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Abstract

Abstract: Background: The coronavirus disease 2019 (COVID-19) pandemic has disrupted breast cancer control through short-
term declines in screening and delays in diagnosis and treatments. We projected the impact of COVID-19 on future breast
cancer mortality between 2020 and 2030. Methods: Three established Cancer Intervention and Surveillance Modeling
Network breast cancer models modeled reductions in mammography screening use, delays in symptomatic cancer
diagnosis, and reduced use of chemotherapy for women with early-stage disease for the first 6 months of the pandemic with
return to prepandemic patterns after that time. Sensitivity analyses were performed to determine the effect of key model
parameters, including the duration of the pandemic impact. Results: By 2030, the models project 950 (model range ¼ 860-
1297) cumulative excess breast cancer deaths related to reduced screening, 1314 (model range ¼ 266-1325) associated with
delayed diagnosis of symptomatic cases, and 151 (model range ¼ 146-207) associated with reduced chemotherapy use in
women with hormone positive, early-stage cancer. Jointly, 2487 (model range ¼ 1713-2575) excess breast cancer deaths were
estimated, representing a 0.52% (model range ¼ 0.36%-0.56%) cumulative increase over breast cancer deaths expected by 2030
in the absence of the pandemic’s disruptions. Sensitivity analyses indicated that the breast cancer mortality impact would be
approximately double if the modeled pandemic effects on screening, symptomatic diagnosis, and chemotherapy extended
for 12 months. Conclusions: Initial pandemic-related disruptions in breast cancer care will have a small long-term cumulative
impact on breast cancer mortality. Continued efforts to ensure prompt return to screening and minimize delays in evaluation
of symptomatic women can largely mitigate the effects of the initial pandemic-associated disruptions.

The novel coronavirus disease 2019 (COVID-19) pandemic has
led to broad disruptions in health care in the United States, in-
cluding major impacts on breast cancer control activities. Early
in the pandemic, public health measures barred elective

procedures, including screening mammography (1). Hospitals
faced concerns with capacity and shortages of personal protec-
tive equipment, and women weighed the benefits of attending
medical care facilities vs the risks of possible exposure.
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In the initial months of the pandemic in 2020, there were se-
vere declines in screening mammography (2-7) and reductions
in diagnostic mammography of up to 80% (8,9). Breast cancer
treatment protocols were also modified, with patient-reported
delays in treatment (10) and reductions in chemotherapy ad-
ministration (11).

Although weekly mammography volumes nearly recovered
to prepandemic levels within 6 months (2,9,12-14), the impact
of these disruptions on long-term breast cancer mortality
remains unclear. We used 3 independently developed breast
cancer simulation models from the National Cancer Institute’s
Cancer Intervention and Surveillance Modeling Network
(CISNET) (15-18) to estimate the cumulative, long-term effect of
COVID-19–related disruptions on breast cancer mortality. The
results are intended to inform plans for mitigating these effects
during and after the pandemic.

Methods

The study was determined to be other than human participant
research by institutional review boards at each institution.

Model Descriptions

The study included 3 CISNET models (15): model D (Dana-Farber
Cancer Institute) (19), model G-E (Georgetown University-Albert
Einstein College of Medicine) (20), and model W-H (University of
Wisconsin-Madison and Harvard Medical School) (21). The mod-
els are briefly summarized below; details are included in the
Supplementary Methods (available online), previous publica-
tions, and online (15,16,18-22). CISNET breast cancer models
have been previously used to inform breast cancer–screening
guideline development by the US Preventive Services Task Force
in 2009 and 2016 (17,18).

Briefly, the models estimate breast cancer incidence and
mortality in the absence of screening and treatment and then
overlay screening, diagnosis, and treatment effects to replicate
US breast cancer trends over time (15). They account for differ-
ences in 4 molecular breast cancer subtypes based on estrogen
receptors (ER) and HER2. All 3 models have the ability to follow
multiple birth cohorts over time. Although the models share
inputs, they utilize different structures, assumptions, and
approaches (Supplementary Table 1, available online). For ex-
ample, in model W-H, earlier diagnosis without a change in can-
cer staging can reduce mortality, whereas model G-E assumes a
mortality benefit only if earlier diagnosis leads to a stage shift.
The range of results across the models provides a measure of
uncertainty due to unobservable factors such as breast cancer
natural history and incidence in the absence of screening (16).

