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Abstract

Introduction

In the absence of evidence on the effect of mammographic screening on overall mortality,
comparing the number of deaths avoided with the number of deaths caused by screening
would be ideal, but the only existing models of this type adopt a very narrow definition of
harms. The objective of the present study was to estimate the number of deaths prevented
and induced by various mammography screening protocols in Brazil.

Methods

A simulation study of cohorts of Brazilian women screened, considering various age groups
and screening interval protocols, was performed based on life tables. The number of deaths
avoided and caused by screening was estimated, as was the absolute risk reduction, the
number needed to invite for screening—NNS, the net benefit of screening, and the ratio of
“lives saved” to “lives lost”. Nine possible combinations of balances between benefits and
harms were performed for each protocol, in addition to other sensitivity analyses.

Results and conclusions

The most efficient protocol was biennial screening from 60 to 69 years of age, with almost
three times more deaths avoided than biennial screening from 50 to 59 years of age, with a
similar number of deaths avoided by biennial screening from 50 to 69 years of age and with
the greatest net benefit. Compared with the best scenario of annual screening from 40 to 49
years of age, the NNS of the protocol with biennial screening from 60 to 69 years of age was
three-fold lower. Even in its best scenario, the addition of annual screening from 40 to 49
years of age to biennial screening from 50 to 69 years of age results in a decreased net ben-
efit. However, even in the 50—-69 year age group, the estimated reduction in breast cancer
mortality for Brazil was half that estimated for the United Kingdom.
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Introduction

In the absence of evidence on the impact of mammographic screening on overall mortality,
many attempts to determine the balance between the harms and benefits of screening compare
different outcomes, generating a search for an arbitrary and questionable ideal balance value
between these outcomes [1]. These comparisons make it difficult for physicians and women to
decide on screening because the benefits are usually expressed by a more severe outcome
(mortality from breast cancer) and the harms are expressed by intermediate outcomes that are
difficult to understand and less severe, such as false-positive results and rate of overdiagnosis
[2]. As a result, these intermediate harm outcomes are generally not as valued by women as the
possible benefits [3] and can even be interpreted as a benefit [2]. Due to these limitations,
models that could compare the number of deaths avoided with the number of deaths caused
by screening would be ideal, but the only existing models of this type adopt a very narrow defi-
nition of the harms associated with screening [4, 5]. Some authors argue that if all the harms
associated with screening are considered, the probable conclusion is that more screened
women than unscreened women would die [6, 7]. However, to date, no published study on the
balance between the harms and benefits of this intervention has covered all the harms known
to be associated with screening and a potential increase in deaths.

In addition, few studies have attempted to estimate risks and benefits in low-and middle-
income countries (LMICs) with lower incidences of breast cancer. Modeling studies published
to date have used erroneous assumptions about the natural history of the disease and did not
consider the existence of lead-time, length-time and overdiagnosis biases in stage changes
resulting from screening. These studies also did not include the harms associated with screen-
ing, either their impact on the production of premature deaths or its effect on the quality of life
of affected women [8-10]. Brazil is the fifth most populous country in the world, and mammo-
graphic screening has been considered a public policy priority for more than 15 years and is
widely disseminated throughout the country [11].

The aim of the present study is to estimate the harms and benefits of mammographic
screening in Brazil in terms of deaths avoided and caused by mammographic screening, calcu-
lating the net benefit and the ratio of lives saved to lives lost and comparing different screening
protocols.

Materials and methods

A simulation study was conducted based on life tables, using secondary national-level demo-
graphic, breast cancer screening and multiple-cause mortality data, all available without any
identifiable information and freely accessible on the website of the Brazilian Ministry of
Health, which is responsible for storing data from various official sources of information in the
country. The harm and benefit parameters were obtained through systematic literature
searches performed by the authors and have already been described in detail elsewhere [11-
13]. S1-S3 Tables in S1 File present a summary of the main data sources that were used for all
outcomes included in the simulations to evaluate the potentially lethal harms and benefits of
mammographic screening. Cohorts screened and unscreened biennially from 50 to 69 years of
age and separately from 50 to 59 years and 60 to 69 years of age were modeled. Both the bene-
fits and the harms of mammographic screening were compared with a control group for
which it was assumed that these beneficial or harmful effects were not significant, i.e., the Bra-
zilian population of 2012. This group was chosen as a control group because the benefits and
main harms of screening only began to emerge more than 5 years after achieving coverage
similar to those achieved by screening trials and suggested by the coverage recorded in 2008 in
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the country [14]. In total, 480 life tables for estimated harms and five for estimated benefits
were constructed from data on screening in Brazil.

Cumulative mortality from breast cancer and from other causes in the Brazilian population
was calculated based on the construction of life tables [15]. The cumulative risk of death from
breast cancer between 55 and 79 years of age was calculated, assuming that mammographic
screening initiated at 50 years takes 5 years to have an impact on breast cancer mortality and
that this screening effect remains for another 10 years after its interruption at 69 years of age
[16]. This approach allowed the estimation of the absolute effect of mammographic screening
in Brazil, both in terms of effectiveness in reducing breast cancer mortality, measured by abso-
lute risk reduction (ARR) and number needed to invite to screening (NNS), and in terms of
increased mortality from other causes associated with mammographic screening [11-13]. It
also enabled the calculation of the net benefit of screening by subtracting the number of deaths
potentially caused by screening from the number of potentially preventable deaths with this
same intervention as well as the ratio of “lives saved” by screening to “lives lost” as a function
of the harms of screening. In the age group of 40 to 49 years, the cumulative mortality consid-
ered was mortality from 45 to 59 years, and in the cohort screened from 40 to 69 years of age,
the cumulative mortality considered was mortality from 45 to 79 years, according to the same
principle that the reduction in mortality would take 5 years to occur and would last for 10
years after the interruption of screening [16].

