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Abstract

Background Calcifications on mammography can be indicative of breast cancer, but the prognostic value
of their appearance remains unclear. This systematic review and meta-analysis aimed to evaluate the association
between mammographic calcification morphology descriptors (CMDs) and clinicopathological factors.

Methods A comprehensive literature search in Medline via Ovid, Embase.com, and Web of Science was conducted
for articles published between 2000 and January 2022 that assessed the relationship between CMDs and clinico-
pathological factors, excluding case reports and review articles. The risk of bias and overall quality of evidence were
evaluated using the QUIPS tool and GRADE. A random-effects model was used to synthesize the extracted data. This
systematic review is reported according to the Preferred Reporting Items for Systematic reviews and Meta-Analyses
(PRISMA).

Results Among the 4715 articles reviewed, 29 met the inclusion criteria, reporting on 17 different clinicopathologi-
cal factors in relation to CMDs. Heterogeneity between studies was present and the overall risk of bias was high,
primarily due to small, inadequately described study populations. Meta-analysis demonstrated significant associations
between fine linear calcifications and high-grade DCIS [pooled odds ratio (pOR), 4.92; 95% confidence interval (Cl),
2.64-9.17], (comedo)necrosis (pOR, 3.46; 95% Cl, 1.29-9.30), (micro)invasion (pOR, 1.53;95% Cl, 1.03-2.27), and a nega-
tive association with estrogen receptor positivity (pOR, 0.33; 95% Cl, 0.12-0.89).

Conclusions CMDs detected on mammography have prognostic value, but there is a high level of bias and vari-
ability between current studies. In order for CMDs to achieve clinical utility, standardization in reporting of CMDs

is necessary.

Critical relevance statement Mammographic calcification morphology descriptors (CMDs) have prognostic value,
but in order for CMDs to achieve clinical utility, standardization in reporting of CMDs is necessary.
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Key points

- Mammographic calcifications can be indicative of breast cancer.

- The prognostic value of mammographic calcifications is still unclear.

- Specific mammographic calcification morphologies are related to lesion aggressiveness.

- Variability between studies necessitates standardization in calcification evaluation to achieve clinical utility.
Keywords Ductal carcinoma in situ, Calcification morphology descriptors, Imaging biomarker, Mammography
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Introduction

Screening mammograms frequently reveal the presence
of calcifications, a majority of which are associated with
benign changes in breast tissue. However, a minority
of these calcifications may be linked to invasive breast
cancer (IBC) or its non-obligatory precursor, ductal
carcinoma in situ (DCIS) [1].

The introduction of systematic mammographic
screening [1-3] has significantly increased DCIS detec-
tion, as up to 90% of DCIS lesions are detected due
to calcifications on mammography [4]. Nevertheless,
the anticipated decrease in mortality due to increased
DCIS treatment has not been as significant as expected
[1], supporting the corpus of evidence that many DCIS
lesions would remain harmless if left untreated [5].
Currently, it is not possible to differentiate accurately
between calcifications associated with DCIS that will

progress to IBC, i.e., high-risk DCIS, and those that
remain indolent, i.e., low-risk DCIS. Consequently, all
DCIS cases receive treatment, resulting in overtreat-
ment of low-risk DCIS [6-10].

Given the heterogeneity of DCIS in terms of morphol-
ogy, biology, genetics, and outcome [11], mammographic
calcification patterns and distributions may reflect the
disease’s heterogeneity.

The American College of Radiology’s Breast Imaging-
Reporting and Data System (BI-RADS) standardizes these
patterns, classifying calcifications with a suspicious mor-
phology into four categories, (1) amorphous, (2) coarse
heterogeneous, (3) fine pleomorphic, and (4) fine linear
or fine linear branching [12]. It is noteworthy that not
all mammographically observed calcifications are related
to DCIS or invasive breast cancer. Amorphous calcifica-
tions are only associated with malignancy in about 20% of
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cases, whereas the positive predictive value of fine linear
calcifications is higher (70-80%) [13, 14]. In DCIS, calci-
fications are most commonly linear, linear branching, and
fine pleomorphic, in a linear distribution [15].

Investigating the association between calcification
morphology descriptors (CMDs) and specific clinico-
pathological factors of DCIS lesions, such as grade,
receptor-based surrogate subtypes based on hormone
receptors and HER?2, and the risk of local DCIS or IBC
recurrence could provide clinicians with valuable insights
into the likelihood of DCIS progression and lesion
aggressiveness. Accurately determined CMDs may ena-
ble clinicians to make better-informed decisions regard-
ing the necessity of further diagnostic procedures, such
as biopsies. However, despite numerous studies, the
prognostic value of mammographic calcification descrip-
tors remains unclear [16—-48].

To address this knowledge gap, we conducted a system-
atic review and meta-analysis to assess the association
between mammographic CMDs and clinicopathological
factors in women with DCIS, while evaluating the overall
quality of evidence and identifying sources of bias.

Materials and methods

This systematic review is reported according to the
Preferred Reporting Items for Systematic reviews and
Meta-Analyses (PRISMA) [49]. The study protocol was
registered under study ID CRD42022341599 in PROS-
PERO [50], an international prospective register of sys-
tematic reviews.

A comprehensive literature search was performed in
Medline via Ovid, Embase.com, and Web of Science Core
collection (SCI-expanded, SSCI, A&HCI, ESCI) accord-
ing to Bramer et al. [51]. Non-peer-reviewed sources
such a Google and other grey literature sources were
excluded from the search. The literature search focused
on English-language articles published from 2000 (when
BI-RADS was implemented in the Netherlands) and was
conducted on January 25, 2022. Schematically, the search
is as follows: (calcinosis AND (mammography or BI-
RADS)) AND (DCIS OR breast cancer). Both thesaurus
terms (in Medline via Ovid and Embase.com) and free
text terms were used if applicable. Conference abstracts
were excluded based on the publication type metadata.
The search strategy did not employ any additional filters
or draw from previous searches. The scope and syntax of
the search were verified by a second information special-
ist. Supplementary Table S1 provides a comprehensive
description of the search strategy.

The search results were imported into EndNote 20 [52]
to remove duplicate records and retrieve articles. Dupli-
cates were removed using the Bramer method, a spe-
cialized technique designed to increase accuracy when
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compared to automatic deduplication by a reference
management system [53]. Initial screening of titles and
abstracts was conducted by both M.M.L. and S.D. using
the Rayyan app [54]. Studies were considered eligible if
they detailed the mammographic CMDs related to clin-
icopathological factors such as grade, receptor-based
surrogate subtypes based on hormone receptors and
HER2, and risk of local DCIS or IBC recurrence. M.M.L.
and S.D. independently screened the remaining full-text
articles for inclusion, resolving discrepancies through
group discussion with team members. Exclusion criteria
were documented as follows: (1) non-original data (e.g.,
reviews, editorials, and guidelines), (2) non-English arti-
cles, (3) preclinical studies (e.g., animal or in vitro stud-
ies), (4) case reports and very small studies (i.e., studies
including less than 20 DCIS patients with calcifications),
(5) arterial calcifications, (6) other breast imaging tech-
niques than mammography or experimental breast imag-
ing modalities (e.g., ultrasound), and (7) calcification
morphology not described. Subsequently, the reference
lists of included articles were examined for any relevant
articles not identified by the search. Finally, articles with
overlapping patient data were excluded, retaining only
the largest series.