CISNET models use common inputs for key parameters in-
formed by high-quality data sources (Table 1). The models suc-
cessfully replicated US breast cancer incidence and mortality
trends over time and were recently validated against the UK
AGE trial results (16,18,23). In addition, the models have been
validated individually. For example, model W-H was cross-
validated against incidence and mortality data from Wisconsin
Cancer Reporting System (21).

Key Inputs and Assumptions

We used the same model inputs describing screening utilization
and performance, clinical diagnosis, and treatment dissemina-
tion and effectiveness as prior analyses (16,18) to simulate

breast cancer mortality from 2020 to 2030. In projecting out-
comes for future years, we assumed that current mammogra-
phy performance and use as well as treatment effectiveness
and use remained constant for the 10-year period.

Our scenarios representing pandemic impacts on screening,
diagnostic evaluation of breast cancer symptoms, and treat-
ment were based on current literature and expert opinion. In
our base case, we assumed a 6-month duration of pandemic-
related disruptions (March to September 2020) in screening, di-
agnosis, and adjuvant chemotherapy, given reports that mam-
mography use recovered to nearly 100% by the end of summer
2020 (2,9,13,14).

Disruptions in screening were informed by data from Epic
Health Research Network, which pooled data from 60 health-
care organizations representing 10 million women from 306
hospitals in 28 states (2). Based on their findings, we assumed
that 50% of the women scheduled to undergo screening mam-
mography missed their mammograms. Data from 2 Breast
Cancer Surveillance Consortium registries (Vermont and San
Francisco Bay Area) show that breast imaging volume for
“evaluation of a breast problem” (ie, women presenting with
symptoms for diagnostic imaging) decreased by 21% and 45%,
respectively, during March-June 2020 compared with prepan-
demic levels in 2019 (Supplementary Figure 1, available online);
therefore, we assumed that 25% of women delayed evaluation
of breast cancer symptoms, resulting in delayed diagnosis and
treatment. Finally, because there exist very limited data regard-
ing COVID-19’s impact on breast cancer therapy, we based our
treatment-related inputs on expert opinion. We base our as-
sumption on treatment disruptions on the results of clinical tri-
als including TAILORx and RxPonder that showed greater
chemotherapy benefit for younger than older women, and of
population-based studies showing that prepandemic treatment
use coincided with these trial results (24-26). We assumed that
oncologists would be more likely to recommend against cyto-
toxic chemotherapy for older women given their higher mortal-
ity rates from COVID-19 infection and concerns about
treatment-related immunosuppression (27-29). We did not as-
sume reductions in other systemic treatments (eg, endocrine
therapy) because they are not immunosuppressive and, for cer-
tain medications, are taken at home and thus would be unlikely
to be withheld for infection concerns. We modeled no chemo-
therapy reduction for patients with ER-negative and/or HER2-
positive disease or for patients with stage IIB or higher cancer of
any subtype because we assumed that oncologists recognize
the more favorable risk–benefit ratio of chemotherapy for these
higher-risk patients and recommend it despite the pandemic
(30-32).

Pandemic Impact Scenarios

We simulated 6 scenarios (Table 2). Scenario 1 (no COVID-19 im-
pact) assumed that the patterns in screening, diagnosis, and
treatment between 2020 and 2030 would remain the same as in
2019. Scenario 2 represents the reduced screening scenario.
Because it is not yet known how long women who missed
screening during the pandemic will delay their screening, we
simulated 3 different subscenarios for varying the time to return
to screening (scenarios 2a-2c). In scenarios 2a-2c, women who
missed their screening exams could be detected via clinical pre-
sentation and could start treatment during the pandemic pe-
riod. Under scenario 2a (delayed screening), women who
missed their screening exam resume screening 6 months after
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the missed mammogram. Under scenario 2b (skipped screen-
ing), women who missed their screening exam do not return
until their next scheduled mammogram. Under scenario 2c (hy-
brid delayed/skipped screening), one-half of women who
missed their screening mammogram resume screening 6
months after the missed mammogram, and one-half do not re-
turn until their next scheduled mammogram.