The following were considered harms associated with mammographic screening compared
to the no-screening scenario: 1) deaths from breast cancer induced by ionizing radiation asso-
ciated with screening mammograms and repeated tests due to inconclusive screening results
classified with a Breast Imaging Reporting and Imaging (BI-RADS) score of 0 or due to the
diagnostic investigation of false-positive cases; 2) suicide deaths within 12 weeks after overdi-
agnosis; 3) cardiovascular deaths within 4 weeks after overdiagnosis; 4) surgical mortality asso-
ciated with excessive mastectomy (overtreatment); 5) deaths due to Stewart-Treves syndrome,
resulting from chronic lymphedema as a complication of excessive mastectomy (calculated
only for the scenario most unfavorable to screening); and 6) deaths associated with excessive
radiotherapy (overtreatment), including increased deaths due to radio-induced breast sar-
coma, cardiovascular diseases, lung cancer and esophageal cancer from 5 years after onset to
15 years after the end of screening. All these harms were calculated based on the hypothetical
cohorts of 10,000 women screened.

For the sensitivity analysis of the benefits and harms of screening, three different scenarios
were estimated: best scenario for screening, base case (most likely scenario based on the best
available evidence) and worst scenario for screening. In general, point estimates were used for
the base case, and 95% confidence interval estimates were used for the other two scenarios (S2
and S3 Tables in S1 File). For each screening protocol, these three scenarios for harms of
screening and three scenarios for benefits were simulated, totaling nine possible combinations
of balances between benefits and harms for each protocol. In addition to these nine scenarios
for each protocol, other sensitivity analyses were performed for benefits and harms (52-S5
Tables in S1 File).

The number of deaths from breast cancer induced by ionizing radiation from mammo-
grams was based on modeling studies on the subject already published in both the national
[17] and international [4, 5, 18] literature, considering an attendance rate of 80% at screening.
For all screening protocols, in the worst scenario, an increase of 10% in the number of deaths
due to radiation from diagnostic investigation tests following false-positive screening was
added [4]. Additional sensitivity analyses were performed, considering the variation in the
attendance rate and radiation dose related to the types of mammography devices used (54 and
S5 Tables in S1 File).
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The calculation of the percentage of overdiagnosis was based on randomized clinical trials
in which screening was not offered to the control group after the end of the intervention
period [19, 20]. The formula used to calculate the percentage of overdiagnosis was the ratio
between the numerator given by the difference in the number of cancers in the arm screened
with mammography and the number observed in the control group and the denominator
given by the cancers detected during screening in the arm with mammography. The period
chosen for recording these numbers was from the beginning of the clinical trials until 5 years
after the end of those trials, due to the lead-time effect [19, 21], considering the screening fre-
quency and age range. More detailed explanations of the criteria adopted for the choice of
overdiagnosis estimates can be found elsewhere [19].

To estimate the number of breast cancer cases that would be detected by screening, a review
of the parameters established based on the BI-RADS classification and of all national reports of
cancer detection rate (CDR) for mammographic screening published in the literature was per-
formed (S6 Table in S1 File), and data from the national breast cancer information system [22]
available on the Ministry of Health website were used. The estimated CDRs by age group are
shown in §7 Table in S1 File.

The number of cases of overdiagnosis was obtained by multiplying the percentage of over-
diagnosis by the number of cases of breast cancer that would be detected by screening in the
cohort of 10,000 Brazilian women screened in the various screening protocols studied.

Mortality rates due to suicide and cardiovascular causes were calculated by detailed age (per
year) in the Brazilian population in 2012. Using the mortality data, life tables were constructed
for each age group (in years), considering as the initial number only the women who were
overdiagnosed in each age group according to the adopted model and using the increase in rel-
ative risk (RR) after breast cancer diagnosis [23].

The deaths associated with excessive radiotherapy (overtreatment) were based on the RRs
obtained in meta-analyses of clinical trials for the treatment of localized breast cancer [24, 25].
Life tables were then constructed for each cohort of overtreated women for each age group
detailed in years. As there is no direct quality evidence regarding the increased risk of cardio-
vascular disease or lung cancer with the current radiation doses, the increase in RR with the
current radiotherapy techniques was estimated for the present study. Data from meta-analyses
of clinical trials with older doses were used, and from the total dose for the heart and lungs, the
excess RR (ERR) per radiation dose in grays (Gy) was estimated and applied to the modern
average doses in the heart and lung [24]. Deaths due to angiosarcoma associated with over-
treatment with adjuvant radiotherapy [26-28] were only included in the worst scenario due to
uncertainties in the literature about the magnitude of the increased risk of death [24]. For the
sensitivity analysis, the highest doses of radiation were used in the worst scenario, and the vari-
ation in the duration of the risk increase with radiotherapy was also evaluated with the worst
scenario, with persistence of the risk increase for 20 years, following the observations in a
meta-analysis of clinical trials [24]. In the best scenario, the increased risk in the model began
only in the fifth year after treatment and ended after 15 years.