No other sources were searched, and no other methods
were used.

Data extraction and definitions

After the selection process, a custom form was used
to extract several study characteristics of the included
articles. These characteristics included study details
(reference, country, study design), patient and lesion
characteristics (setting of recruitment, single- or multi-
center, follow-up time in years if applicable, number of
DCIS or IBC lesions presenting as calcifications (only),
age in years, histopathological size of the lesion), out-
come measurement details (type of assay), exposure
measurement details (imaging system, method of detec-
tion, number of (blinded) readers, calcification classi-
fication system), and necessary information for quality
assessment.

The numerical results were documented by cross-tabu-
lating each CMD’s absolute numbers concerning clinico-
pathological factors.

Authors were not contacted for missing data. Miss-
ing information was noted as “not specified” or “not
available”.

Quality assessment

The Quality in Prognostic Studies (QUIPS) tool [55] was
used to assess the risk of bias in prognostic and non-
prognostic outcomes, covering six domains: study partic-
ipation, study attrition, exposure measurement, outcome
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measurement, study confounding, and statistical analysis
and reporting. Each domain was evaluated using three
to six related questions. Supplementary Table S2 pro-
vides more details on the assessment tool. Each study
was given a low, moderate, or high risk of bias for each
study, with low risk marked as one and high risk as three.
The study attrition domain was only rated for prognostic
studies that involved follow-up. Some studies reported
both prognostic (e.g., recurrence and progression to
IBC) and non-prognostic outcomes, with the QUIPS tool
applied separately for these outcomes.

To ensure consistency in the interpretation of the
QUIPS criteria, the first five papers’ results were com-
pared between the two reviewers. Then, M.M.L. and
S.D. independently performed quality assessment of the
included studies. A low-high discrepancy was defined as
a difference in risk of bias rating between the two review-
ers for a specific domain. When the reviewers did not
reach a consensus in case of a low-high discrepancy, they
sought the help of a third reviewer (A.W.B.D.), to reach a
consensus decision.

The average risk of bias per QUIPS domain was com-
pared using a ¢-test for studies published between 2000
and 2010 and between 2010 and 2022, with high risk of
bias scored as three, medium risk as two, and low risk
as one.

Certainty of evidence

The certainty of evidence (CoE) for studies included in
the meta-analysis was assessed using a modified GRADE
(Grading of Recommendations, Assessment, Devel-
opment, and Evaluations) instrument [56]. Since all
included studies were observational, the initial overall
quality of evidence graded as low with a score of 0. Subse-
quently, the overall quality rating was adjusted based on
the following domains: risk of bias, inconsistency, indi-
rectness, imprecision, and publication bias. A domain
rated as having a “moderate to low quality of evidence”
was downgraded by one point, while a domain rated as
having a “very low quality of evidence” was downgraded
by two points. Supplementary Table S3 contains the rea-
sons for downgrading.

The risk of bias was determined using the average
QUIPS tool score. Inconsistency (heterogeneity) was
determined through I values and the Cochran’s Q-test’s
p-value (P(Q)). I? values above 50% and a significant
Q-test indicated high heterogeneity between the stud-
ies. Indirectness was assessed by examining differences
between studies in population characteristics, exposure,
and outcome measurements. Imprecision was evalu-
ated based on point estimates spread, 95% confidence
intervals size, and the overlap of confidence intervals.

Page 4 of 19

Publication bias was assessed using the Egger’s test.
To account for the test’s lack of power without a repre-
sentative number of studies [57], it was applied only to
outcomes with at least 10 studies. The GRADE score was
downgraded by one point for studies whose publication
bias could not be assessed.

Data synthesis

The total number of studies assessing the same clin-
icopathological factor in relation to CMDs was cross-
tabulated along with the number of studies finding a
significant association with CMDs.

The associations between CMDs and clinicopatho-
logical factors were synthesized in pooled odds ratios
(pORs) after grouping CMDs into three risk categories.
CMDs were categorized into a low-risk, intermediate-
risk, and high-risk group for meta-analysis since not all
studies used BI-RADS descriptors or analyzed different
CMDs separately. The low-risk group included calcifi-
cations with punctate or amorphous morphology and
served as the reference group. The intermediate-risk
group consisted of calcifications with a coarse heteroge-
neous or (fine) pleomorphic morphology, while the high
risk-group included fine linear calcifications based on
the difference in positive predictive value for the pres-
ence of DCIS. To categorize CMDs into risk groups,
non-BI-RADS descriptors were aligned with BI-RADS
descriptors (Supplementary Table S4) based on simi-
lar descriptions (e.g., “linear” and “casting-type” as both
describe calcifications arranged in a line).

Random-effects models were employed to calculate the
pORs for CMDs and clinicopathological factors, allowing
for heterogeneity between studies. The Mantel-Haenszel
method was used to combine binary effect estimates
(ORs) across studies. The Paule-Mandel estimator was
used to model between-study variance (tax?) in calculat-
ing the pORs, as this estimator is suitable for studies with
small sample sizes and binary outcomes. A forest plot
was used to visually represent the pOR for each factor
and risk group.

Studies were excluded from the meta-analysis if they
did not report effect sizes or used categories (e.g., effect
size measures, follow-up period, definitions or methods
of measurement for exposure or outcome, adjustment
factors, and analytical methods) that were not compara-
ble with the other studies assessing that specific clinico-
pathological factor.

Subgroup analyses were not feasible due to the lim-
ited number of studies per clinicopathological factor
and insufficient information on relevant subgroups (e.g.,
method of detection, calcification classification systems,
and number of readers).
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All analyses were performed with R version 4.2.2 (R
Foundation for Statistical Computing, Vienna, Austria)
using the meta R package (version 6.1). Pooled estimates
were reported in combination with 95% confidence inter-
vals (CI), and two-sided p-values of<0.05 were used to
determine statistical significance.

Results

Through an extensive search that included reference
cross-checking of relevant articles, a total of 4715 unique
articles were collected. An initial screening, based only
on studies’ titles, led to the exclusion of 3946 articles.
A following evaluation of the remaining 769 articles,
based on their abstract, led to the removal of 666 arti-
cles. Among these, about 44% were excluded because
they were not in English, presented non-original data,
or were classified as case reports. Further analysis of
the remaining 103 articles using full-text assessment

Articles identified from:
Medline (n = 2,648)
EMBASE (n = 2,826)

Web of Science (n=2,303)

Additional articles
identified by reference

tracking of included
articles (n = 746)
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(Supplementary Table S5) resulted in the exclusion of
another 74 articles. The main reason of exclusion at this
stage was the lack of an adequate description of calcifi-
cation morphology.

Ultimately, 29 studies met the strict inclusion criteria,
which covered CMDs and associated clinicopathologi-
cal factors in patients diagnosed with DCIS. The results
section is further organized in three sections: (i) study
characteristics, presenting an overview of the included
studies and patient populations; (ii) results of synthesis,
consolidating the extracted outcomes from the included
studies; and (iii) assessment of bias using the QUIPS tool,
evaluating the risk of bias across the selected studies.

Figure 1 outlines the approach used for the systematic
literature search and subsequent study selection process.

