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Abstract

Background Interval cancers might be divided into true negative interval cancer where a new lesion is detected
that no sign of disease could be detected on previous screening mammogram. For false-negative interval cancers,
those missed for overt symptoms and those missed for mild or undetectable ones, this includes interpretive error

as benign interval cancer (benign mimics), subtle changes, masked carcinoma or slowly growing or patient factors,
such as the dense breast parenchyma. Technical failure interval cancer hampered the reader to discover the abnor-
mality. The aim of this study was to relate the risk factors for the development of the interval breast cancer such

as breast density, positive family history of breast cancer in Egyptian population. Highlight the causes of missed breast
cancer in order to overcome it in the future radiological interpretation.

Methods A total of 74,546 screening mammographic examinations were performed in the radiology department

at specialized breast cancer center in the period between 2015 and 2021 with about 844 pathologically proved malig-
nant cases. Out of the 844 pathologically proven breast cancer cases, 185 breast cancer patients were interval breast
cancer having reported normal examination in the previous year, 88 were true interval breast cancer and 97 were
missed on mammography and detected later on. The cases were subjected to full-field digital mammogram (FFDM),
complementary ultrasound, contrast-enhanced digital mammography (CEDM) and magnetic resonance imaging
(MRJ) in some cases, and all cases were histopathologically proven by either fine needle aspiration, core needle biopsy
(CNB) or open biopsy.

Results The mean age of the patients was 53.5 years (range 36-83 years). The overall breast cancer detection

rate was 11 per 1000 women. The 185 interval cancers were present at a rate of 3.8 per 1000 women. True nega-

tive interval breast cancers where 88 cancers were not present in retrospect on screening mammograms, 17 cases
present with benign findings (benign mimics mass or calcifications) and 80 cancers were missed cancers. Analysis

of the cause of missed carcinoma revealed patient-related, tumor-related, or provider-related factors. Tumor factors
were the most commonly encountered, accounting for 49.5% (48 cases), then provider factors in 25.8% (25 cases)
while the patient factors were the least commonly encountered in 24.7% (24 cases). Recorded positive family history
found in about 35% (31cases) of the true interval breast cancers.

Conclusions Although mammography is the standard for detecting early breast cancer, some cancers can be missed
due to various causes. Mammographic interpretation must meet high standards to reduce missed cancers. Radiolo-
gists should carefully assess screening views and order additional imaging if needed. Palpable lesions and clinical

data should be further examined with ultrasound and contrast imaging if necessary. Always compare current images
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with previous examinations to check for any changes in lesion size. When one pathology is found, search for addi-

tional lesions.

Keywords Interval breast cancer, Missed breast carcinoma, Mammography, Ultrasonography

Background

Interval breast cancer is a term given to cancers detected/
presenting within 12 months after a mammographic
screening in which findings are considered normal [1].

Awareness about interval cancers is essential, because
women diagnosed with interval cancers are more to
have poor outcomes. Interval breast cancers typically
have a more aggressive nature and are larger than breast
tumors that are discovered by screening. Interval can-
cers account for 20-30% of all breast cancers identified
in women who get biannual mammography screenings,
with an incidence of 10-20 per 10,000 women [2-5].

Radiological surveillance, or retrospective mammo-
graphic review, of interval breast cancers has meth-
odological limitations, but despite these limitations, the
majority of interval cancers are consistently found to
represent either true interval or occult cancers that were
not visible on the index mammographic screen; roughly
20-25% of interval breast cancers are classified as false
negatives, meaning they were missed. Compared to
screen-detected tumors, real interval cancers were more
likely to have high breast density and the triple negative
phenotype [6, 7].

Dense breast parenchyma may obscure a lesion, poor
positioning, lesion location outside the field of view, lack
of perception of an abnormality that is present, incor-
rect interpretation of a suspect finding, subtle features
of malignancy, or a slowly changing malignancy, all are
causes of missed breast cancers. Breast cancers are often
overlooked when their morphology suggests a benign
etiology (circumscribed masses, e.g., mucinous [colloid]
and medullary invasive ductal carcinomas) or when they
appear as focal areas of asymmetry or distortion (e.g.,
invasive lobular carcinoma) [8, 9].