To calculate the number of excess biopsies, the procedures resulting from false-positive
screening and those from the overdiagnosis investigation were summed. The distribution of
false-positive results with indications for biopsy according to age range, screening frequency
and breast density were obtained from the literature [29]. The attendance rate used was com-
patible with that observed in clinical trials of mammographic screening and was also used for
the calculation of other harms of screening in the simulations.

Our study used only publicly available secondary sources of anonymized data and no ethi-
cal committee approval was required.
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Results

Even in the unlikely event that screening from 40 to 49 years was found to be efficacious (best
scenario), the NNS would be much higher, with an ARR value almost 10 times lower than in
the best scenario for biennial screening from 50 to 69 years (Table 1). The superiority of the
absolute benefit of screening in the age group of 60 to 69 years is evident in the number of
deaths from breast cancer avoided in the screening, being almost three times higher than that
for the age group of 50 to 59 years in the base case (Table 1). The comparison of the results
found for screening benefits in Brazil with other results in the literature are described in S8
and S9 Tables in S1 File.

With regard to harms, this situation is reversed. The annual screening in the age group of
40 to 49 years approximately doubles the harms, such as false-positive results and excess biop-
sies, when compared to the biennial screening in the age group of 50 to 59 years or of 60 to 69
years, in addition to generating more cases of overdiagnosis and overtreatment (510 and S11
Tables in S1 File). It also has the worst ratio between deaths avoided and those caused by
screening, even in the best scenario (Table 2). If the harms from the worst scenario are consid-
ered, even with the benefits of the best scenario, the net benefit of the annual screening from
40 to 49 years would be only 1.8. In this protocol, the RR of the reduction in breast cancer mor-
tality with screening has to be 0.962 or lower for the benefits to outweigh the harms predicted
in the worst scenario in terms of deaths caused by screening.

The lowest number of deaths caused by screening occurred with biennial screening from 50
to 59 years (Table 2). This causes the ratio between deaths avoided and deaths caused by
screening to be higher in the range of 50 to 59 years than in the range of 60 to 69 years (16.42
versus 12.41) (Table 2). Nevertheless, the net benefit of screening in absolute terms (avoided
deaths minus deaths caused by screening) was much higher in the 60-69-year-old age group
than in the 50-59-year-old age group (Table 2).

Of all the screening protocols evaluated, the most efficient was biennial screening from 60
to 69 years (Table 2). With only five screening rounds in 10 years, the protocol avoids a similar
number of deaths as biennial screening from 50 to 69 years (Table 3) and annual screening

Table 1. Effectiveness of mammography screening in Brazil according to the target population and scenario.

Age group RR ARR (%) NNS Deaths avoided™
40-49 years (best scenario) 0.92 0.034% 2,964 3.37
40-49 years (additional analysis) 0.93 0.030% 3,387 2.95
40-49 years (additional analysis) 0.88 0.051% 1,976 5.06
50-59 years (base case) 0.86 0.083% 1,205 8.30
50-59 years (best scenario) 0.68 0.190% 527 18.97
50-59 years (worst scenario) 0.97 0.018% 5,623 1.78
60-69 years (base case) 0.67 0.230% 435 22.98
60-69 years (best scenario) 0.54 0.320% 312 32.03
60-69 years (worst scenario) 0.83 0.118% 845 11.84
50-69 years (base case) 0.78 0.229% 437 22.86
50-69 years (best scenario) 0.69 0.322% 310 32.22
50-69 years (worst scenario) 0.90 0.104% 962 10.39
50-69 years (additional analysis) 0.80 0.208% 481 20.78

RR = Relative Risk; ARR = Absolute Risk Reduction
NNS = Number Needed to invite for Screening to avoid a death from breast cancer.

*Deaths avoided in 10,000 women invited to screening in the age group.

https://doi.org/10.1371/journal.pone.0297048.t001
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Table 2. Deaths avoided and deaths caused by mammographic screening in Brazil among 10,000 women invited to screen, compared with those without mammo-
graphic screening in the respective age groups.

Benefits and harms associated with mammography screening Number of deaths prevented and deaths caused by mammographic screening
Biennial screening from 50 to | Biennial screening from 60 to | Annual screening from 40 to
59 years old 69 years old 49 years old
BS BC WS BS BC WS BS BC WS
Breast cancer deaths prevented by screening 18.968 8.299 1.778 32.026 22.975 11.836 3.374 0.000 0.000
NNS (to prevent a breast cancer death) 527 1205 5623 312 435 845 2964 NA NA
Deaths from breast cancer radioinduced by mammograms 0.083 0.129 0.141 0.037 0.057 0.063 0.544 0.842 0.926
Deaths caused by overtreatment with surgery 0.000 0.040 0.050 0.000 0.061 0.075 0.000 0.071 0.088
Deaths from cardiovascular disease caused by RT overtreatment 0.103 0.257 0.428 0.673 1.558 2.596 0.073 0.197 0.328
Deaths from lung cancer caused by RT overtreatment 0.075 0.075 0.136 0.151 0.151 0.273 0.081 0.081 0.147
Esophageal cancer deaths caused by RT overtreatment 0.000 0.000 0.028 0.000 0.000 0.073 0.000 0.000 0.027
Deaths from pulmonary embolism caused by RT overtreatment 0.000 0.000 0.023 0.000 0.000 0.089 0.000 0.000 0.020
Deaths from sarcoma caused by RT overtreatment 0.000 0.000 0.018 0.000 0.000 0.027 0.000 0.000 0.032
Suicide deaths associated with overdiagnosis 0.000 0.001 0.002 0.000 0.002 0.004 0.000 0.001 0.004
Cardiovascular deaths associated with overdiagnosis 0.001 0.003 0.003 0.006 0.023 0.023 0.001 0.002 0.002
Total deaths caused by screening 0.262 0.505 0.830 0.867 1.851 3.223 0.698 1.194 1.574
Net benefit from screening* 18.706 7.793 0.948 31.159 21.124 8.613 2.676 none none
Ratio of lives saved to lives lost 72.265 16.421 2.142 36.932 12.410 3.672 4.832 - -