Study characteristics
In all 29 studies, the data was collected retrospectively
from hospital registries, national registries, or clinical

Duplicate articles removed

|
v v

Articles screened: Title
(n=4,715)

(n=3,808)

Articles excluded
> (n=3,946)

l

Articles screened: abstract
(n=769)

~

Articles excluded (n = 666)

Abstract not available (n = 4)

Non-English article (n =30)

Non-original article (n = 166)

Low sample size (e.g. case reports) (n = 80)
Image modality other than mammography (n = 3)

—_—————,——————e

Articles screened: full-text
(n=103)

Reference
tracking

IBC only/insufficient DCIS cases (n=35)
Outcomes other than the association between calcification descriptors
and clinicopathological factors (n = 348)

\_

nrticles excluded (n =74) \

1. Full text not available/retracted (n = 3)

NounsrwNE

Studies included in review:
(n=29)

DCIS (n=20) DCIS and IBC (n = 9)

3. Morphology calcifications not described (n=58)

4. Outcomes other than the association between calcification descriptors
and clinicopathological factors (n=9)

5. Low sample size (n<25) (n=2)

6. Patient overlap (n=2)

J

Fig. 1 Overview of the Medline, EMBASE, and Web of Science literature search and selection process of eligible articles. The searches were
performed on January 25, 2022. Note that 4713 articles were identified, of which 29 met our inclusion criteria. Abbreviations: DCIS, ductal carcinoma

in situ; IBC, invasive breast cancer
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trials. Cohort (n=27), case—control (#=1), and a case-
cohort within a random control trial (n=1) designs were
used. Twenty were single-center studies, and 9 involved
multiple centers. While 20 studies exclusively studied
DCIS, nine studies included patients with both DCIS and
IBC. The number of DCIS patients with calcifications per
study ranged from 32 to 1783. Fifteen studies described
calcification morphology according to the BI-RADS sys-
tem, while the remaining 14 studies used non-BI-RADS
descriptors. In ten studies, the lesions were described
as only screen-detected, while in another ten studies,
they were reported to be both screen-detected and non-
screen-detected. The remaining studies did not specify
the method of lesion detection. Thirteen studies speci-
fied using mammograms with calcifications only, without
other mammographic abnormalities.

Table 1 shows the characteristics of the selected studies
between 2000 and 2022.

Reported clinicopathological factors in relation to CMDs

A total of 29 studies investigated 17 distinct factors con-
cerning CMDs (Table 2), with 28 studies assessing non-
prognostic outcomes, including high grade (n=16),
(micro)invasion (n=38), (comedo)necrosis (#=7), HER2
overexpression (n=6), ER positivity (n=6), age (n=3),
Ki67 or proliferation (n=2), histological size (n=2),
neoductgenesis (n=2), calcification distribution (n=2),
margin status (#=1), comedocarcinoma (n=1), multi-
centricity (n=1), tenascin-C (n=1), and Oncotype DX
score (n=1). Furthermore, five studies assessed prognos-
tic outcomes including recurrence (n=4) and DCIS pro-
gression to IBC (n=1).

Data synthesis and meta-analysis

Out of the 17 clinicopathological factors reported
across 29 studies, 14 factors were significantly associa-
tion in at least one study (Table 2). A meta-analysis was
conducted for five clinicopathological factors, deemed
sufficiently homogeneous across 20 studies (Fig. 2):
high grade (n=11), HER2 overexpression (n=4), ER
positivity (n=4), (comedo)necrosis (#=5), and the
presence of (micro)invasion) (n=5). The meta-analysis
shows the aggregated results for low-, intermediate-,
and high-risk CMDs concerning the clinicopathologi-
cal factors.

High-risk CMDs demonstrated a significant associa-
tion with four clinicopathological factors including high
grade (pOR, 4.92; 95% CI, 2.64-9.17), (comedo)necrosis
(pOR, 3.46; 95% CI, 1.29-9.30), (micro)invasion (pOR,
1.53; 95% CI, 1.03-2.27), and ER positivity (pOR, 0.33;
95% CI, 0.12-0.89). High-risk CMDs were negatively
associated with ER positivity, indicating a reduced inci-
dence of ER positivity in high-risk versus low-risk CMDs.
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Intermediate-risk CMDs were significantly associ-
ated with high grade (pOR, 2.07; 95% CI, 1.44—-2.96) and
(comedo)necrosis (pOR, 2.58; 95% CI, 1.87-3.54), while
showing an increased pOR of 1.66 (95% CI, 0.92-2.99)
with a p-value of 0.09 for (micro)invasion.

Heterogeneity measures I and P(Q) revealed inconsist-
encies in the estimates reported in the included studies
concerning high grade (, P(Q): 54%, p=0.002 for high-
risk and 47%, p=0.04 for intermediate-risk CMDs), ER
positivity (7%, P(Q): 49%, p=0.12 for high-risk CMDs),
comedo(necrosis) (I, P(Q): 52%, p=0.08 for high-risk
CMDs), and invasion (I, P(Q): 55%, p=0.06 for interme-
diate-risk CMDs).

Neither high-risk CMDs (pOR, 1.80; 95% CI, 0.28—
11.46) nor intermediate-risk CMDs (pOR, 0.72; 95% CI,
0.19-2.82) were significantly associated with HER2. One
contributing study by Zhou et al. [47] reported odds
ratios below one, indicating a reduced risk. A consider-
able discrepancy existed between odds ratios calculated
from the different included studies, reflected in the het-
erogeneity measures I> with >83% and p(Q) < =0.001.

Egger’s test was not significant, indicating that there
was no publication bias for high grade, while publication
bias was not determined due to the small sample sizes for
the other outcomes.

Certainty of evidence

According to the GRADE tool approach, the certainty
of evidence for all outcomes can be rated as low (Sup-
plementary Table S3), as the studies assessed associa-
tions through observations. The calculated GRADE score
denoted the level of insufficient evidence or bias across
five domains (risk of bias according to the QUIPS tool,
heterogeneity, indirectness, imprecision and publication
bias). The highest GRADE score of —11 for (high-risk and
intermediate-risk CMDs combined) was identified for ER
positivity and high grade, indicating the highest level of
evidence. The GRADE score for the other outcomes were
as follows: invasion (—13), (comedo)necrosis (—14), and
HER?2 overexpression (—16). The next section evaluates
the risk of bias across the selected studies in detail using
the QUIPS tool.