Scenario 3 represents the delayed diagnosis of symptomatic
cases in which women who delayed evaluation of symptoms
experienced a 6-month delay in breast cancer diagnosis relative
to their expected diagnosis in the absence of the pandemic
(Supplementary Table 2, available online). Scenario 4 represents
reduced chemotherapy treatment. Under scenario 4, among
women diagnosed with ERþ and HER2� tumors in stages I and
IIA who would have received chemotherapy if not for the pan-
demic, 25% of those younger than age 70 years and 50% of those
older than age 70 years did not receive clinically indicated adju-
vant chemotherapy. Scenario 5 represents reduced screening
and delayed diagnosis and therefore jointly models scenarios 2
and 3. Finally, scenario 6 represents reduced screening, delayed
diagnosis, and reduced chemotherapy treatment and hence
jointly models scenarios 2, 3, and 4.

Analysis

Each model estimated the effect of COVID-19 disruptions on
breast cancer deaths among all women aged 30 to 84 years be-
tween 2020 and 2030 in the United States. We modeled each

disruption independently (eg, screening only, diagnosis only,
treatment only) and combinations of disruptions (Table 2). For
all analyses, results were age adjusted to the US standard popu-
lation (33,34). We calculated the cumulative number of excess
breast cancer deaths from the pandemic as the difference be-
tween deaths in analysis vs usual care with no COVID impact.
We also calculated the percent increase in cumulative number
of additional breast cancer deaths in each scenario vs usual
care. Results are reported as the median and range across the 3
models.

Sensitivity Analysis

We conducted a sensitivity analysis on the proportion of
women who delayed (scenario 2a) vs skipped (scenario 2b) their
mammography exams during the pandemic (ranging from 0%
to 100%), who missed screening exams during the pandemic pe-
riod, who experienced reduced chemotherapy, who had delays
in diagnosis, and on the impact of COVID-19 on other-cause
mortality. We also conducted a sensitivity analysis on the dura-
tion of the pandemic, given the pandemic situation is still
evolving, in which we assumed a 12-month duration of
pandemic-related disruptions instead of 6 months. In doing so,
we extended the baseline assumptions on the effects of disrup-
tions on screening, diagnosis, and treatment. We used only 1
model (model W-H) in the sensitivity analyses, which provided
the median estimates by 2030 for the base case.

Table 1. Summary of common inputs used by the models [adapted from Mandelblatt et al. (40)]a

Name Description Source

Population demographics and other-cause
mortality

Population demographic characteristics Cross-sectional female population in US organized
by birth cohorts

US census data (34)

Other-case mortality Death from other causes CDC WONDER Database (41)
Natural history

Incidence in absence of screening Breast cancer incidence in absence of screening and
treatment

Age-period-cohort models (42, 43)

Survival in absence of screening and
treatment

25-y breast cancer survival before adjuvant treat-
ment by joint ER/HER2 status, age group, AJCC/
SEER stage, or tumor size

Meta-analyses (44)

Stage distribution Stage distributions by mode of detection, age group
(<50, 50-64, >65 y), screening round (first, subse-
quent), and screening interval

BCSC (40, 45)

ER/HER2 joint distribution Probability of ER/HER2 conditional on age and stage/
tumor size at diagnosis

BCSC (40, 45)

Screening and diagnosis
Mammography rates Use of mammography by different ages over time NHIS, BCSC (40, 45, 46)
Mammography performance Sensitivity of initial and subsequent digital mam-

mography by age group (<50, 50-64, >65 y) and
screening interval

BCSC (40, 45)

Treatment
Treatment patterns Treatments and rates of use by time period, ER/

HER2, stage and age at time of breast cancer
diagnosis

NCCN and meta-analyses (40, 47)

Treatment effects Treatment efficacy by ER/HER2 for initial breast can-
cer diagnosis