Interval cancers might be divided into true negative
interval cancer, retrospectively interval cancer and tech-
nical failure interval cancer [10-12].

The true negative interval cancer was considered when
there was no sign of disease could be detected on previ-
ous screening mammogram; the lesion is new [10-12].

The retrospectively visible interval cancer was consid-
ered when a now known lesion was seen on the previous
screening mammogram; which included provider, tumor
factors and patients factors. The patient factors such as
the dense breast parenchyma while provider factors
meant that interpretive error on the part of the reader or
single reader as a second reader would have discovered

the lesion. Tumor factors meant that a lesion that proves
to be malignant showed benign morphological charac-
teristics on the previous mammogram or calcific foci not
reaching the pathological descriptors (benign mimics),
or subtle changes, masked carcinoma or slowly growing
[10-12].

Technical failure interval cancer where a technically
poor image hampered the reader to discover the abnor-
mality; in theory, suboptimal images will not be submit-
ted for interpretation and if they are, should not be read
[10-12].

The aim of this study was to relate the risk factors for
the development of interval breast cancer such as breast
density, positive family history of breast cancer in Egyp-
tian population. Highlight the causes of missed breast
cancer in order to overcome it in the future radiological
interpretation.

Methods

A total of 74,546 screening mammographic examinations
were performed in the radiology department at special-
ized breast cancer center in the period between 2015 and
2021 with about 844 pathologically proved malignant
cases.

Out of the 844 pathologically proven breast cancer
cases, we included all the pathologically proved malig-
nant breast cancer cases who had previous available
mammogram reported as normal or with benign find-
ings within a year; 185 breast cancer patients were inter-
val breast cancer having reported normal examination
in the previous examination. Eighty-eight patients were
true interval breast cancer, and 97 were missed on mam-
mography and detected on the following follow-up or by
symptomatic patient before her next annual mammo-
gram. The mean age of the patients was 53.5 years (range
36 to 83 years).

Excluded cases were the patients skipped the annual
screening mammogram with newly developed breast
cancer and initial screening detected breast cancers.

The screening process consisted of craniocaudal and
mediolateral oblique views. Physical examination was
not provided as part of the annual screening mammog-
raphy examination while the symptomatic patients were
referred for the Surgical and Oncology Departments.

Each patient underwent the screening full-field digital
mammogram (FFDM) (initial) and the following FFDM
with complementary breast ultrasound and in some
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cases contrast enhanced mammography or MRI breast.
All cases were histopathologically proven either by fine
needle aspiration cytology (FNAC), core needle biopsy
(CNB) or open biopsy.

For all patients, the age group of the patient was
recorded; family history and tumor histology (type,
tumor size, nodal involvement, and staging) were ana-
lyzed and interpreted twice by breast pathologist (ten
years’ experience).

Analysis of mammograms included the density of
breast parenchyma, skin thickness, nipple areola com-
plex, associated axillary lymph nodes, areas of paren-
chymal distortion, asymmetrical densities, mass lesions,
calcifications, and finally, BIRADS score for detected
lesions.

Initial reported studies were done by single reader
of different radiology experiences varying from five to
twenty years. Retrograde revision of the base line exam-
intions in the current study were done by expert radiolo-
gists of more than ten years of experience.

Statistical analysis

Data analysis was performed with commercially avail-
able software (IBM SPSS Statistics for Windows version
24.0.2.). Numerical data were expressed as mean, median
and range as appropriate. Qualitative data were expressed
as frequency and percentage. Comparison of qualitative
variables was done using Pearson’s Chi-square test.

Results

The study included 185 women with histopathologically
proven breast carcinomas. The overall breast cancer
detection rate was 11 per 1000 women. The 185 interval
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cancers were present at a rate of 3.8 per 1000 women.
True negative interval breast cancers where 88 cancers
were not present in retrospect on screening mammo-
grams (Figs. 1, 2, and 3). Recorded positive family his-
tory in about 35% (31cases) of the true interval breast
cancer cases. The rest of the 185 enrolled cases; 97
cases were missed carcinoma. Analysis of the cause of
missed carcinoma revealed causative factors: patient,
tumor, or provider factors as shown in Table 1. Tumor
factors were the most commonly encountered, account-
ing for 49.5% (48 cases), then provider factors in 25.8%
(25 cases) while the patient factors were the least com-
monly encountered in 24.7% (24 cases).

