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Comprehensive quantitative malignant risk prediction of pure 
grouped amorphous calcifications: clinico-mammographic 
nomogram
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Background: Pure grouped amorphous calcifications are classified as Breast Imaging Reporting and Data 
System (BI-RADS) category 4B suspicious calcifications and recommended for biopsy. However, the biopsies 
often reveal benign findings, especially in screening mammograms (92.4–97.2%).
Methods: Mammograms of 699 pure grouped amorphous calcifications with final pathological results were 
analyzed in this retrospective study. The maximum span (MS) of the group of calcifications and the MS of 
the parallel/vertical direction of the mammary duct (MPS/MVS) were measured, and the MPS to MVS 
ratio was calculated. Based on the MS and ratio, 2 prediction nomograms with other clinic-mammographic 
features were developed. The discrimination performance of the models was assessed and compared by the 
area under the receiver operating characteristic curve (AUC). Scatterplots were created to determine the 
cutoff values with fewer misdiagnoses of malignant calcifications and fewer false positives.
Results: Ultimately, 2 prediction models were successfully developed based on the 4 risk factors of age, 
purpose of the mammogram, whether multiple or single calcifications, and the MS [odds ratio (OR) =1.06, 
P=0.02]/ratio (OR =6.05, P<0.001). Both models had good discrimination. The ratio model performed better 
than the MS model in the training cohort (AUC of 0.875 and 0.834, respectively, P=0.003) and validation 
cohort (AUC 0.908 and 0.867, respectively, P=0.047). For the group with probably benign calcifications (as 
detected by the ratio nomogram), the malignancy rates were 2.7% [95% confidence interval (CI): 1.00% 
to 6.53%] and 1.19% (95% CI: 0.06% to 7.37%) in the training and validation cohorts, respectively, and 
44.12% and 47.70% of benign biopsies were detected in the training and validation cohorts, respectively.
Conclusions: The clinico-mammographic quantitative malignancy risk prediction nomogram showed 
favorable discrimination and calibration performance. The ratio model showed better diagnostic efficiency 
than the MS model, and identified >40% of benign biopsies.
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Introduction

Mammography is widely accepted as the most reliable 
technique for assessing breast calcifications. Microcalcifications 
are associated with approximately 55% of non-palpable breast 
carcinomas and 85–95% of ductal carcinomas in situ (DCIS) 
which are detected by screening mammography (1,2). The 5th 
Breast Imaging Reporting and Data System (BI-RADS) (3) 
provides standardized descriptions for the morphology and 
distribution of calcifications, which should both be considered 
when analyzing and planning therapeutic management (4-10). 
Grouped amorphous calcifications are the most common type 
of suspicious calcifications. For this type, the positive predictive 
value (PPV) is approximately 20%, the category is assessed as 
4B, and a biopsy is recommended (4).

Despite the widely known benefits of the early 
detection of breast cancer, concerns continue to be raised 
regarding unnecessary biopsies and surgeries on benign 
microcalcifications (11-13). In recent years, researchers 
have debated the acceptable risk and the benefit balance 
on grouped amorphous calcifications due to the low PPV, 
especially in screening mammography, which has a PPV 
of 2.8–7.6% (4-7). These studies have suggested that the 
results of biopsies of grouped amorphous calcifications are 
often benign. Many factors affect the PPV of calcifications, 
including the distribution, morphology, patient age/
menopausal status, whether the mammogram was for 
screening or diagnostic purposes, and history of breast 
or ovarian cancer (2-10,14,15). We also found that the 
malignancy rate of grouped amorphous calcifications was 
lower than other calcification distributions in our previous 
study (16). However, to date, very few studies have focused 
on the assessment of pure grouped amorphous calcifications.

This study sought to qualitatively predict the malignancy 
rates of grouped amorphous calcifications using user-
friendly nomograms, and identify calcifications that are 
probably benign. We present the following article in 
accordance with the STARD reporting checklist (available 
at https://qims.amegroups.com/article/view/10.21037/
qims-21-797/rc).

Methods

Participants

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). The study 
was approved by the Institutional Review Board of Fudan 
University Shanghai Cancer Center, and individual consent 
for this retrospective analysis was waived. We consecutively 
reviewed all amorphous calcifications (n=5,974) on both 
screening and diagnostic full-field digital mammograms at 
our institution with high-resolution (5-megapixel) monitors 
(BARCO MDNG -5121) between January 2013 and 
December 2018. The clinical and pathological information 
was also reviewed on the electronic medical record system. 
At our institution, all grouped amorphous calcifications are 
assessed as BI-RADS 4B and recommended for biopsy. 

The exclusion criteria for this study were as follows: (I) 
accurate pathologic results were not obtained (n=3,494, 
most of these calcifications had a diffused or scattered 
distribution); (II) associated masses, suspicious asymmetries, 
or architectural distortions were found (n=1,236); (III) 
the patient had undergone invasive breast surgery within  
6 months  of  the  mammogram (n=160) ;  ( IV)  the 
calcifications could only be observed in 1 view (n=32); (V) 
the calcification distribution was not grouped (n=326). 
Figure S1 shows the flow of patients throughout the study. 
Ultimately, 699 pure grouped amorphous calcifications 
from 604 women were included in this study.