RT = Radiotherapy; BS = Best Scenario; BC = Base Case; WS = Worst Scenario

*Number of deaths prevented minus number of deaths caused by screening.

https://doi.org/10.1371/journal.pone.0297048.t002

from 40 to 49 years followed by biennial screening from 50 to 69 years (Table 3). The ratio
between deaths avoided and caused by screening and the net benefit are also similar for bien-
nial screening from 60 to 69 years and biennial screening from 50 to 69 (Tables 2 and 3). The

Table 3. Deaths avoided and deaths caused by mammographic screening in Brazil, based on the screening protocol for 10,000 women invited to screen, compared
with those without mammographic screening in the respective age groups.

Benefits and harms associated with mammography screening Biennial screening from 50 to 69 years old Annual screening from 40 to 49 years,

followed by biennial screening from 50 to 69
years
BS BC WS BS BC WS

Breast cancer deaths prevented by screening 32.216 22.863 10.392 34.806 22.307 10.139
Deaths from breast cancer radioinduced by mammograms 0.120 0.186 0.204 0.664 1.027 1.130
Deaths caused by overtreatment with surgery 0.000 0.101 0.124 0.000 0.172 0.212
Deaths from cardiovascular disease caused by RT overtreatment 0.492 1.142 1.903 0.546 1.293 2.072
Deaths from lung cancer caused by RT overtreatment 0.213 0.213 0.383 0.282 0.282 0.509
Esophageal cancer deaths caused by RT overtreatment 0.000 0.000 0.097 0.000 0.000 0.120
Deaths from pulmonary embolism caused by RT overtreatment 0.000 0.000 0.107 0.000 0.000 0.123
Deaths from sarcoma caused by RT overtreatment 0.000 0.000 0.045 0.000 0.000 0.077
Suicide deaths associated with overdiagnosis 0.000 0.002 0.005 0.000 0.003 0.008
Cardiovascular deaths associated with overdiagnosis 0.004 0.016 0.016 0.004 0.014 0.014
Total deaths caused by screening 0.829 1.659 2.885 1.496 2.791 4.265
Net benefit from screening™ (in number of deaths prevented) 31.387 21.204 7.507 33.310 19.515 5.875
Ratio of lives saved to lives lost 38.850 13.779 3.602 23.272 7.992 2.377

RT = Radiotherapy; BS = Best Scenario; BC = Base Case; WS = Worst Scenario

*Number of deaths prevented minus number of deaths caused by screening.

https://doi.org/10.1371/journal.pone.0297048.t003
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Table 4. Distribution of causes of death (%) associated with mammographic screening.

Cause of death Annual screening from 40-49 years Biennial screening from 50-69 years

BS BC WS BS BC WS

Breast cancer radioinduced by mammograms 77.92 70.46 58.83 14.47 11.19 7.08
Overtreatment with surgery 0 5.97 5.58 0 6.09 4.31
Cardiovascular diseases related to RT overtreatment 10.40 16.49 20.86 59.36 68.81 65.96
Lung cancer related to RT overtreatment 11.57 6.76 9.31 25.65 12.82 13.29
Esophageal cancer related to RT overtreatment 0 0 1.72 0 0 3.37
Pulmonary embolism related to RT overtreatment 0 0 1.29 0 0 3.70
Sarcomas related to RT overtreatment 0 0 2.03 0 0 1.57
Suicide related to overdiagnosis 0.03 0.12 0.23 0.03 0.11 0.16
Cardiovascular diseases related to overdiagnosis 0.08 0.20 0.15 0.49 0.98 0.57
Total 100 100 100 100 100 100

RT = Radiotherapy; BS = Best Scenario; BC = Base Case; WS = Worst Scenario

https://doi.org/10.1371/journal.pone.0297048.1004

NNS of the biennial screening from 50 to 69 was 310, 437 and 962 for the best scenario, base
case and worst scenario, respectively.

For annual screening in the age group of 40 to 49 years, cancers induced by mammograms
were the leading cause of death in all three scenarios (Table 4). S12 Table in S1 File shows the
same information but for the cohorts subjected to annual screening from 40 to 49 years, fol-
lowed by biennial screening from 50 to 69 years. S4 and S5 Tables in S1 File show additional
analyses for the number of deaths from breast cancer induced by mammograms.

For biennial screening in the age group of 50 to 69 years, deaths from overtreatment with
radiotherapy were the main cause of death in all three scenarios (Table 4, S13 and S14 Tables
in S1 File). By dividing the deaths caused by screening into groups of diseases, the first place
was occupied by cardiovascular diseases in all scenarios evaluated (59.85%, 69.79% and
70.22%, respectively, in the best scenario, base case and worst scenario), with secondary can-
cers placing second (Table 4). S15 Table in S1 File shows detailed results for mortality associ-
ated with surgery.