An initial BIRADS score was assigned for these 97
missed cases shown in Table 2. BIRADS 0 for (24 cases)
23 cases inherently and 1 acquired dense breast due to
postoperative scarring. BIRADS 1 score was assigned
for 18 cases with missed subtle areas of asymmetrical
densities and parenchymal distortion (Figs. 4 and 5).
BIRADS 2 (25 cases) included benign looking calcifi-
cations in 7 cases, stability of the changes in 10 cases
and 8 carcinomas bad perception. BIRADS 3 (29 cases)
included 10 well-circumscribed, 2 masked, 9 misinter-
preted carcinomas and 8 single-reader misinterpre-
tation. BIRADS 4 for case initially presented by mild
unexplained with diffuse edema pattern later developed
pathological lymph nodes detected in her follow-up.

The mean age of the patients was 53.5 years (ranges
from 36 to 83 years). Table 3 lists the true interval and
missed cancers by age group. It shows the incidence of
interval, and the missed carcinoma is higher above 50
years of age.

Fig. 1 A 59-year-old female present with a right breast newly developed UOQ palpable mass (A: CC and B: MLO mammaographic views)
which was not present in the previous 12 months earlier mammography (C and D). This was a true interval breast cancer revealed IDC, grade 2
by histopathology



Shetat et al. Egypt J Radiol Nucl Med

(2024) 55:20

Page 4 of 12

Fig. 2 A 49-year-old female with positive family history, under regular annual mammography. She presented with a right breast newly developed
UlQ palpable mass(arrow) (A:CC and B: MLO mammographic views) which was not present in the previous 9 months earlier mammography (C
and D). This was a true interval breast cancer revealed mucinous carcinoma, grade 2 by histopathology

The mammographic densities with age correlate are
shown in Table 4.

Revising the pathological specimens of these 185 cases
yielded 24 carcinomas in situ, 22 invasive lobular carci-
noma, 91 invasive ductal carcinomas, 13 mixed IDC and
ILC, 2 medullary, 4 papillary carcinomas, 5 mucinous, 21

invasive tubular/commedu carcinoma, and 3 cases with
metastatic adenocarcinoma. Table 5 lists the histologic
types and tumor grade.

Double reading aids in the cancer detection, post-
processing capabilities available on digital mammog-
raphy like using the magnifying lens and the inverted
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Fig. 3 A 46-year-old female patient under regular annual follow-up after left breast conservative treatment. After two years of benign postoperative
findings, she developed bifocal masses in the UOQ of the right breast (arrows) (A and B; CC view, C and D; MLO view) compared to previous study
(Eand F, G and H). CEDM of the right breast revealed bifocal UOQ mass enhancement (I and J).Histopathology revealed triple negative, medullary
carcinoma, grade 2. This was a true interval breast cancer

Table 1 included interval breast cases categories with percentages

Number of cases Percentage (%)

True negative interval cancer 88

Retrospectively visible interval cancer 97

Patient factors 24 247
Inherent very dense breast parenchyma 23 124
Post-treatment; Previous operation and distortion 1 0.54

Tumor factors 48 49.5
Subtle changes 18 9.7
Diffuse edema pattern 1 0.54
Masked carcinoma 2 1
DCIS with stationary course 5 2.7
Slowly growing 5 2.7
Benign mimic mass 10 54
Benign mimic calcifications 7 38

Provider factors 25 258

Bad perception 8 43

Misinterpretation 9 4.86

Single-reader interval cancer 8 43
Technical failure interval cancer* 0

*Technical” misses of interval cancers are false-negatives caused by poor exposure, poor positioning, or cutting off the area of interest, hidden areas
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Table 2 Initially assigned BIRADS score for 97 missed carcinoma

cases

BIRADS score No. of cases
BIRADS 0 24

BIRADS 1 18

BIRADS 2 25

BIRADS 3 29

BIRADS 4 1

Total 97

images, ultrasound, CEDM and MRI examinations.
Complementary ultrasound examination was per-
formed for all 185 cases (100%) and showed a higher
sensitivity than mammography in carcinoma detection.
It was diagnostic in 163 (88%) cases only. (Table 6). In
the remaining 22 cases that have been not detected
adequately (12 from true interval cancer and 10 cases
of missed cancers), further CEDM or MRI were per-
formed and confirmed by biopsy. These cases included
two multi-centric DCIS, three multifocal DCIS, five
single DCIS, five multifocal IDC, one multi-centric
ILC, three metastatic adenocarcinoma and three cases
of DCIS were diagnosed by stereotactic biopsy without
need for contrast study.

