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Breast cancer screening is a vital health care program  
delivered at a primary care level. Mammography is often 
considered synonymous with breast cancer screening. In this 
viewpoint, we will discuss the fundamental principles of a 
screening program, the evidence for screening mammog-
raphy in preventive health care, and critically appraise the 
utility of a breast cancer screening program in a low-middle 
income country (LMIC) such as India.

Key Principles of a Screening Program
The concept of screening is based on the tenet of maximiz-
ing benefit and minimizing harm. The obvious benefit of 
screening is early diagnosis while the harm is overdiagnosis. 
Overdiagnosis is defined as detecting tumors that might never 
have progressed to become symptomatic or life-threatening 
in the absence of screening. A false-positive cancer screening 
test implies that the test suggested a cancer diagnosis, but 
in reality, the patient does not have a biopsy-proven malig-
nancy. A false-negative cancer screening test means that the 
test failed to pick up a malignancy. A good cancer screening 
test should have both low false-positive and false-negative 
rates. The former avoids unnecessary procedures and anxi-
eties, while the latter avoids the risk of falsely reassuring a 
person regarding their health. An ideal cancer screening test 
should help diagnose aggressive cancers at an earlier stage 
when it is curable. If such a test is appropriately used in a 
primary care setting, it should improve survival rates.

Screening Mammography: Is It Beneficial?
Despite the risk of overdiagnosis, breast cancer screening is 
widespread in high-income countries like the US due to the 
enthusiasm about cancer screening and the medicolegal envi-
ronment, which rewards clinicians' vigilance.1 False-positive 

mammogram rates in Europe for women undergoing  
biennial screening from age 50 to 69 years in Europe was 
found to be approximately 20%.2 False-positive mammogram 
results in biopsy in 3 to 7%.3 In the US, the 10-year false posi-
tive rate was found to be 30%.4

False-negative mammograms run the risk of missing a 
cancer diagnosis when one exists. It is likely to be a prob-
lem in younger women with dense breasts. Interval cancers 
are those cancers detected between two screening mammo-
grams, either due to being overlooked at the last mammo-
gram or due to rapidly growing cancers. Among the breast 
cancers detected by screening, 10 to 30% are interval cancers 
(numbers vary by population).5 Loberg et al suggested that 
for 1,000 women who are 50 years old and above screened 
every 2 years for 20 years, 200 are false positive, 30 will 
undergo biopsy due to a false-positive result, 3 will develop 
an interval cancer, 15 will be overdiagnosed, and only 
2 to 3 will be saved from dying of breast cancer.6

This begs the following question: Is screening mammog-
raphy as beneficial as we think it to be?

First, the reduction in breast cancer mortality could be 
attributable to better systemic therapy than diagnosing the 
disease at an earlier time point. Older screening trials, which 
have shown benefit, were from an era of no systemic treat-
ment. Would the use of effective adjuvant treatment erase 
the presumed benefit of early detection of smaller cancers? 
A modeling study conducted by Berry et al used seven statis-
tical models to demonstrate that both screening mammog-
raphy and treatment have helped reduce the death rate from 
breast cancer in the US.7 Furthermore, simulation modeling 
techniques have estimated that advances in treatment were 
associated with more significant decreases in breast cancer 
mortality rates than advances in screening. However, these 
associations varied by the breast cancer molecular sub-
type (screening may have a more substantial impact in the 
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setting of triple-negative breast cancer).8 Nevertheless, these  
studies do not entirely negate the role of breast cancer 
screening mammography, although much of the mortality 
reduction seems to come from adjuvant therapy.

Second, there is no reduction in late-stage breast can-
cer incidence despite 20 years of screening.9 If screening 
is so effective, why is there no reduction in the incidence 
of advanced breast cancer? Bleyer et al studied the US 
Surveillance, Epidemiology, and End Results (SEER) database 
from 1975 to 2008 and found that patients with late-stage 
cancer decreased by 8%, from 102 to 94 cases per 100,000. 
Hence, only 8 of the 122 early-stage cancers diagnosed with 
mammography progressed to advanced disease.10 This not 
only reflects the lack of reduction in the incidence of advanced 
breast cancers despite screening but may also explain the 
lack of mortality benefit with screening measures.