Risk of bias per QUIPS domain

To further understand the reliability of the included stud-
ies, a thorough assessment of bias was conducted using
the QUIPS tool. The risk of bias was assessed across five
study domains, namely study participation, exposure
measurement, outcome measurement, study confound-
ing, and statistical analysis and reporting. For studies
measuring prognostic outcomes a sixth domain, study
attrition, was also evaluated (Fig. 3).
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Table 2 Overview of clinicopathological factors that were assessed in the studies

Clinicopathological factors
(reference)

First author, year of publication

No. of studies No. included in meta-analysis

Assessed
factors

Statistically
significant
finding

Grade

Avdan Aslan, 2021 [16]; Barreau, 2005 16 8

11 studies in meta-analysis

[19]; de Roos, 2006 [20]; Dinkel, 2000

[22]; Evans, 2010 [23]; Hofvind, 2011

[24]; Holmberg, 2013 [25]; Kessar, 2002

[26]; Kong, 2020 [28]; Lee, 2021 [30];

Rauch, 2016 [34]; Rominger, 2015 [35];
Szynglarewicz, 2016 [38]; Tan, 2000 [41];

Thurfiell, 2002 [43]; Zhou, 2017 [47]

Presence (micro) invasive breast cancer  Bagnall, 2001 [18]; Lee, 2000 [29];

Nishimura, 2004 [33]; Stomper, 2003

5 studies in meta-analysis

[37]; Tabar, 2011 [40]; Thurfjell, 2002 [43];

Wang, 2019 [44]; Zhang, 2021 [46]

Avdan Aslan, 2021 [16]; Barreau, 2005 7 4
[19]; Holmberg, 2013 [25]; Lee, 2021

(Comedo)necrosis

5 studies in meta-analysis

[30]; Rauch, 2016 [34]; Szynglarewicz,

2016 [38];Tan, 2000 [41]
Her2 overexpression

Avdan Aslan, 2021 [16]; Bae, 2013 [17]; 6 3

4 studies in meta-analysis

Kim, 2015 [27]; Lee, 2021 [30]; Rominger,

2015 [35]; Zhou, 2017 [47]

4 studies in meta-analysis

Groups not comparable for meta-
analysis

ER positivity Avdan Aslan, 2021 [16]; Bae, 2013 [171; 6 3
Kim, 2015 [27]; Lee, 2021 [30]; Rominger,
2015 [35]; Zhou, 2017 [47]

Recurrence? Holmberg, 2013 [25]; Rauch, 2016 [34]; 4 1
Rominger, 2015 [35]; Zhou, 2017 [47]

Age Holmberg, 2013 [25]; Szynglarewicz, 3 0

2016 [38]; Zhou, 2017 [47]

Ki67/proliferation Lee, 2021 [30]; Zhou, 2017 [47]

Histological size

Neoductgenesis Zhou, 2017 [47]; Zhou, 2014 [48]

Calcification distribution
[38]

de Roos, 2004 [21]
Barreau, 2005 [19]
Rauch, 2016 [34]
Zhou, 2017 [47]
Woodard, 2019 [45]
Lilleborge, 2021 [31]

Margin status
Comedocarcinoma
Multicentricity
Tenascin-C
Oncotype DX score

Progression to invasive disease®

Evans, 2010 [23]; Holmberg, 2013 [25] 2 1

Hofvind, 2011 [24]; Szynglarewicz, 2016 2 1

Groups not comparable for meta-
analysis

Groups not comparable for meta-
analysis

Groups not comparable for meta-
analysis

Groups not comparable for meta-
analysis

Groups not comparable for meta-
analysis

1 Meta-analysis N/A
1 Meta-analysis N/A
0 Meta-analysis N/A
1 Meta-analysis N/A
1 Meta-analysis N/A
1 Meta-analysis N/A

2 Prognostic outcomes

Across the 29 studies, five out of 170 individual
rated QUIPS domains exhibited a low-high discrep-
ancy between the two reviewers in their rating of
bias. Following consultation with the third reviewer
(A.W.B.D.), these domains were assigned a moderate
risk of bias rating. This suggests that the discrepancies
in the assessment of the bias using the QUIPS tool were
limited.

The study participation domain revealed eight stud-
ies with a high risk of bias and 15 with a moderate risk

in either prognostic or non-prognostic outcomes. The
downgrading of studies was primarily attributed to
small sample sizes and inadequate description of study
groups, data collection criteria, and methods or rea-
sons for missing data.

In the exposure domain, seven studies exhibited a high
risk of bias, while 13 demonstrated a moderate risk. The
downgrading mainly resulted from situations where
only one reader determined the CMDs, or when crucial
details were omitted, such as whether the readers were
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Random Effects Model

Clinicopathological Factors No. studies No. Calc. Lesions No. Cases

High-risk CMDs 10 1300 944
Intermediate-risk CMDs 11 1545 807
Low-risk CMDs(reference group) 10 638 220
High-risk CMDs 4 135 82
Intermediate-risk CMDs 4 309 124
Low-risk CMDs(reference group) 4 83 45
High-risk CMDs 4 134 55
Intermediate-risk CMDs 4 305 194
Low-risk CMDs(reference group) 4 84 52
High-risk CMDs 5 163 120
Intermediate-risk CMDs 5 474 303
Low-risk CMDs(reference group) 4 315 115
High-risk CMDs 4 282 129
Intermediate-risk CMDs 5 680 249
Low-risk CMDs(reference group) 4 281 83

(Odds Ratio) pOR 95%-Cl p-value |2 P(Q) Egger's p-value GRADE
4.92 [2.64; 9.17] 0.00 54% 0.02 0.6 -6
2.07 [1.44; 2.96] 0.00 47% 0.04 0.73 -5
‘ 1.00 [0.78; 1.29] 1.00 0% 1.00 Ref
‘ 1.80 [0.28; 11.46] 0.53 87% 0.00 - -8
‘ 0.72 [0.19; 2.82] 0.64 83% 0.00 - -8
1.00 [0.50; 1.99] 1.00 0% 1.00 Ref
0.33 [0.12; 0.89] 0.03 49% 0.12 - -6
0.82 [0.48; 1.40] 0.47 0% 0.64 - -5
1.00 [0.52; 1.91] 1.00 0% 1.00 Ref
3.46 [1.29; 9.30] 0.01 52% 0.08 - -8
2.58 [1.87; 3.54] 0.00 0% 0.69 - -6
1.00 [0.72; 1.39] 1.00 0% 1.00 Ref
1.53 [1.03; 2.27] 0.03 0% 0.60 - -6
1.66 [0.92; 2.99] 0.09 55% 0.06 - -7
‘ 1.00 [0.69; 1.46] 1.00 0% 1.00 Ref

0.1 02 05

LI B R
1.2 5 12

Fig. 2 The meta-analysis results for each clinicopathological factor in a forest plot. For the calcification morphology descriptor (CMD) risk groups,
the pooled odds ratios (pORs), 95% confidence intervals and associated p-values are shown. Furthermore, associated heterogeneity measures (?,
P(Q)) and publication bias (Egger’s p-value), as well as certainty of evidence summarized in the GRADE score are given. The low-risk CMDs served
as a reference. Per CMD risk-group, details on the studies (number, number of calcified lesions, and number of cases) are given

3a. Non-prognostic outcomes
Level of bias due to:

Confounding
measurementand Statistcal analysis
handing and reporting

Outcome
First author Year measurement
Avian Aslan 2001 (16)
Bae 2013 )
Barreau 2005 (19)

Study participation | measurement

Nishimura 2000 @3
Rominger 2015 @)
Stomper 2003 @7)

Thurfiell 200 3)
Zhou

Summa
— w s s s o

14/28 12/28 1728
628 928 14728 /28

(n=2), =2l
Oncotype DX score (n=1),

First author Year
Holmberg 203 (25 [ i
Lilleborge. 2021 (31) | 2|
3

3. Prognostic outcomes.
Level of bias due to

(Confounding

measurement and | Statisical analysis
handing and reporting

Exposure Outcome
measurement measurement
2|
2

1
2

2 3]
3

1] 2| 2

s o5 ys o5 s os

2 moderate s 3Is /s s s s
3Is s o/s 3Is s s

Study participation_|Study attrition

(0=1).
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blinded to the outcome and how consensus was achieved
between readers.