Discussion

To the best of our knowledge, this is the broadest study on harm estimation of breast cancer
screening ever published, evaluating the absolute impact of mammographic screening not
only in terms of deaths avoided but also considering a broad spectrum of deaths caused by
screening. It is common, for example, for deaths from breast cancer induced by radiation from
screening mammograms to be considered the only cause of death attributed to screening, in
most cases excluding even ionizing radiation associated with false-positive cases, assuming in a
biased manner that the benefits outweigh the harms [4, 17, 18, 30]. Even other models that
consider other types of screening risks [7, 16] are less comprehensive than the present study in
terms of harms of screening. The same occurs in systematic reviews and clinical guidelines
[11,20, 31, 32].

In LMICs, breast cancer incidence and mortality rates are generally lower than the rates in
high-income countries (HICs) where all mammographic clinical trials and modeling studies
have been performed. This lower incidence and mortality result in lower effectiveness of mam-
mographic screening in LMICs, which currently account for approximately 60% of breast can-
cer deaths worldwide [33]. This implies a lower absolute effect of mammographic screening,
even assuming that the relative effect remains the same as in clinical trials. Nevertheless, in

PLOS ONE | https://doi.org/10.1371/journal.pone.0297048 January 25, 2024 7/17


https://doi.org/10.1371/journal.pone.0297048.t004
https://doi.org/10.1371/journal.pone.0297048

PLOS ONE

Harms and benefits of mammographic screening in Brazil

general, clinical screening guidelines developed in HICs have been uncritically adopted by the
rest of the world [2, 11].

Several published models on the cost-effectiveness of mammographic screening ignore the
harms associated with this intervention [8-10, 34]. They assume that the change in the stage
distribution translates into changes in survival, without considering that most of this change is
due to lead-time and overdiagnosis biases [11]. An indication of the overestimation of survival
gains in these modeling studies is that it is difficult to prove an increase in survival with screen-
ing based on data from randomized clinical trials [35].

Another error found, for example, in the model used by the latest guidelines of the Ameri-
can Cancer Society [36], is the use of breast cancer incidence rates to determine the target age
range for screening. As screening increases the number of detected (diagnosed) cases, guide-
lines such as those of the American Cancer Society indicate screening based on this criterion,
without considering that many of the cases detected are overdiagnosed. As the screening of
young women is widespread in the USA—and in Brazil—the overdiagnosis resulting from this
practice ends up becoming an argument for its recommendation, generating a vicious cycle
that perpetuates wrong practices and generates excess harms. Conversely, the mortality out-
come used in the present model is not influenced by overdiagnosis.

The calculation of the absolute benefit of screening in Brazil revealed an impact similar to
that observed in clinical screening trials [37] but considerably lower than the absolute benefit
reported in the literature in models created for HICs, even with the use of the same RR reduc-
tions. One explanation is that, according to our results, the percentage of Brazilian women
between 55 and 79 years who die from breast cancer in a scenario with low mammographic
screening coverage is 1.04%. For the United Kingdom, for instance, this value is 2.13%, and it
is expected that if 10,000 Brazilian women are invited for biennial mammographic screening
for 20 years, 21 deaths from breast cancer would be avoided, not 43 as predicted for the United
Kingdom, with an NNS of 481 in Brazil rather than 235 [16]. Therefore, even in this age group,
the estimated effect for Brazil in reducing breast cancer mortality was half that estimated for
the United Kingdom by the UK Independent Panel, even assuming the same RR and using
similar methods. In a model developed for the USA, the estimated number of deaths from
breast cancer avoided with biennial screening from 50 to 74 years was three times higher than
estimated in the present study: 63 per 10,000 women [4].

The practical implication of these results is that the absolute benefit of mammographic
screening in Brazil is lower than that in the UK and other countries with higher breast cancer
mortality rates. Our results also apply to countries with lower breast cancer mortality rates in
age groups that would benefit from screening. Even assuming the same relative risk reduction
observed in clinical trials carried out in Europe and North America, we will have smaller abso-
lute risk reductions in Brazil and in other countries with lower breast cancer mortality. Abso-
lute risk reduction has the most practical importance since it translates into the number of
lives actually saved by screening. These population risks of developing breast cancer are
dynamic and have increased in Asian and Latin American countries, due to the adoption of a
westernized diet and lifestyle, increased prevalence of obesity, lower birth rates, older age at
first pregnancy, shorter breastfeeding time, and other factors [38]. These risk factors increase
the baseline breast cancer risk of the population in terms of incidence and mortality rates and
tends to make screening more effective. However, analyses of recent incidence trends in young
women and projections for the coming decades do not indicate a relevant scenario changes in
Brazil [39].

The estimation of screening effectiveness in Brazil is further reduced when lower RRs are
used in the sensitivity analysis. Estimating a 15% relative reduction in breast cancer mortality
suggested by the Cochrane Review [20], for example, with screening from 50 to 69 years, we
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would have a 0.16% absolute reduction in cumulative mortality from 55 to 79 years in Brazil,
an NNS of 641, with 16 deaths from breast cancer avoided. However, it should be considered
that this proposal for RR by the Cochrane review refers to clinical trials of mammographic
screening in general, in which women aged 40 to 49 years were the most studied group, which
explains why the ARR is more compatible with those estimated for the age group of 40 to 49
years in the present study (0.05%). In another systematic review, it was estimated that with
biennial or triennial screening, to avoid death from breast cancer, it would be necessary to
screen 2,108 and 721 women in the age groups 40 to 49 and 50 to 69 years, respectively [31]. A
modeling study suggests that the balance between harms and benefits of triennial screening
would be more favorable for low-risk women than that for biennial screening [40], but there is
no direct high-quality evidence that demonstrates the superiority of triennial screening [12].