Third, screening mammography can result in finding can-
cers that do not affect the disease's natural history (overdi-
agnosis). Patients may die with such cancers and not of it.  
It is estimated that around 10 to 40% of all breast cancers diag-
nosed in screening mammography trials could be attributed 
to overdiagnosis.11 In 2008, breast cancer was possibly overdi-
agnosed in more than 70,000 women, who accounted for 31% 
of all breast cancers diagnosed. Between 1979 to 2008, over 
1 million cases may have been overdiagnosed, as shown by 
various estimates.10

Finally, the often understated harm of overdiagnosis is the 
impact of cancer therapy. Cardiac exposure to ionizing radi-
ation can cause a subsequent increase in the risk of ischemic 
heart disease.12,13 Darby et al observed a linear increase in 
rates of major coronary events with the mean dose by 7.4% 
per gray, without any apparent threshold effect. The cardio-
toxicity started within the first 5 years after radiotherapy and 
continued into the third-decade postradiotherapy.14 Longer 
duration of aromatase inhibitor use was also associated 
with increased odds of developing cardiovascular disease  
(OR = 1.26, p < 0.001; number needed to harm—132) and 
hypercholesterolemia.15 These downstream effects of  
treatment for overdiagnosed cancers can have detrimental 
effects, often causing more harm than good.

Screening Mammography: Is It Oversold?
Even if screening is marginally beneficial, are we overselling 
screening to our patients? A meta-analysis of nine screening 
mammography trials demonstrated that among women aged 
39 to 75 years invited to screen, the prevented fraction of 
breast cancer mortality at 13-year follow-up was 0·80 (95% 
CI, 0.73–0.89), with a relative risk reduction of 20%.3 A study 
was conducted to understand women's perceptions of the 
effects of mammography screening on breast cancer mor-
tality in the US. Among the 4140 women who participated, 
68% women believed that screening prevents or reduces the 
risk of contracting breast cancer, 62% thought that screen-
ing at least halves breast cancer mortality, and 75% believed 
that 10 years of regular screening would prevent 10 or more 
breast cancer deaths per 1,000 women. This study demon-
strates that most women grossly overestimate the benefits 

expected from screening mammography compared with its 
actual effect.16 Hence, appropriate communication of likely 
benefit and harm is required between the physician and 
patient.6

Is Mammography the Be-All and End-All of 
Screening for Breast Cancer?
An alternative to screening mammography was suggested by 
a Canadian trial, which showed that annual mammography 
in women aged between 40 to 59 years was no better than 
a physical examination or usual care in terms of mortality 
reduction, especially in the era of adjuvant therapy.17 During 
the 5-year screening period, 666 invasive breast cancers 
(among 44, 925 participants) were diagnosed in the mam-
mography arm versus 524 (among 44, 910 participants) in 
the control arm. Of these, 180 and 171 women died of breast 
cancer during the follow-up period in the mammography and 
the control arms, respectively, with an overall hazard ratio 
(HR) for death being 1.05 (95% CI, 0.85–1.30). Thus, the cumu-
lative breast cancer mortality was similar between the two 
arms (HR: 0.99, [0.88 to 1.12]). After 15 years of follow-up, 
an excess of 106 cancers was observed in the mammogra-
phy arm, which can be attributed to overdiagnosis. Thus, 
this trial provided an alternative solution to screening using 
mammography. However, it was not incorporated in the most 
commonly used U.S. Preventive Services Task Force (USPSTF) 
guidelines, which reports insufficient evidence for or against 
clinical breast examination (CBE).

The often advertised tagline of “Screening Saves Lives” is 
likely to be accurate, albeit the quantum of benefit is expected 
to be minuscule. Screening mammography likely saves lives 
even with better systemic therapy, but not as much as indi-
cated by the screening trials. One can argue both ways for 
whether it is reasonable to skip breast cancer screening given 
its harms.18 A good annual CBE likely saves lives too. Hence, in 
our opinion, giving women a choice and engaging in shared 
decision-making must be unequivocally adopted as the best 
practice.