The outcome measurement domain indicated three
studies with a high risk of bias and 11 studies with a
moderate risk. High-risk studies were characterized by a
severe lack of detail regarding the definition and method
of measuring the outcome variable. Moderate-risk stud-
ies contained insufficient information on the measure-
ment of outcome variables and, if applicable, blinding of
reviewers.

With regard to the confounding domain, most indi-
vidual studies did not adjust their results for potential
confounders. Five studies were rated as having a high

risk of bias in this domain and 18 as having a moder-
ate risk of bias. High-risk studies failed to account for
potential confounding through matching, stratification,
or the initial assembly of comparable groups. Prognos-
tic studies were rated as moderate or high risk when
they did not adjust for treatment or age in their sta-
tistical analyses. Studies with a design that somewhat
limited the risk of confounding were rated as moderate
risk.

The statistical analysis and reporting domain pre-
dominantly displayed a low risk of bias. However, in
thirteen studies, this domain was rated as moderate,
because the analysis was not powerful enough to prove
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or disprove the hypothesis. This occasionally occurred
for individual CMD groups, e.g., when chi-square tests
were applied to small sample sizes.

In the study attrition domain, three prognostic
studies were rated as having a moderate risk of bias
because the follow-up or characteristics of women who
completed the study and those who did not were not
described.

Notably, the average risk of bias was significantly higher
in the exposure measurement (p=0.01) and confound-
ing (p=0.025) domains for studies published before 2010
compared to those published after 2010.

Discussion

Data synthesis and meta-analysis

This systematic review comprehensively synthesizes the
existent literature examining the associations between
calcification morphological descriptors (CMDs) and
clinicopathological factors in women diagnosed with
DCIS with the aim of distinguishing high-risk from low-
risk DCIS lesions based on CMDs, which may aid clini-
cal decision making. A total of twenty-nine studies were
identified, evaluating 17 clinicopathological factors, of
which five were deemed appropriate for meta-analysis.

The meta-analysis revealed a significant association
between fine linear calcifications, i.e., the high-risk group
and features of aggressiveness including high grade,
presence of (comedo)necrosis, and (micro)invasion. An
inverse association was observed with ER positivity.

Intermediate-risk CMDs, i.e., coarse heterogeneous
and fine pleomorphic calcifications, were significantly
associated with high-grade and (comedo)necrosis. The
associations were generally similar to those of the fine
linear calcifications, albeit to a lesser extent. The pres-
ence of calcifications in DCIS is thought to be due to
active secretion of calcium into the ducts by (malignant)
epithelial cells in non-comedocarcinoma and calcifica-
tion of necrotic debris in comedocarcinoma [58]. The
observed association between fine linear calcifications
and the presence of (comedo)necrosis, high grade and
(micro)invasion might be attributed to the rapid growth
and common cell death that occurs within poorly differ-
entiated DCIS, culminating in calcification deposition
along the ductal structures and their linear appearance
on mammography. Fine linear calcifications may thus be
more associated to more aggressive malignancy, as their
linear appearance suggests a duct lumen filled with calci-
fied necrotic debris [58].

With respect to HER2 overexpression, a positive
association with high-risk CMDs was found, whereas a
negative association was identified with intermediate-
risk CMDs; however, neither association was statisti-
cally significant. The results were inconsistent, due
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to one study [47] presenting contradictory findings
compared to other studies [16, 17, 27] that reported
on HER2. The study’s characteristics did not provide
a clear explanation for this discrepancy, with the only
apparent difference being the use of tissue microarrays
rather than tissue resections. Nevertheless, a meta-
analysis conducted in 2013 by Elias et al. [59] which
aimed to identify imaging features of HER2 overexpres-
sion in multiple imaging modalities and included IBC
lesions next to DCIS lesions, discovered a significant
association between HER2 overexpression and high-
risk CMDs on mammography. For intermediate-risk
calcifications, they found a positive, non-significant
association with pleomorphic calcifications and no
association with coarse calcifications.

Considering the prior findings that ER-positive and
HER2-negative (luminal) breast cancers are generally
less aggressive than ER-negative and HER2-positive
invasive breast cancers [60], the associations between
linear calcifications with HER2 overexpression and
negative association with ER-positivity in our review
were not unexpected. Further research is warranted to
elucidate the role of receptor subtypes in the risk pro-
file of calcifications and associated lesions.

Twelve other clinicopathological factors were exam-
ined in relation to CMD, in addition to the ones that
were suitable for inclusion in the meta-analysis, and
several studies reported either significant or non-signif-
icant associations for these factors. Among these fac-
tors, the one related to the risk of recurrence including
the Oncotype DX score showed significant association
in two out of five studies. However, additional cohorts
and standardized methods are required to validate the
evidence on these factors.

Our comprehensive analysis suggests a potential
association between CMDs and the aggressiveness of
lesions, particularly in the progression from DCIS to
IBC. This conclusion is supported by O’Grady et al.
[61], and Tot et al. [62], who presented evidence from
a selection of important clinicopathological factors and
outcomes in their respective non-systematic reviews.
However, it is essential to note that these are narra-
tive reviews without described strategies to identify
and mitigate reporting bias. The majority of the refer-
enced studies were centered on IBC lesions, with some
of them solely examining presence of calcifications or
comparing specific calcification morphologies to their
absence. Moreover, Tot et al. [62] grouped different
calcifications into two main categories: those mostly
occupying the ducts (including casting-type and skip-
ping stone-like calcifications) and those predominantly
involving the TDLUs (including crushed stone-like and
powdery calcification). This resulted in less detailed
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information about different mammographic CMDs. To
confirm the significance of CMDs as a prognostic bio-
marker, CMDs should be studied in terms of prognostic
outcomes, such as survival or recurrence rates, next to
clinicopathological factors.

Certainty of evidence and sources of bias

Uncertainty in the findings of the meta-analysis were
revealed and the most common sources of bias in the rel-
evant articles using the GRADE approach and the QUIPS
tool. The primary source of bias originated from the
study participation domain due to low sample size and
inadequately described study groups. The majority of the
included studies utilized data from hospital or national
registries, which could have influenced the found esti-
mates. Retrospective registry-based studies depend on
the quality, size, and completeness of relevant variables
and features of the used registries. Frequently, these vari-
ables were not mentioned or properly described.

The exposure domain was also frequently rated as mod-
erate or high risk of bias because CMD determination was
often conducted by a single reader, given that the assess-
ment of these qualitative descriptors is prone to inter- and
intra-observer variability. While radiologists strongly agree
on the presence of calcifications, they agree to a lesser
degree on the classification of the observed calcification
morphology [63]. Further standardization of the descrip-
tors is therefore essential for using CMDs in medical
decision-making. Specifically, methods that can extract
high-quality features from radiological images, such as
radiomics and deep learning, hold the potential to accu-
rately discriminate between calcifications associated with
low- and high-risk DCIS [64—66]. In addition to AI and
radiomics, other imaging modalities and image enhance-
ment techniques (e.g., noise reduction and contrast
manipulation) could be considered depending on accessi-
bility, numbers, and costs, as mammography images suffer
from low contrast and background, making breast cancer
diagnosis challenging. Using accurate prediction models
could facilitate the assessment of different calcification
types more reliably in a more objective manner, overcom-
ing the substantial inter-reader variability among radiolo-
gists. Ultimately, this may aid in the clinical management
of lesions associated with such calcifications.