For annual screening from 40 to 49 years, even in an optimistic scenario, where it is consid-
ered effective, the balance between prevented and caused deaths would be borderline, and the
effectiveness would be much lower, with an NNS of approximately triple the value estimated
for the biennial screening from 60 to 69 years and a number of deaths avoided seven-fold
lower than that in this age group. If the current recommendation of biennial screening from
50 to 69 years was changed by advancing the beginning of screening to 40 years of age, with an
annual frequency until 49 years of age, even if considered to be effective, the net benefit of
screening would decrease when compared to the currently recommended protocol in the
country [12], if considering the most likely scenario of harms from screening. The use of over-
estimated relative risks reductions of mortality with screening and lack of information on
absolute risks remain key problems even in the most recent modeling studies that recommend
screening in women under 50 years of age [41].

The guidelines of the American College of Physicians agree with the results presented here:
in women between 40 and 49 years of age, the potential harms of screening outweigh its bene-
fits, and in addition to lower absolute benefits, a larger number of false positives and a greater
degree of overdiagnosis occur in this age group [42]. The alleged transient reduction in mortal-
ity in the first 10 years of follow-up [43] may be due to the “left-to-nature” design of the UK
Age Trial, which may have improved awareness and medical care in the intervention group
and may have influenced the determination of the cause of death [44].

Although competing causes of death are more common in elderly women, the risk of breast
cancer is also greater in this group than it is in younger women, contributing to a greater
reduction in the absolute risk of death from breast cancer with mammographic screening.
Therefore, although we have used real mortality rates in the country by age group and life
tables, both considering competing causes of mortality, this did not compromise the effective-
ness of screening in the older group. On the other hand, regarding the risks of screening in the
age group of 60-69 years, competing causes of mortality influenced our results, as older
women have a higher baseline risk of cardiovascular disease, which increases with overtreat-
ment of breast cancer. Even so, the net benefit was the most favorable in this age group. How-
ever, it is also important to consider the age to stop screening; in women > 70 years, there is
insufficient evidence of screening benefit and an increased risk of overdiagnosis [45]. More-
over, if we were to include screening among women over 70 years of age, there could be a
reduction in the estimated absolute benefit due to comorbidities.

The number of deaths due to cancer induced by screening mammograms used in the pres-
ent study was consistent with other studies in the literature. For example, the number of deaths
in the age group of 50 to 59 years for Brazil was identical to the number of deaths estimated for
the age group of 50 to 59 years in the Canadian model [30]. However, the numbers used for
Brazil show at least one source of underestimation: radiation from additional tests resulting
from false-positive results was not added to the model. Another factor that may have
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contributed to the underestimation is that the Brazilian study estimated mortality and inci-
dence up to 85 years, while other studies estimated it for life or up to 100 years [4].

Women with very large breasts need a higher dose of radiation per examination and a
higher number of incidences, resulting in an excess of 21 deaths per 100,000 [4]. This situa-
tion is similar to that of women with breast implants, which are very prevalent in Brazil.
Thus, the simple consideration of this increased risk associated with breast volume would
eliminate any possible net benefit of annual mammographic screening from 40 to 49 years
even in the most optimistic scenario used in the present study. This is without considering
that obese women are 20% more likely to have false-positive results than are normal-weight
women [4].

False-positive results were not included in the harm-benefit simulations presented herein
due to the lack of impact on increased mortality. Despite this, false-positive results are the
most common harms of mammographic screening, and the negative psychological effects
associated with them can last up to three years [46]. The parameters adopted in the present
study for the estimation of false-positive numbers [29] are in agreement with another popula-
tion-based study conducted in the USA, both with regard to the cumulative percentage of false
positives in general and women referred for biopsy [47]. In the present study, the false-positive
probability parameters used were those from the USA, a country that has opportunistic screen-
ing and referral criteria similar to those used in Brazil.

Despite the difference in invasiveness, morbidity and complications, especially with regard
to surgical biopsy, no study to date has reported deaths directly related to any of these types of
breast biopsies, including a series of 55,936 biopsies evaluated [48]. As in the present study in
which the estimates were made for 10,000 women, it is unlikely that the excess biopsies associ-
ated with screening could have any impact on increasing mortality. In addition, the harms
associated with biopsies are not described in the screening guidelines [42].

For biennial screening from 50 to 69 years, we estimated that the largest number of deaths
caused by screening occurs due to cardiovascular deaths associated with overtreatment with
adjuvant radiotherapy, accounting for approximately 70% of the total deaths caused by screen-
ing in the most likely scenario, even when considering the modern radiation doses [24]. The
new deep inspiration breath hold technique can decrease the radiation dose to the heart, both
in intensity modulated radiation therapy (IMRT) and in volumetric modulated arc radiother-
apy (VMAT). The second main probable cause of death in this group was lung cancer, which
was also associated with overtreatment with adjuvant radiotherapy, corresponding to 13% of
all deaths caused by screening. One factor that can simultaneously increase the absolute risks
of these two complications is current smoking by women with a high smoking load (pack-
years). However, this increased risk can be mitigated by smoking cessation, even when it
occurs at the time of radiotherapy. Another encouraging prospect for the future reduction of
these harms in older women are the recent results of PRIME II trial, which showed that omis-
sion of adjuvant radiotherapy did not affect survival in women 65 years or older with T1-T2,
node-negative, estrogen receptor positive breast cancer [49].