Discussion

Interval breast cancer is a term given to cancers
detected/presenting within 12 months after a mammo-
graphic screening in which findings were considered
normal [1]. Women diagnosed with interval cancers
have more aggressive nature. Interval cancers account
for 20-30% of all breast cancers identified in women
who get biannual mammography screenings, with an
incidence of 10-20 per 10,000 women [2-5].

We aimed to relate the risk factors for the develop-
ment of the interval breast cancer and highlighted the
causes of missed breast cancer.

In the current study, the overall breast cancer detection
rate was 11 per 1000 women. The 185 interval cancers
were present at a rate of 3.8 per 1000 women screened
which is comparable to Burhenne et al. [12]. In the pro-
spective population-based Malmo breast tomosynthesis
screening trial, the interval cancer rate of 1.6 per 1000
women screened [13]. In the study conducted for women
diagnosed with breast cancer between January 2004
and June 2010 in Manitoba, Canada, the total of 69 025
women aged 50-64 years had 212 579 screening mam-
mograms. Out of which 1687 diagnoses of invasive breast
cancer and 206 were interval breast cancers [14, 15].
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The Canadian National Breast Screening Study found
108 interval cancers in 44,925 women, at an interval can-
cer rate of 2.4 per 1000 women [16].

For false-negative interval cancers, authors have sepa-
rated cases into two categories: those missed for overt
symptoms and those missed for mild or undetectable
ones [17].

In a review of interval cancers in the Malmo screening
trial, they found that 10 of 94 cases were missed due to
observer error and 21 of 94 showed subtle signs of malig-
nancy [17].

Kamal et al. [18] classified the causes of missed breast
cancers to various factors, including those related to the
patient, to the nature of the tumor itself, to technical fac-
tors and to provider factor.

In the current study ’Patient factors, accounted for
24.7% of cases (24 cases) mainly attributed to increased
breast parenchyma density whether inherent (23 cases)
or acquired dense parenchyma following surgery (1 case).
An equal percentage (24%) was recorded in previous
studies performed by Bird et al. [19] in a screening popu-
lation and found that 77 of 320 cancers (24%) in a screen-
ing population were missed, primarily due to dense
breasts and a developing density that was not identified
by the radiologist. Another study held by Kamal et al. [18]
found nearly equal percentage of 22.4% (34 patients).

Screening mammography is utilized to discover clini-
cally occult breast carcinomas, while diagnostic mam-
mography is used to investigate an abnormality found on
screening mammography or to assess symptomatic indi-
viduals [10]. Naturally dense breast parenchyma makes it
more difficult to find a mass, particularly a non-calcified,
non-distorting lesion. Looking for areas of architectural
distortion or subtle microcalcifcations requires a radi-
ologist to pay close attention. Magnification views are
employed to assess the morphologic characteristics of
microcalcifcations that is faint or suspicious [11].

For additional assessment and characterization of pal-
pable masses in dense tissue and confined iso-dense
masses, as well as for the examination of asymmetric
densities observed at mammography, any patient with
dense breast parenchyma, a palpable mass, and nega-
tive mammographic results should undergo ultrasound
examination [11].