Bias due to inter-reader variability could also have
occurred in the outcome domain for the clinicopathological
factor grade, meaning that both radiomics and pathomics
methods might improve risk stratification of calcifications.

Concerning the confounding domain, most studies
reported on the morphology of calcifications in isolation,
not considering other descriptors that can aid in further
risk stratification and control for confounding factors
such as distribution, size, and clinicopathological factors.

Page 16 of 19

Some studies also assessed distribution, as this is another
calcification descriptor often used in clinical practice, but
not in combination with morphology. Hence, the results
from this review reflect univariable associations only,
which can lead to biased estimates and incorrect conclu-
sions if relevant covariates are omitted.

The studies published after 2010 had significantly
lower risk of bias scores in the exposure and confounding
domains as compared to the older studies from before
2010, indicating an improvement in study and evaluation
methods for this research question.

Limitations and strengths

As with the majority of systematic reviews, the design of
the current study is subject to potential limitations [67].
Systematic reviews employ a retrospective, observational
research design, and as such are susceptible to systematic
and random error. The majority of known errors in sys-
tematic reviews arise during the selection and reporting
stages [68]. To mitigate the risk of these errors, an infor-
mation specialist (S.M.) was consulted in advance to
define all the steps and judgments in the systematic review
process and to conduct the search of the articles. Fur-
thermore, M.M.L. and S.D. piloted the screening, quality
assessment, and data extraction process to improve accu-
rate interpretation and discussed discrepancies between
their results with A.W.B.D. or the whole team.

Studies with a high risk of bias according to the QUIPS
tool were not excluded in our meta-analysis given that
the risk of bias was relatively high for all studies, pre-
dominantly due to small sample sizes and inconsisten-
cies in the evaluation and registration of calcifications.
These biases have affected the reported pOR estimates, as
well as the performance of tests of heterogeneity, publi-
cation bias, and other sample size effects summarized in
the GRADE score for each clinicopathological factor and
calcification group. For a more nuanced interpretation of
the meta-analysis results, the ORs and QUIPS scores per
domain for each study were reported.

Nonetheless, this is the first systematic review and meta-
analysis to assess the association between mammographic
CMDs and clinicopathologic factors in women with DCIS.
The primary strength of such a meta-analysis lies in its
capacity to enhance the identification of associations and
uncover the sources of heterogeneity between reported
estimates across studies. Indeed, using the QUIPS tool, we
identified the most frequently occurring biases in included
studies by assessing the association between CMDs and
clinicopathological factors in a standardized manner.

In conclusion, our meta-analysis demonstrates that
specific mammographic calcification morphologies are
related to clinicopathological factors associated with
lesion aggressiveness in women with DCIS.
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This systematic review also showed a high risk of
bias and heterogeneity between studies. Therefore,
these findings need to be verified through high-quality
studies that use homogeneous cohorts and standard-
ized, reliable calcification assessment systems. Future
radiomics and deep learning studies may help in the
extraction of relevant calcification features that can
extract prognostic information in DCIS lesions and,
ultimately, in making the distinction between high-risk
and low-risk DCIS lesions and reducing overtreatment
of DCIS.

Abbreviations

BI-RADS  Breast Imaging-Reporting and Data System

CMD Calcification morphology descriptor

DCIS Ductal carcinoma in situ

GRADE Grading of Recommendations, Assessment, Development, and
Evaluations

IBC Invasive breast cancer

pOR Pooled odds ratio

QUIPS Quality in Prognostic Studies

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/513244-023-01529-z.

Additional file 1: Supplementary Table S1. S1a Table: Search strategy
used in Medline via Ovid. S1b Table: Search strategy used in Embase. S1c
Table: Search strategy used in Web of Science.

Additional file 2: Supplementary Table S2. QUIPS master form.
Additional file 3: Supplementary Table S3. Grade assessment.

Additional file 4: Supplementary Table S4. Alignment of BIRADS and
Non-BIRADS calcification morphology descriptors.

Additional file 5: Supplementary Table S5. Excluded articles after full
text screening.

Acknowledgements

This systematic review and meta-analysis were developed, performed and
guided by a multi-disciplinary group including experts in radiology, pathology,
and Al encompassing expertise in breast medical image analysis and pathol-
ogy, publishing on the detection and classification of breast calcifications.

Authors’ contributions

MML, SM, AWBD, RMM, and JW developed the study protocol. SM performed
the literature search. MML and SD performed the systematic review, obtained
the data, did all data-analysis, and wrote the manuscript. AWBD, SM, CEL, RMM,
JT, and JW revised the manuscript. AWBD, RMM, JT and JW had a major contri-
bution in writing and revising the manuscript. All authors read and approved
the final manuscript.

Funding

Research at the Netherlands Cancer Institute is supported by institutional
grants of the Dutch Cancer Society and of the Dutch Ministry of Health,
Welfare and Sport.

This work was funded by the Dutch Research Council (ZonMw) for Breast-
CARE (grant number 555004201, to J. Wesseling).

Availability of data and materials

The authors confirm that the data supporting the findings of this study are
available within the article and its supplementary material. Raw data that sup-
ports the findings of this study are available from the corresponding author,
upon reasonable request.

Page 17 of 19

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests

JTis advisor to ScreenPoint Medical and Ellogon.Al and a shareholder of
Ellogon.Al, unrelated to this study. RMM is medical advisor to Screenpoint
Medical and member of the Insights into Imaging Advisory Editorial Board. He
has not taken part in the review or selection process of this article.

All remaining authors declare no competing interests.

Author details

'Division of Molecular Pathology, Netherlands Cancer Institute - Antoni Van
Leeuwenhoek, Amsterdam, the Netherlands. Division of Radiation Oncology,
Netherlands Cancer Institute - Antoni Van Leeuwenhoek, Amsterdam, the
Netherlands. *Scientific Information Services, Netherlands Cancer Institute

- Antoni Van Leeuwenhoek, Amsterdam, the Netherlands. 4Depar‘[ment

of Radiology, Netherlands Cancer Institute - Antoni Van Leeuwenhoek,
Amsterdam, the Netherlands. 5Departmem of Medical Imaging, Radboud
University Nijmegen, Nijmegen, the Netherlands. °Department of Pathology,
Netherlands Cancer Institute - Antoni van Leeuwenhoek, Amsterdam, the
Netherlands. ’Department of Pathology, Leiden University Medical Center,
Leiden, the Netherlands.