Other factors influencing the overdiagnosis estimates

Even the most recent modeling studies fail to estimate overdiagnosis, due to overestimation of
the sojourn time and lack of estimation of LMICs with lower life expectancies [50].

We chose to use the total number of cancers detected by screening mammography in 5
years of follow-up as the denominator because larger denominators, such as the total number
of cancers detected in the experimental groups in long follow-up periods after studies have
ended, greatly dilute the estimates of overdiagnosis [19, 51].
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We estimated 102 cases of overdiagnosis for the cohort of screened individuals aged 50 to
69 years, while the estimate by the independent panel in the United Kingdom was 129 cases
[16]. One of the factors that determined this difference was the higher CDR used in the calcu-
lations for the United Kingdom, estimated from data from the National Health Service (NHS)
screening program.

The CDR increases with age and decreases in subsequent screening rounds because first-
time examinations capture prevalent cases. With the NHS data cited by the independent panel,
it is possible to infer that the mean CDR used was 0.80%, without considering interval cancers
[16]. In the USA, the CDR for screening is 0.51%, based on data from the Breast Cancer
Screening Consortium [52, 53]. As the CDR estimated here was low and was used only to esti-
mate cases of overdiagnosis, it may have underestimated the harms caused by screening in
Brazil.

We used screening adherence (attendance rate) to reduce the estimates for cases of overdi-
agnosis, thus seeking to use the same intention-to-treat logic used to calculate the RRs of mor-
tality reduction in clinical trials. Thus, we seek to balance the estimates of benefits and harms.
The attendance rate used was the same as that used by the independent panel of the United
Kingdom, which in turn was based on the attendance rates observed in most clinical trials of
mammographic screening [16, 20]. In a program with active participation of women in south-
ern Brazil, adherence to biennial screening was 80%, exactly the estimate used in the present
study [54].

Limitations and future directions

In all scenarios, it was considered that the reduction in RRs in Brazil today would be similar to
those observed in clinical screening trials. This assumption was also adopted in the main pub-
lished models [16, 31, 37]. A criticism that could be made to this approach is that, in theory,
the evolution of adjuvant therapy in recent decades may have reduced the RR of screening
because it improved the prognosis of locally advanced tumors, decreasing the contrast with the
control group [55].

Despite this rationale, estimating the real impact of adjuvant therapy in modifying the RRs
of screening is an extremely difficult task, to the point that some authors consider that the only
solution would be to start a new mammographic screening trial [56]. However, it would take
approximately 20 years to complete a new study, and the therapies used during the study
would probably be outdated by the end. Given this impasse, some authors have tried to esti-
mate this effect of adjuvant therapy on the screening effect. One of the leaders of adjuvant ther-
apy clinical trials proposed that using 5-year survival in a clinical trial of adjuvant hormone
therapy (90%) and based on the incidence of breast cancer and maintaining an RR of 0.8 with
screening, the number of deaths avoided in the UK should be four deaths, not 43, as proposed
by the independent panel [7]. However, the use of survival as an outcome overestimates the
effect of the evolution of adjuvant therapy because mammographic screening has increased in
prevalence during this period, and the lead time and cases of overdiagnosis spuriously increase
the survival time. Conversely, a modeling study created a hypothetical screening trial in 2015
and compared it with a 1975 clinical trial, concluding that there was no decrease in RRs with
screening across time [56].

A possible future direction for the present study would be to stratify the models by more
variables that influence screening effectiveness. Although the international scientific commu-
nity is increasingly interested in the notion of individualizing screening decisions, there are
currently no validated guidelines in the literature that recommend adaptations according to
the personal risk of death from breast cancer. Generally, only sex and age are used to define
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screening recommendations, with the only exception occurring in very high risk individuals.
Although promising for reducing harms and maximizing benefits [15], risk-based screening
still requires more evidence to establish risk factors, validate predictive models and implement
them in clinical practice [57], as well as more data on feasibility and acceptance by the target
population [58]. It would also be interesting to include factors that increase the harms of
screening, such as having large breasts, which increases the risk of cancer induced by mammo-
grams, or smoking, which increases the risk of the main long-term complications of overtreat-
ment with radiotherapy, such as coronary artery disease and lung cancer.

One of the main bases for estimating the harms and benefits of mammographic screening
in the present study was the Brazilian mortality data from the Mortality Information System.
Implemented in the country approximately 45 years ago, this system covers the entire national
territory and practically 100% of the deaths that occur in the country. In an evaluation con-
ducted in the early 2020s, Brazilian mortality data were classified in the same quality category
as those of European countries such as Germany, France, Italy, Spain, Switzerland, Sweden,
Norway, Denmark, Belgium and the Netherlands [59]. Due to improvements in the quality of
death records in Brazil in the last two decades, there has been not only a significant increase in
the coverage of mortality records [60] but also a gradual decrease in the percentage of ill-
defined causes [61]. For cancer, the impact of mortality from ill-defined causes tends to be
even lower. With the use of a reclassification coefficient of ill-defined causes of death, based on
the investigation of deaths in Brazil, cancer is among the group of diseases with the lowest
increase in deaths after reclassification [60].