"Tumor factor’ was the most common factor respon-
sible for missed breast carcinoma in our study account-
ing for 49.5% of cases (48 patients) compared to 44.1%
of cases (67 patients) in Kamal et al. study [18]. Accord-
ing to Majid et al. [20], the most difficult cancers to
diagnose are those with subtle or indistinct features of
malignancy. These features include areas of architec-
tural distortion, small groups of amorphous or punctate
microcalcifcations, focal asymmetrical densities, dilated
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Fig.4 A 64-year-old female coming for her regular annual screening with no palpable lesions. Right breast views (A and B) show lower inner
quadrant non-circumscribed dense mass(circle), which was present, retrograde in the previous examination (C and D) as a smaller benign mimic
nodule (1 year earlier). Associated pleomorphic grouped microcalcifcations are seen at the present study (arrow and magnification) with stable

other several macro-calcifications. Biopsy revealed IDC, grade 2

ducts and well-circumscribed masses. Missed tumors
were observed on just one of two views more frequently
than identified malignancies and were statistically signifi-
cant to have a lower density. We encountered 18 (9.7%)
subtle carcinomas that were missed in mammography
including asymmetry and parenchymal destortion, 10
well-circumscribed masses (5 infiltrating duct, 3 ILC and

2 intra-ductal papillary carcinomas), 5 cases DCIS with
stationary course, 5 cases with slowly growing nodule,7
cases benign mimic calcifications, one case of diffuse
breast edema and 2 masked carcinomas.

Asymmetric breast densities are commonly observed
at mammography. According to Majid et al. [20], these
findings in isolation have a low positive predictive value
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Fig. 5 A 50-year—old female on her regular annual screening mammography. CC and MLO views of the left breast (A and B) revealed irregular
non-circumscribed dense mass at the UOQ (circle), which was present as subtle focal asymmetry in the previous annual mammography (C and D).
This case was missed carcinoma due to subtle mammographic changes. Biopsy revealed IDC, grade 2

for malignancy; however, when they are associated with  of areas of asymmetric density should include clinical
microcalcifcations or architectural distortion, the risk of  examination, additional mammography views and ultra-
malignancy is increased. They suggested that the workup  sound examination. The clinical assessment, ultrasound
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Table 3 Classification of interval cancers by age group

Variable Age at last screening mammogram Total
<50years > =50 years

True interval cancers 39 49 88

Missed cancers 31 66 97

Total 70 115 185

examination and post-processing manipulation (mag-
nification, inversion and density control) were the main
methods used in our investigation [20].

A circumscribed carcinoma should always be consid-
ered in menopausal women who present with a circum-
scribed solid mass, since fibroadenomas are uncommon
at this age [20]. In the current study, we found 10 well-
circumscribed masses falsely diagnosed as benign that
turned to be malignant circumscribed lesions as follows
(5IDC, 3 ILC and 2 intra-ductal papillary carcinomas).

Table 4 The mammographic densities with age correlate
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In one instance, diffuse edema pattern was found,
even though hindered the detection of underlying breast
masses but associated with suspicious segmental amor-
phous microcalcific foci. There was underlying infiltrat-
ing duct cancer found by further contrast MRIL

When a radiologist notices a clear finding—whether
benign or malignant—it could lead to ’happy eye syn-
drome, which prevents them from closely inspecting for
other abnormalities or lesions [20]. In the present study,
two cancers were missed due to overt benign masses, on
inversion images of digital mammography, one of which
showed subtle microcalcific cluster.

In our investigation, provider factors were responsi-
ble for 25 (25.8%) of missed carcinomas. Out of 97 cases
of missed malignancies in the current study, eight cases
were related to single reader interval cancer. These cases
were considered when carcinomas were detected on dou-
ble reading by a more experienced senior radiologist in
eight cases. Hofvind et al. [21] retrospectively examine
whether various review designs have an impact on the

Age < 50years Age> =50 years Total
True Missed True Missed True Missed
Parenchymal mammography density
<50%
(ACRA, B) 12 12 35 48 47 60
> =50%
(ACRCD) 27 19 14 18 41 37