Received: 12 May 2023 Accepted: 22 September 2023
Published online: 05 December 2023

References

1. Luiten JD,Voogd AC, Luiten EJT et al (2020) Recall and outcome of
screen-detected microcalcifications during 2 decades of mammography
screening in the Netherlands National Breast Screening Program. Radiol-
ogy 294(3):528-537

2. Hong YK, McMasters KM, Egger ME, Ajkay N (2018) Ductal carcinoma
in situ current trends, controversies, and review of literature. Am J Surg
216(5):998-1003

3. van Steenbergen LN, Voogd AC, Roukema JA et al (2009) Screening
caused rising incidence rates of ductal carcinoma in situ of the breast.
Breast Cancer Res Treat 115(1):181-183

4. Dershaw DD, Abramson A, Kinne DW (1989) Ductal carcinoma
in situ: mammographic findings and clinical implications. Radiology
170(2):411-415

5. Ryser MD, Weaver DL, Zhao F et al (2019) Cancer outcomes in DCIS
patients without locoregional treatment. J Natl Cancer Inst 111(9):952-960

6. Barratt A (2015) Perspective: the risks of overdiagnosis. Nature
527(7578):5104

7. Drukker CA, Schmidt MK, Rutgers EJ et al (2014) Mammographic screen-
ing detects low-risk tumor biology breast cancers. Breast Cancer Res Treat
144(1):103-111

8. Esserman LJ, Thompson IM, Reid B et al (2014) Addressing overdiagnosis
and overtreatment in cancer: a prescription for change. Lancet Oncol
15(6):e234-e242

9. Falck AK,Rome A, Fernd M et al (2016) St Gallen molecular subtypes in
screening-detected and symptomatic breast cancer in a prospective
cohort with long-term follow-up. Br J Surg 103(5):513-523

10. Narod SA, Valentini A, Nofech-Mozes S, Sun P, Hanna W (2012) Tumour
characteristics among women with very low-risk breast cancer. Breast
Cancer Res Treat 134(3):1241-1246

11. WHO (2019) WHO classification of tumours, 5th edn. WHO Classification
of Tumours Editorial Board, Geneva

12. ACR (2013) ACR BI-RADS atlas: breast imaging reporting and data system.
5thedn

13. Bent CK, Bassett LW, D'Orsi CJ, Sayre JW (2010) The positive predictive
value of BI-RADS microcalcification descriptors and final assessment
categories. AJR Am J Roentgenol 194(5):1378-1383


https://doi.org/10.1186/s13244-023-01529-z
https://doi.org/10.1186/s13244-023-01529-z

van Leeuwen et al. Insights into Imaging

20.

21

22.

23.

24,

25.

26.

27.

28.

29.

30.

31

32.

33

34.

35.

(2023) 14:213

Metaxa L, Healy NA, O'Keeffe SA (2019) Breast microcalcifications: the
UK RCR 5-point breast imaging system or BI-RADS; which is the better
predictor of malignancy? Br J Radiol 92(1103):20190177

Schiinemann HJ, Lerda D, Quinn C et al (2020) Breast cancer screening
and diagnosis: a synopsis of the European Breast Guidelines. Ann Intern
Med 172(1):46-56

AvdanAslan A, Gultekin S, EsendagliYilmaz G, Kurukahvecioglu O (2021)
Is there any association between mammographic features of microcal-
cifications and breast cancer subtypes in ductal carcinoma in situ? Acad
Radiol 28(7):963-968

Bae MS, Moon WK, Chang JM et al (2013) Mammographic features of
calcifications in DCIS: correlation with oestrogen receptor and human
epidermal growth factor receptor 2 status. Eur Radiol 23(8):2072-2078
Bagnall MJ, Evans AJ, Wilson AR et al (2001) Predicting invasion in mam-
mographically detected microcalcification. Clin Radiol 56(10):828-832
Barreau B, de Mascarel |, Feuga C et al (2005) Mammography of ductal
carcinoma in situ of the breast: review of 909 cases with radiographic-
pathologic correlations. Eur J Radiol 54(1):55-61

De Roos MA, Pijnappel RM, Post WJ, De Vries J, Baas PC, Groote LD (2004)
Correlation between imaging and pathology in ductal carcinoma in situ
of the breast. World J Surg Oncol 2:4

de Roos MA, Groote AD, Pijnappel RM, Post WJ, de Vries J, Baas PC (2006)
Small size ductal carcinoma in situ of the breast: predictors of positive
margins after local excision. Int Surg 91(2):100-106

Dinkel HP, Gassel AM, Tschammler A (2000) Is the appearance of microc-
alcifications on mammography useful in predicting histological grade of
malignancy in ductal cancer in situ? Br J Radiol 73(873):938-944

Evans A, Clements K, Maxwell A et al (2010) Lesion size is a major determi-
nant of the mammaographic features of ductal carcinoma in situ: findings
from the Sloane project. Clin Radiol 65(3):181-184

Hofvind S, Iversen BF, Eriksen L, Styr BM, Kjellevold K, Kurz KD (2011) Mam-
mographic morphology and distribution of calcifications in ductal carci-
noma in situ diagnosed in organized screening. Acta Radiol 52(5):481-487
Holmberg L, Wong YN, Tabar L et al (2013) Mammography casting-type
calcification and risk of local recurrence in DCIS: analyses from a ran-
domised study. Br J Cancer 108(4):812-819

Kessar P, Perry N, Vinnicombe SJ, Hussain HK, Carpenter R, Wells CA
(2002) How significant is detection of ductal carcinoma in situ in a breast
screening programme? Clin Radiol 57(9):807-814

Kim MY, Kim HS, Choi N, Yang JH, Yoo YB, Park KS (2015) Screening
mammography-detected ductal carcinoma in situ: mammographic
features based on breast cancer subtypes. Clin Imaging 39(6):983-986
Kong J, Liu X, Zhang X, Zou Y (2020) The predictive value of calcification
for the grading of ductal carcinoma in situ in Chinese patients. Medicine
(Baltimore) 99(28):e20847

Lee CH, Carter D, Philpotts LE et al (2000) Ductal carcinoma in situ diag-
nosed with stereotactic core needle biopsy: can invasion be predicted?
Radiology 217(2):466-470

Lee E, Chang Y-W (2021) Breast imaging findings of microcalcifications
in ductal carcinoma in situ and their correlations with pathological and
biological features. Iran J Radiol 18(4):e116352

Lilleborge M, Falk RS, Hovda T, Holmen MM, Ursin G, Hofvind S (2021)
Patterns of aggressiveness: risk of progression to invasive breast cancer
by mammaographic features of calcifications in screen-detected ductal
carcinoma in situ. Acta Radiol 63(5):586-595

Mansson E, Bergkvist L, Christenson G, Persson C, Warnberg F (2009)
Mammographic casting-type calcifications is not a prognostic factor in
unifocal small invasive breast cancer: a population-based retrospective
cohort study. J Surg Oncol 100(8):670-674

Nishimura S, Takahashi K, Gomi N et al (2004) What is the predictor for
invasion in non-palpable breast cancer with microcalcifications? Breast
Cancer 11(1):49-54

Rauch GM, Hobbs BP, Kuerer HM et al (2016) Microcalcifications in 1657
patients with pure ductal carcinoma in situ of the breast: correlation with
clinical, histopathologic, biologic features, and local recurrence. Ann Surg
Oncol 23(2):482-489

Rominger MB, Steinmetz C, Westerman R, Ramaswamy A, Albert US
(2015) Microcalcification-associated breast cancer: presentation, suc-
cessful first excision, long-term recurrence and survival rate. Breast Care
(Basel) 10(6):380-385

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51

52.

53.

54.

55.

56.

57.

58.