Meta-analyses and clinical trial
results (48–53)

aAJCC ¼ American Joint Committee on Cancer; BCSC ¼ Breast Cancer Surveillance Consortium; CDC ¼ Centers for Disease Control and Prevention; ER ¼ estrogen recep-

tor; HER2 ¼ human epidermal growth factor receptor 2; NCCN ¼ National Comprehensive Cancer Network; NHIS ¼ National Health Information Survey; SEER ¼
Surveillance, Epidemiology, and End Results; WONDER ¼Wide-ranging ONline Data for Epidemiologic Research.
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Results

The models reproduced observed age-adjusted breast cancer
mortality in the United States over time (Supplementary Figure
2, available online). The models predicted that the cumulative
number of excess breast cancer deaths due to the COVID-19
pandemic’s impact on screening, diagnosis of symptomatic
cases, and chemotherapy treatment could reach 2487 (model
range ¼ 1713-2575) by 2030 (Table 3; Supplementary Tables 3-7,
and Supplementary Figures 3-4, available online). This corre-
sponds to a 0.52% (model range ¼ 0.36%-0.56%) increase in
breast cancer deaths between 2020 and 2030 compared with
usual care with no COVID-19 impact. By 2030, the models proj-
ect 950 (model range ¼ 860-1297) cumulative excess breast can-
cer deaths related to reduced screening; 1314 (model range ¼
266-1325) associated with delayed diagnosis of symptomatic
cases, and 151 (model range ¼ 146-207) associated with reduced
chemotherapy use in women with hormone-positive, early-
stage cancer. The effect of excess mortality associated with
changes in screening, diagnosis, and treatment accelerated dur-
ing 2020-2025 and leveled off thereafter (Table 3; Figure 1).

Among the modeled scenarios, reductions in screening use
and delays in diagnosis of symptomatic cases contributed the
largest numbers of excess deaths. For example, disruptions for
these 2 components (scenario 5c) resulted in 2277 (model range
¼ 1576-2365) additional deaths, representing over 90% of the cu-
mulative excess deaths associated with the modeled disrup-
tions in screening, diagnosis, and chemotherapy treatment
combined (scenario 6c) during this period (Table 3). The models
suggest that the contribution of the modeled delay in diagnosis
of symptomatic cases and reduced screening to the additional
breast cancer deaths is similar. Disruptions in screening alone
(scenario 2c) would lead to 950 (model range ¼ 860-1297) addi-
tional deaths, representing 42% of the total excess deaths due to
disruptions in screening and diagnosis (Table 3). However, cu-
mulative breast cancer deaths by 2030 were fourfold higher if
women skipped their mammogram rather than delayed screen-
ing by 6 months (1631 vs 364).

Varying assumptions about the proportion of women
experiencing delays did not change the overall patterns of im-
pact of the pandemic on 2030 breast cancer mortality (Table 4;
Supplementary Tables 8-14, available online). Under all mod-
eled scenarios, the increase in breast cancer deaths due to
pandemic-related disruptions is not predicted to exceed 1% by
2030. In addition, if cancer diagnosis is delayed by 6 months for
only 15% of women during the pandemic, the number of excess
deaths exceeds the number observed if 50% of asymptomatic
women delay screening for 6 months (758 vs 364)
(Supplementary Table 11, available online; Table 3). If the mod-
eled pandemic effects on screening, diagnosis, and treatment
lasted for 12 months instead of 6 months, the number of addi-
tional deaths approximately doubles (Figure 2; Table 4;
Supplementary Figures 5-6, available online). Sensitivity analy-
sis on pandemic-related other-cause mortality input did not
lead to any major changes in the results (Supplementary Table
15, available online).

Discussion

This collaborative modeling study provides useful information
regarding the likely effects of initial pandemic-related disrup-
tions on breast cancer mortality over time. Three independent
models found that the cumulative impact of initial pandemic
disruptions would be less than a 1% increase in cumulativeT
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breast cancer mortality over the next decade. This result is
likely to be related to the rapid response of care providers to
reinstituting screening and the assumption that women diag-
nosed with advanced-stage and/or poor prognosis cancers did
not experience any delays in chemotherapy initiation. If the
pandemic effects on care disruptions persist for 12 months, ex-
cess mortality would approximately double.