Table 5 Characteristics of interval cancers and their pathological findings

Variable Age < 50years Age > =50 years Total

True Missed True Missed True Missed
Total 39 31 49 66 88 97
Histologic type
In situ 4 7 7 10 14
Invasive lobular 2 3 7 10 9 13
Invasive ductal 20 11 25 35 45 56
Mixed invasive lobular and ductal 4 2 5 2 9 4
Medullary 1 1 0 0 1 1
Papillary 0 1 1 2 1 3
Mucinous 2 1 1 1 3 2
Invasive tubular/Commedu 6 5 2 8 8 13
Metastatic adenocarcinoma 0 0 2 1 2 1
Invasive carcinoma grade
Grade | 5 6 5 16 10 22
Grade Il 24 15 28 36 52 51
Grade lll 6 3 10 7 16 10
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Table 6 Mammography and ultrasound features of included cases
Feature True interval breast cancer Missed carcinoma
Mammography Ultrasound Mammography Ultrasound
Typical mass* 32 62 50 72
Atypical mass** 15 15 10 10
No mass detected 41 11 37 17
Parenchymal distortion 9 - 5 8
Asymmetries 30 - 18 -
Asymmetry 2 2 -
Focal 12 - 9 -
Developing 14 - 6 -
Global 2 - 1 -
Pathological microcalcifications*** 30 - 48 -
Diffuse edema 2 2 1 1
Skin thickening 5 5 2 2
Skin retraction 4 4 0 0
Nipple retraction 10 10 5 5
Pathological Lymph node**** 10 30 3 16

*Typical malignant mass lesions are considered when masses showed spiculated outlines, with marked surrounding distortion +/— clustered microcalcifcations

**Atypical mass lesions in the true interval cancer included 12 well-circumscribed (oval/round) and 1 intra-cystic and 2 intra-ductal carcinomas, while in the missed

cancers included 8 well-circumscribed (oval/round) and 2 intra-cystic masses

***Pathological microcalcifcations considered when showing suspicious morphology and distribution were associated with the typical mass/asymmetry or distortion

****Pathological Lymph node considered if shows globular configuration, focal cortical thickening associated with muffled/effaced hila

estimate of missed interval cancer. Of the 231 interval
cancers, 46 (19.9%) were reclassified as missed cancers
using the mixed blinded individual review, and 54 (23.4%)
were classified as missed cancers using the mixed blinded
paired review. Eighty-three cancers (35.9%) were classi-
fied as missed cancers with individual informed review,
and 78 (33.8%) were classified as missed cancers with
consensus informed review. Thirty-nine cancers (16.8%)
were reclassified as missed when four or more radiolo-
gists assigned a score of two or more (probably benign or
more suspicious); three cancers (1.3%) were reclassified
as missed when a score of four or more (probably malig-
nant or more suspicious) was assigned.

Radiologists errors were mainly attributed to two major
factors, namely perception and interpretation problems
[18]. In perception mistakes, which accounted 4.3% of
cases of missed carcinomas in our study (eight patients),
the lesions were included within the field of view and was
evident, yet the radiologists failed to interpret it. Subtle,
small, non-calcified and non-distorting carcinomas are
responsible for these cases. Interpretation errors by the
radiologists occur when a lesion with worrisome char-
acteristics was misinterpreted as a benign or probably
benign lesion (BIRADS 2 and 3). A number of things
can affect how something is perceived and interpreted,
such as inadequate training, inexperience, subtle indica-
tors of malignancy, the presence of an evident finding,

exhaustion, haste, poor viewing conditions, and distrac-
tions [10]. Numerous studies, including our own, have
shown that years of experience and training have a sig-
nificant impact on radiologists’ accuracy in interpreting
mammograms. According to their research, radiologists’
years of experience had the biggest bearing on their effec-
tiveness; those with fewer years of experience had higher
specificity but lower sensitivity [18, 22]. When combined
with training, direct feedback on performance traits
could be more beneficial than experience gained in iso-
lation. Discussing misinterpreted mammograms openly
could be helpful [23]. A view box with sufficient lumi-
nance, less outside light, and low ambient room light are
all ideal viewing circumstances as well as minimized dis-
tractions [18].

Limitations of the study included being a single insti-
tute study and variable experience of the initial examina-
tion reporting radiologists.

Conclusions

Although mammography is the standard for detecting
early breast cancer, some cancers can be missed due
to various causes. Mammographic interpretation must
meet high standards to reduce missed cancers. Radiolo-
gists should carefully assess screening views and order
additional imaging if needed. Palpable lesions and clini-
cal data should be further examined with ultrasound
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and contrast imaging if necessary. Always compare
current images with previous examinations to check
for any changes in lesion size. When one pathology is
found, search for additional lesions.
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