Page 18 of 19

Slanetz PJ, Giardino AA, Oyama T et al (2001) Mammographic appearance
of ductal carcinoma in situ does not reliably predict histologic subtype.
Breast J 7(6):417-421

Stomper PC, Geradts J, Edge SB, Levine EG (2003) Mammographic
predictors of the presence and size of invasive carcinomas associated
with malignant microcalcification lesions without a mass. AJR Am J
Roentgenol 181(6):1679-1684

Szynglarewicz B, Kasprzak P, Biecek P, Halon A, Matkowski R (2016)
Screen-detected ductal carcinoma in situ found on stereotactic
vacuum-assisted biopsy of suspicious microcalcifications without mass:
radiological-histological correlation. Radiol Oncol 50(2):145-152

Tabar L, Tony Chen HH, Amy Yen MF et al (2004) Mammographic tumor
features can predict long-term outcomes reliably in women with 1-14-
mm invasive breast carcinoma. Cancer 101(8):1745-1759

Tabar L, Tucker L, Davenport R et al (2011) The use of mammographic
tumour feature significantly improves outcome prediction of breast can-
cers smaller than 15 mm: a reproducibility study from two comprehen-
sive breast centres. Memo Mag Eur Med Oncol 4:149-157

Tan PH, Ho JT, Ng EH et al (2000) Pathologic-radiologic correlations in
screen-detected ductal carcinoma in situ of the breast: findings of the
Singapore breast screening project. Int J Cancer 90(4):231-236

Tang X, Yamashita T, Hara M, Kumaki N, Tokuda Y, Masuda S (2016)
Histopathological characteristics of breast ductal carcinoma in situ and
association with imaging findings. Breast Cancer 23(3):491-498

Thurfjell MG, Lindgren A, Thurfjell E (2002) Nonpalpable breast cancer:
mammographic appearance as predictor of histologic type. Radiology
222(1):165-170

Wang H, Lin J, Lai J et al (2019) Imaging features that distinguish pure
ductal carcinoma in situ (DCIS) from DCIS with microinvasion. Mol Clin
Oncol 11(3):313-319

Woodard GA, Price ER (2019) Qualitative radiogenomics: association
between BI-RADS calcification descriptors and recurrence risk as
assessed by the oncotype DX ductal carcinoma in situ score. AJR Am J
Roentgenol 212(4):919-924

Zhang M, Lin Q, Su XH et al (2021) Breast ductal carcinoma in situ with
micro-invasion versus ductal carcinoma in situ: a comparative analysis of
clinicopathological and mammographic findings. Clin Radiol 76(10):787.
el-e/

Zhou W, Sollie T, Tot T et al (2017) Ductal breast carcinoma in situ: mam-
mographic features and its relation to prognosis and tumour biology in a
population based cohort. Int J Breast Cancer 2017:4351319

Zhou W, Sollie T, Tot T et al (2014) Breast cancer with neoductgenesis:
histopathological criteria and its correlation with mammographic and
tumour features. Int J Breast Cancer 2014:581706

Page MJ, Moher D, Bossuyt PM et al (2021) PRISMA 2020 explanation and
elaboration: updated guidance and exemplars for reporting systematic
reviews. BMJ 372:n160

Page MJ, Shamseer L, Tricco AC (2018) Registration of systematic reviews
in PROSPERO: 30,000 records and counting. Syst Rev 7(1):32

Bramer WM, Rethlefsen ML, Kleijnen J, Franco OH (2017) Optimal
database combinations for literature searches in systematic reviews: a
prospective exploratory study. Syst Rev 6(1):245

Gotschall T (2021) EndNote 20 desktop version. J Med Libr Assoc
109(3):520-522

Bramer WM, Giustini D, de Jonge GB, Holland L, Bekhuis T (2016) De-
duplication of database search results for systematic reviews in EndNote.
J Med Libr Assoc 104(3):240-243

Ouzzani M, Hammady H, Fedorowicz Z, Elmagarmid A (2016) Rayyan-a
web and mobile app for systematic reviews. Syst Rev 5(1):210

Hayden JA, van der Windt DA, Cartwright JL, Coté P, Bombardier C
(2013) Assessing bias in studies of prognostic factors. Ann Intern Med
158(4):280-286

Atkins D, Eccles M, Flottorp S et al (2004) Systems for grading the quality
of evidence and the strength of recommendations I: critical appraisal of
existing approaches The GRADE Working Group. BMC Health Serv Res
4(1):38

Simmonds M (2015) Quantifying the risk of error when interpreting fun-
nel plots. Syst Rev 4:24

[tani M, Griffin AT, Whitman GJ (2013) Mammography of breast calcifica-
tions. Imaging in Medicine 5:63-74



van Leeuwen et al. Insights into Imaging

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

(2023) 14:213

Elias SG, Adams A, Wisner DJ et al (2014) Imaging features of HER2
overexpression in breast cancer: a systematic review and meta-analysis.
Cancer Epidemiol Biomarkers Prev 23(8):1464-83

Yersal O, Barutca S (2014) Biological subtypes of breast cancer: prognostic
and therapeutic implications. World J Clin Oncol 5(3):412-424

O'Grady S, Morgan MP (2018) Microcalcifications in breast cancer: from
pathophysiology to diagnosis and prognosis. Biochim Biophys Acta Rev
Cancer 1869(2):310-320

TotT, Gere M, Hofmeyer S, Bauer A, Pellas U (2021) The clinical value of
detecting microcalcifications on a mammogram. Semin Cancer Biol
72:165-174

Lee AY, Wisner DJ, Aminololama-Shakeri S et al (2017) Inter-reader
variability in the use of BI-RADS descriptors for suspicious findings on
diagnostic mammography: a multi-institution study of 10 academic
radiologists. Acad Radiol 24(1):60-66

Stelzer PD, Steding O, Raudner MW, Euller G, Clauser P, Baltzer PAT (2020)
Combined texture analysis and machine learning in suspicious calcifica-
tions detected by mammography: potential to avoid unnecessary
stereotactical biopsies. Eur J Radiol 132:109309

Sakka E, Prentza A, Koutsouris D (2006) Classification algorithms for
microcalcifications in mammograms (review). Oncol Rep 15 Spec
no..1049-55

Balkenende L, Teuwen J, Mann RM (2022) Application of deep learning in
breast cancer imaging. Semin Nucl Med 52(5):584-596

loannidis JP (2016) The mass production of redundant, misleading,

and conflicted systematic reviews and meta-analyses. Milbank Q
94(3):485-514

Drucker AM, Fleming P, Chan AW (2016) Research techniques made
simple: assessing risk of bias in systematic reviews. J Invest Dermatol
136(11):109-e114

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 19 of 19

Submit your manuscript to a SpringerOpen®
journal and benefit from:

» Convenient online submission

» Rigorous peer review

» Open access: articles freely available online
» High visibility within the field

» Retaining the copyright to your article

Submit your next manuscript at » springeropen.com




	Clinicopathological and prognostic value of calcification morphology descriptors in ductal carcinoma in situ of the breast: a systematic review and meta-analysis
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 
	Critical relevance statement 
	Systematic review registration 
	Key points 

	Introduction
	Materials and methods
	Data extraction and definitions
	Quality assessment
	Certainty of evidence
	Data synthesis

	Results
	Study characteristics
	Reported clinicopathological factors in relation to CMDs
	Data synthesis and meta-analysis
	Certainty of evidence
	Risk of bias per QUIPS domain

	Discussion
	Data synthesis and meta-analysis
	Certainty of evidence and sources of bias

	Limitations and strengths
	Anchor 26
	Acknowledgements
	References