To our knowledge, no previous modeling study has con-
ducted a comprehensive analysis of the impact of disruptions
due to the COVID-19 pandemic on breast cancer mortality in
the United States. A prior commentary used a preliminary
analysis by 1 of the models used in this study (model W-H)
and reported a higher mortality impact than that seen in this

study (5391 vs 2487 cumulative excess deaths from 2020 to
2030) (35). However, that early analysis assumed higher reduc-
tion in screening (75% vs 50%) and greater delays in diagnosis
(delay in diagnosis of all case s vs only symptomatic cases). A
modeling study from Canada found that when all scheduled
mammograms are skipped for 6 months and are made up
gradually, the number of deaths increases by 0.48% by 2029,
which is slightly higher than our estimate because we do not
assume that all screening stopped during the pandemic (36).
Another study focusing on the United Kingdom estimated that
the number of breast cancer deaths could increase by 7.9%-
9.6% in 5 years due to the pandemic; however, that study as-
sumed that cancers could not be diagnosed after a screening
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Figure 1. Cumulative excess breast cancer mortality according to exemplar model (University of Wisconsin-Madison and Harvard Medical School model) over time. A)

The number of cumulative excessive deaths when each disruption is modeled separately. B) The number of excessive deaths when disruptions are combined.
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exam but only through urgent referrals during the pandemic
(37).

Our results suggest that the rapid adaptations of health-care
facilities to devise strategies to resume breast cancer screening,
diagnosis, and treatment services within a 6-month period
greatly mitigated the potential impact on breast cancer mortal-
ity (2,9,13). The overall impact of disruptions in screening and
delays in diagnosis of symptomatic evaluation were estimated
to be similar, because most women due for routine screening
will not have breast cancer. Even small disruptions to diagnostic
evaluation of symptomatic women translate to substantial
numbers of excess breast cancer deaths as demonstrated in the
sensitivity analysis. As such, our results reinforce the impor-
tance of prompt evaluation of women with breast cancer symp-
toms during periods of reduced health-care access and capacity.
This is consistent with a recent Breast Cancer Surveillance
Consortium study, which found that during periods of reduced
capacity, triaging individuals most likely to have cancer, includ-
ing women with symptoms, could result in detecting the most
cancers while performing the fewest examinations compared
with a nonrisk-based approach (38).

Our findings also suggest that excess breast cancer mortality
due to reduced access to screening during the pandemic could
be mitigated by facilities giving priority to women who missed a
screen during the pandemic. Although imaging volumes had
returned to normal or above normal by September 2020, there
remains a substantial cumulative deficit in screening and diag-
nostic evaluations compared with prepandemic years (9,13,39).
This deficit may be due to multiple factors, including limited ca-
pacity of breast-imaging facilities to accommodate the number
of women whose evaluation has been delayed, ongoing con-
cerns from women about the safety of health-care facilities due
the continued pandemic, or reduced access to health care due
to COVID-19–related loss of employment-based health insur-
ance. Many of these factors are likely to continue to affect re-
ceipt of diagnostic and screening services until control of the

COVID-19 pandemic is achieved. Thus, the true duration of dis-
ruption to breast cancer control activities and the impact on
long-term breast cancer mortality may ultimately prove to be
more substantial than our current models suggest.

Despite the strength of consistent results from 3 established
CISNET models, there are several limitations that should be
considered in interpreting our results. First, in the absence of
detailed information on breast cancer treatment patterns dur-
ing the pandemic, we based our treatment assumptions on ex-
pert opinion. We assumed that during the pandemic,
oncologists rationally limited chemotherapy use among
patients least likely to benefit (early stage, ER-positive or HER2-
negative disease) and at greatest risk for COVID-19–related com-
plications (women older than 70 years) (27-29). We also as-
sumed that oncologists ensured chemotherapy receipt among
poor prognosis subtypes (ER-negative and/or HER2-positive or
more advanced stages), assuming the benefit of adjuvant che-
motherapy outweighed the risk of death due to COVID-19.
Furthermore, because oral endocrine therapies (eg, tamoxifen
or aromatase inhibitors) neither compromise the immune sys-
tem nor require in-person visits for administration, we assumed
the pandemic did not disrupt their use. It is possible that there
were delays or nonuse of treatment, especially with losses of
health-care insurance. In this case, the impact of pandemic-
related treatment changes on excess breast cancer mortality
may be greater than we expect. More data on cancer treatment
patterns and longer follow-up will be essential to refine the
mortality projections.

