analyzed by using the MedCalc statistical software version 11.3.10 and SPSS software version 10. For univariate
analysis Chi square test was performed for discrete and Student’s t-test was used for continuous variables. Receiver
Operating Characteristics curves (ROC) were plotted for diagnostic strength of ultrasound and mammogram. Kaplan
Meier plot for event free survival and for purpose of comparison of survival curves logrank test was applied. For all
P-values <0.001 were selected as significant.
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Results
Total 1104 women with median age of 40 (age range: 11-81) years were registered at breast care clinic. Five hundred and
forty-five women (49%) presented with breast lump while remaining 559 (51%) women attended for screening purpose
having no lump with or without mastalgia (Table 1). Mammography was performed on 564 (51%) women and they were
classified as BIRADS I in 227 (40%), BIRADS II in 110 (20%), BIRADS III in 53 (9%), BIRADS IV in 130 (23%) and as
BIRADS V in 44 (8%). Remaining 540 (49%) women were subjected for breast ultrasound, among them 408 (76%) were
normal, 97 (18%) revealed benign pathology while 35 (6%) had suspicious findings. FNAC was performed in 217 (20%)
women and 206 (19%) were turned out to be positive for breast cancer (incidence rate=1:6 with 95% CI of 1:6 to 1:5, p
<0.001) (Figure 1).
Screening outcome in recruited women was demonstrated in Table 2. Sensitivity, specificity, PPV and NPV of
mammogram were 80.47% (74.53% to 85.54%), 73.07% (68.09% to 77.65%), 64.79% (58.74% to 70.52%) and 85.86%
(81.37% to 89.61%) respectively; for US 86.84% (71.90% to 95.54%), 99.6% (98.57% to 99.94%), 94.29% (80.81% to
99.13%) and 99.01% (97.70% to 99.67%) respectively. The sensitivity, specificity, PPV and NPV of US as compared to
mammogram was statistically significant i-e. p=0.005 (χ2=7.701), p<0.0001 (χ2=159.58), p<0.0001 (χ2=144.05) and
p<0.0001 (χ2=65.22) respectively.
Figure 2 demonstrated PPV of palpable lump for breast cancers on mammogram was 76%, 100%, 98% and 13% for
overall, BIRADS V, IV and III respectively which was statistically significant (p<0.001) for all except for BIRADS III
(0.069) while PPV for ultrasound in studied population with palpable lump was 94% (p<0.001).
Receiver Operator Characteristic (ROC) analysis revealed that the diagnostic strength of US is better (0.996 area under
curve) than mammogram (0.783 area under curve) with statistically significant p values (Figure 3).
NPV for breast cancer in women with previous normal or benign findings on ultrasound with BIRADS I-III mammogram
on 12 ± 3 months follow up either by mammogram or ultrasound by Kaplan Meier survival analysis (Figure 4) was 100%
(p<0.001). Comparative analysis of survival response by logrank test for normal to benign looking ultrasound and
BIRADS I-III mammogram was statistically identical (p=0.385).
Table 1. Demographic of study population
Variables
Age (median with range) years
Palpable lump
No lump (Screening/Mastalgia)
Multiparty (≥2)
Breast feeding
Family History
Menopause

Total population
(n=1104)
40 (11-81)
545 (49%)
559 (51%)
745 (67%)
725 (66%)
57 (5%)
340 (31%)

P value
<0.001
<0.001
<0.001
<0.001
<0.001
<0.106
<0.001

*SD= Standard Deviation

Table 2. Outcome of screening by utilizing mammogram and ultrasound in studied women at their first visit at breast care clinic
True Positive
True Negative
False Positive
False Negative
Sensitivity
Specificity
Positive Predictive Value
Negative Predictive Value

46

Mammogram (564)
173
255
94
42
80.47% (74.53% to 85.54%)
73.07% (68.09% to 77.65%)
64.79% (58.74% to 70.52%)
85.86% (81.37% to 89.61%)

Ultrasound (540)
33
500
2
5
86.84% (71.90% to 95.54%)
99.6% (98.57% to 99.94%)
94.29% (80.81% to 99.13%)
99.01% (97.70% to 99.67%)
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Figure 1. Schematic presentation of patient outcome
*FNAC=Fine Needle Aspiration Cytology
**BIRADS= Breast Imaging Reporting and Data System

Figure 2. Positive Predictive value of mammogram and ultrasound for breast cancer
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Figure 3. Receiver Operating Characteristics curve analysis of mammogram and ultrasound for breast cancer
*AUC=Area Under Curve

Figure 4. Kaplan Meier plot for breast cancer free survival in normal ultrasound and BIRADS I-III mammogram

Discussion
Pakistan has the highest burden of breast cancers in Asia but unfortunately no authentic national data base regarding the
incidence across the country is available. The single center incidence of breast cancer published by our group was 17%
which has been re-observed about 20% in the current study. The peak incidence of breast cancer in Pakistani women is
30-50 years which is considerably low as compared to western population [1, 16]. This fact draws our attention towards
the need of effective national breast screening program to tackle the menace of breast cancer.
The breast care clinic at KIRAN is catering about 2.5 to 3 million metropolis for the last four years and has been following
the guidelines of American Cancer Society. The sensitivity and specificity of mammogram in studied population were
80.47% and 73.07 (for palpable lump and no lump cohort) respectively. As compared with study published by Kavanagh
et al. 2000 upon Australian women [17], sensitivity is relatively higher (80.47% vs. 75.6%) but specificity was lower
(73.07% vs. 94.9%) in asymptomatic Pakistani women. While our results were comparable with sensitivity and specificity
in Australian women with lump (i.e. 80.47% vs. 80.8% and 73.07% vs. 73.7% respectively). The plausible explanation for
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this disparity is existence of only 2.6% women with palpable lumps as compared to a large number of women with lump
(49%) in our cohort. The PPV and NPV in our study are 64.79% and 85.86%. The PPV in our cohort is higher (4.3% to
52.4%) while NPV is lower than (99.8%-100%) than published studies and the high prevalence of breast cancer in our
population is the reason for this discordance [10, 11].
We used ultrasound as the primary screening imaging modality in women <40 years and in those women where
mammogram was inconclusive like dense breast or lactating mothers. We found that the sensitivity and specificity of US
in our cohort was significantly higher than mammogram which was also reiterated by ROC curve analysis that showed
better diagnostic accuracy of US than mammogram. These findings are in accordance with recently published study in
Bosnia and Herzegovina [18] which revealed higher diagnostic accuracy of US than mammogram in all age groups. This
fact is further proven by Devolli-Disha, et al. [19] who reported that US was 20.5% more sensitive and 14.6% more
specific than mammogram in symptomatic younger women < 45 years. The higher specificity of US in our study could be
explained by late arrival of symptomatic women with palpable lumps. The relatively lower sensitivity of US in
asymptomatic women was probably due to suboptimal appreciation of micro calcification and chances of missing occult
lesion.
Similarly PPV and NPV of US was also significantly higher than mammogram in our study i.e. 94.29% vs. 64.79% and
99.01% vs. 85.86% respectively and this might be explained by higher prevalence of breast cancer in relatively younger
Pakistani women as compared to western population [16] and unfortunately no local study available for comparison of US
and mammogram in this context.
We concluded that US should be considered as a primary screening tool in younger population and as an adjunct to
mammogram in elder women to minimize the chances of missing diagnosis of breast cancers.
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