The decision not to include excess mortality from ipsilateral and contralateral breast cancer
induced by overtreatment with radiotherapy was adopted due to a lack of data in the literature.
This choice probably underestimates, to some extent, the harms of overtreatment because the
excess incidence and late mortality from breast cancer would not be accounted for in the cal-
culations of treatment efficacy in clinical trials.

One of the main limitations of the present study is the lack of inclusion in the analyses of
the temporality of deaths. Deaths closer to the date of diagnosis of breast cancer detected by
screening have a greater impact on actual survival, as is the case for surgical deaths due to
excessive mastectomies and cardiovascular complications and suicide deaths that occur shortly
after the overdiagnosis of breast cancer. Regarding suicide deaths, recent evidence confirms
the increased risk those with situ/localized cancer in general and specifically with breast cancer
not only in the short term, as in our article, but also two years after diagnosis [62], while
another recent study found a higher incidence of suicide between 6 months and one year after
diagnosis [63]. However, these cases represent the minority of all deaths caused by screening.
Both, deaths potentially prevented by screening, and most deaths caused by screening, tend to
occur between 5 and 15 years after screening. Thus, there seems to be some balance regarding
the temporality of deaths caused and prevented by screening. One way to introduce the dimen-
sion of lifetime in the analyses would be to calculate the potential years of life lost. Considering
the probable lack of effectiveness in the screening of women aged 40 to 49 years, the inclusion
of years of life lost in the analyses would further increase the negative impact of the harms of
this practice. For example, in a model of cancer induced by ionizing radiation, the number of
years of life potentially lost from deaths due to cancer induced by screening mammograms
was more than six-fold higher for annual screening from 40 to 49 years than for biennial
screening from 50 to 59 years [30].

Importantly, the real scenario in Brazil may be even more unfavorable than those presented
in this study. The modern radiation doses used in the simulations of harms from overtreat-
ment with adjuvant radiotherapy are not doses from Brazilian studies because there are no
data available. The surgical mortality data are also not Brazilian data for the same reason. The
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same occurs with the RR of reduced mortality, used to estimate the absolute benefit of screen-
ing, which was derived from clinical trials. These RRs may be overestimated for Brazil and
other LMICs, as the estimates assume the quality assurance of mammograms and access to the
entire line of care, including timely diagnostic confirmation and treatment.

Another limitation of the present study is the non-inclusion of outcomes related to quality
of life, given the recognized psychological effects of common screening outcomes such as
false-positive results [46] and the overdiagnosis of breast cancer [23]. Although deaths by sui-
cide associated with overdiagnosis were considered in the study, less extreme cases, such as
depression, anxiety and posttraumatic stress disorder, are more prevalent and may be persis-
tent [64]. Non-lethal adverse effects of overtreatment were also not considered in the present
study, such as radiotherapy-induced acute dermatitis, which is common but generally of mod-
erate intensity [65, 66]. It is also necessary to consider that the increased risk of cardiovascular
diseases after overtreatment with radiotherapy, for example, was only evaluated in terms of
mortality, but certainly its increased incidence also has repercussions in terms of quality of life.

Conclusion

The present study indicates that the benefits of mammographic screening in terms of deaths
avoided by screening outweigh its harms in terms of deaths caused by screening in biennial
screening from 50 to 59 years, 60 to 69 years and 50 to 69 years. None of the sensitivity analyses
altered this conclusion for these screening protocols. However, even in this age group, the esti-
mated effect for Brazil in reducing breast cancer mortality was half that estimated for the
United Kingdom, for instance, even assuming the same RR. Although false-positives and cases
of overdiagnosis are more frequent than both deaths caused and prevented by screening, our
results offer an additional and more direct comparision between benefits and harms.

Comparing all the screening protocols analyzed, the most efficient is biennial screening
from 60 to 69 years, with almost three-fold more deaths avoided than for biennial screening
from 50 to 59 years and with a similar number of deaths avoided as biennial screening from 50
to 69 years.

Screening from 60 to 69 years also has the greatest net benefit. Compared with the best sce-
nario for annual screening form 40 to 49 years, the NNS of biennial screening from 60 to 69
years is three-fold lower. Even in the best scenario, the addition of annual screening from 40 to
49 years to biennial screening from 50 to 69 years results in a decreased net benefit of screening.
Therefore, screening in the age group of 60 to 69 years should be prioritized, which contrasts
with the reality of media campaigns on screening that are generally aimed at young women.

To reduce the harms caused by mammographic screening in Brazil and to ensure that the
balance between harms and benefits is likely to be favorable, the main measures that should be
adopted are as follows: incentives for adherence to biennial screening and only in the target
age group of 50 to 69 years (and especially 60 to 69 years), discouraging screening outside this
protocol; informed and shared decision-making before a referral for screening, especially
when it is requested outside of this age range, which may rely on decision aids based on the
results of the present study alongside the already traditional numbers of false-positives and
overdiagnosis cases; the implementation of national mammography and radiotherapy quality
programs; cessation of smoking by patients undergoing adjuvant radiotherapy; and the adop-
tion of new protocols omitting radiotherapy in older women with low risk breast cancer.
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