Breast Cancer Screening in India
In 2016, the government of India declared population-wide 
screening of oral, cervical, and breast cancer for women over 
30 years of age.19 Breast cancer screening was recommended 
using CBE done once in 5 years for women between 30 and 
65 years. Such a decision was made primarily to improve 
India's dismal breast cancer survival outcomes (5-year sur-
vival rate is around 65% compared with around 85% in the 
US). Should the government of India have adopted screening 
mammography instead of CBE? We believe that there is no 
role for population-wide screening mammography program 
in India (and likely in other low-middle income countries 
[LMIC]) for the following reasons.

First, the burden of breast cancer in India and other 
LMIC is much different from developed countries. There are 
approximately 150,000 breast cancer cases diagnosed every 
year in India.20 The breast cancer incidence in India is around 
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one-fifth of that seen in Western countries. Currently, the 
burden of breast cancer in India is much less than in coun-
tries where screening trials have been conducted.

Second, breast cancer is diagnosed at a much younger age in 
India than the West (median age of around 50 years).21 Younger 
women will have denser breasts, and in such women, there is 
a high risk of a false-negative mammogram.

Third, the prevalence of triple-negative breast cancer 
(TNBC) in India is considerably higher than that seen in 
Western populations.22 As many as one in three women with 
breast cancer could have a triple-negative disease. This find-
ing has significant clinical relevance, as it may contribute to 
poor outcomes in patients with breast cancer in India.

Of note, a TNBC diagnosis is also associated with a higher 
chance for interval cancers missed despite screening efforts. 
This is attributable to length bias, since triple-negative 
tumors grow rapidly with little time for preclinical detec-
tion. Interval breast cancers have been associated with 
triple-negative disease (OR = 2.0) and dense breasts.18,23

Finally, mammography requires extensive infrastructure, 
adequate histopathologic services, and appropriate and eas-
ily accessible imaging services. Furthermore, there are multi-
ple challenges related to its affordability and scalability.

Clinical Breast Examination May Trump 
Mammography
Based on the World Health Organization (WHO), a 
good screening program should meet 10 principles.24  
When applied to an Indian setting, breast cancer screening 
via mammography does not fulfill at least three of these prin-
ciples: adequate facilities for diagnosis and treatment should 
be available (a challenge in the current Indian setting due to 
scarcity of resources described above); the natural history of 
the disease should be adequately understood (much research 
is needed to understand the epidemiology of breast cancer 
in the Indian population); the cost of case findings (includ-
ing diagnosis and treatment) should be economically bal-
anced with possible expenditure on medical care as a whole 
(given lack of universal health care and out-of-pocket form of  
payment, an economic imbalance currently exists).

Therefore, CBE might be the best screening test for the 
Indian population. Although CBE has not been shown to 
reduce mortality, sufficient evidence exists that it shifts the 
stage distribution of tumors detected toward a lower stage. 
A cluster randomized controlled trial from Kerala state in 
India evaluated whether three rounds of triennial CBE can 
reduce the advanced disease incidence rate. After complet-
ing the first round of screening, the age-standardized inci-
dence rates for early-stage (stage IIA or lower) breast cancer 
were 18.8 and 8.1 per 100,000 women. For advanced-stage 
(stage IIB or higher) breast cancer, the rates were 19.6 and 
21.7 per 100,000 women in the intervention and control 
arms.25 More women in the CBE cohort were diagnosed with 
breast cancer and at a lower stage. It is difficult to conclude 
whether the apparent downstaging of the disease will hold 
up in later rounds of screening as well.

Conclusion

Currently, population-wide screening mammography has 
no role in India. The prospect of screening with CBE once in 
5 years (as per the current Government policy) is likely to 
be of little benefit with regard to improvement in survival 
outcomes. Nevertheless, we cannot negate the fact that such 
an organized program can raise awareness and improve 
infrastructure. Thus, this may serve as a silver lining of the 
government policy. The more significant challenge will be 
building a health system that will provide high-quality care 
in an accessible and equitable way. We believe that increasing 
awareness and regular self-breast examination will promptly 
provide the greatest bang for the buck, with a clearly defined 
path to access care.
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