Another limitation is that many aspects of screening behav-
ior and diagnostic evaluation during the pandemic remain
poorly understood, including whether patterns in resumption
of care are differential by age or perceived cancer risk. For ex-
ample, disruptions in screening continue as woman are being
encouraged to reschedule screening mammography after re-
ceiving the COVID-19 vaccination to prevent false-positive call-
backs for vaccination-related lymphadenopathy. Additionally,

Table 4. Excess cumulative mortality projections for the sensitivity analyses varying scenario assumptions about magnitude of disruptions for
the exemplar model (University of Wisconsin-Madison and Harvard Medical School model)

Sensitivity analysis (SA) scenario 2022 2025 2030

No COVID-19 impact (scenario 1),
cumulative no. of deaths

110 406 228 585 473 903

Excess
deaths, No.a

Increase, % Excess
deaths, No.a

Increase, % Excess
deaths, No.a

Increase, %

Base case results 1360 1.23 2147 0.94 2487 0.56
SA1: pandemic effects last 12 mo 2504 2.27 4402 1.93 5058 1.14
SA2: screening reduction is 25% 1157 1.05 1818 0.80 2067 0.47
SA3: screening reduction is 75% 1545 1.40 2412 1.06 2860 0.64
SA4: 15% of symptomatic cases are delayed 970 0.88 1551 0.68 1832 0.41
SA5: 40% of symptomatic cases are delayed 1646 1.49 2556 1.12 2969 0.67
SA6: smaller reduced chemotherapy treatment

(12.5% for ages <70 y and 25% for ages >70 y)
1324 1.20 2100 0.92 2433 0.55

SA7: larger reduced chemotherapy treatment
(50% for ages <70 y and 75% for ages >70 y)

1394 1.26 2217 0.97 2580 0.58

aThe cumulative excess number of deaths are reported for each scenario representing disruptions in screening, diagnosis, and treatment (scenario 6c). The excess

number of deaths for a sensitivity analysis in a row is calculated by subtracting the cumulative number of deaths without the COVID-19 pandemic (scenario 1) as given

in the first row from that obtained under that sensitivity analysis scenario. Similarly, the percent increase is calculated by dividing this difference by the cumulative

number of deaths without the COVID-19 pandemic. For each of the sensitivity analyses, the cumulative number of deaths without the COVID-19 pandemic (scenario 1)

is the same.
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although mammography volumes rebounded over the summer
to reach prepandemic levels (2,9,13), it is not clear what portion
of these exams are for missed mammograms or regularly
scheduled exams. We tested a range of assumptions about
these patterns, and results were similar in magnitude across
different scenarios. Moreover, our models did not account for
potential disparities in the resumption of breast cancer care
services. Our recent work has shown that the recovery of breast
cancer–screening and diagnostic services has not been equal for

all women, with a slower rebound in use among Hispanic and
Asian women as of July 2020 (13). Thus, although the overall im-
pact of the pandemic on cancer outcomes may be small, it may
disproportionately affect women in underserved populations
and exacerbate health inequities. Therefore, it will be important
to focus on resumption of access to screening for racial and eth-
nic minority women.

Finally, we assumed that future incidence, accuracy of
screening and diagnosis, effectiveness of treatment, and other-
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cause mortality would carry forward at levels before the pan-
demic. Because these assumptions applied to the scenarios rep-
resenting both COVID-19 disruptions and usual care, the
relative difference in outcomes is unlikely to be affected.

In conclusion, in this collaborative simulation modeling
study, we projected a small number of additional breast cancer
deaths among US women from 2020 to 2030 due to the COVID-
19 pandemic–related disruptions in breast cancer screening, di-
agnosis, and treatment. Efforts to ensure prompt access to
screening, diagnostic evaluation, and treatment should mitigate
the impact of the COVID-19 pandemic on breast cancer
mortality.
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