Data acquisition

Al l  anonymous  fu l l - f i e ld  d ig i t a l  mammograms , 
demographics, and clinical features were reviewed and 
evaluated by 2 experienced breast radiologists (with 
11 and 15 years of experience, respectively, who were 
blinded to the pathologic results) based on 5th edition 
of BI-RADS (the only widely used structured guidelines 
for breast imaging throughout the world). The breast 
composition, whether multiple calcifications were present 
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(classified as follows: single; multiple unilateral; multiple 
bilateral), side, location, and BI-RADS classification were 
recorded. The maximum span (MS) of the calcifications (4),  
the MS of the calcifications in the parallel direction of the 
mammary duct (parallel direction from the breast nipple 
toward the chest wall (17), (abbreviated as MPS), and the 
MS of the calcifications in the vertical direction of the 
MPS (abbreviated as MVS) were measured (Figure 1),  
and the ratio of the MPS to the MVS (abbreviated as ratio) 
were calculated. The MS was recorded as the larger of 
the measurements on the 2 views of the mammograms, 
while the MPS, MVS, and ratio were recorded as the 
measurements on the view with the larger ratio. At first, 
the 2 radiologists measured 60 cases each, and an absolute 
agreement 2-way random intraclass correlation efficient 
(ICC) was used for the repeatability analysis of the MS 
and ratio. Next, the 2 radiologists assessed all the included 
calcifications together. If there was any disagreement, 
another more senior radiologist (26 years’ experience) 
was invited to evaluate and discuss the issue with the 2 
radiologists, before forming a final conclusion.

Case demographics and clinical features, including 
age, menopausal status, a personal or family history of 
breast, ovarian cancer, or other malignant tumor, the 
purpose of the mammogram (classified as follows: 0: 
screening mammogram, 1: diagnostic examination), and the 
histopathologic features from the electronic medical records 
were also documented. The final pathologic results were 

categorized as benign or malignant. Any high-risk lesions 
that could not be clearly identified as benign or malignant 
were excluded, as stipulated by exclusion criterion (I).

Statistical analysis

The programs of R software (version 3.6.1; R Foundation 
for Statistical Computing, Vienna, Austria, http://www. 
r-project.org) and SPSS 22.0 (SPSS Inc., IBM Corp., 
Chicago, IL, USA) were used for statistical analysis. Cases 
were divided into training and validation cohorts at a 
ratio of 7:3 using the “caret” package based on stratified 
randomization with fixed benign and malignant proportions. 
Mann-Whitney U tests, χ2 tests, or Fisher’s exact tests were 
used to compare all clinical and mammographic features 
as appropriate. A 2-sided P<0.05 indicated a statistically 
significant difference. A stepwise multivariate binary logistic 
regression analysis was conducted to select risk factors 
and develop prediction models using the training cohort. 
To prevent overfitting, the ratio and MS were separately 
introduced to develop 2 prediction models. The probability 
of malignancy (prob-score) was calculated for each group 
of calcifications. The discrimination performance of the 
models was assessed and compared by the area under the 
receiver operating characteristic curve (AUC) with the 
95% confidence interval (CI). Calibration curves and the 
Hosmer-Lemeshow goodness-of-fit test were used to 
assess the calibration performance and the overall fit of the 

Figure 1 Illustration of the measurements. MS (A, white line), MPS (B, white line), and MVS (B, black line). MS, maximum span of 
the calcifications; MPS, maximum span of the calcifications in the parallel direction of the mammary duct; MVS, maximum span of the 
calcifications in the vertical direction of MPS.

A B

http://www. r-project.org
http://www. r-project.org


Quantitative Imaging in Medicine and Surgery, Vol 12, No 5 May 2022 2675

© Quantitative Imaging in Medicine and Surgery. All rights reserved.   Quant Imaging Med Surg 2022;12(5):2672-2683 | https://dx.doi.org/10.21037/qims-21-797

models. A P value >0.05 indicated non-significant deviance 
from the theoretical perfect calibration. A cutoff value A 
with the highest Youden index was found. A cutoff value 
B with fewer misdiagnoses of malignant calcifications and 
fewer false positives was also found by creating a scatterplot 
with the prob-scores and actual pathologic results (malignant 
or benign). We divided the calcifications into probably 
benign and malignant groups based on the above 2 cutoff 
values.

Results

Included cases and clinicopathologic characteristics

The final study included 699 grouped amorphous 
calcifications from 604 women, including 582 benign and 
117 malignant lesions (Tables S1,S2). The time between the 
mammography and biopsy or surgical excision was <30 days. 
The cases had a mean age of 46.54±8.79 years (24–86 years), 
and most were premenopausal (74.2%, 523/699; Table S2). 
There were 490 groups of calcifications in the training 
cohort, and 209 in the validation cohort, and there was no 
difference in the pathological results (P=0.922) or clinical 
or mammographic features (P=0.134–0.978) between the 2 
cohorts.

Development and validation of the prediction models

The MS and ratio had good repeatability, the ICC 
was 0.94 (95% CI: 0.87 to 0.97) for the MS, and 0.92 
(95% CI: 0.86 to 0.95) for the ratio. The MS and ratio 
differed significantly between the benign calcifications 
(MS 9.45±5.29 mm and ratio 1.06±0.38) and malignant 
calcifications (MS 11.41±4.64 mm and ratio 1.52±0.64) 
(P<0.001). Additionally, the MPS, whether multiple 
calcifications were present, purpose of the mammogram 
(screening or diagnostic), menopausal status, age, and 
age group differed significantly between the benign and 
malignant calcification groups. Some risk factors, such as 
whether the calcifications were increased findings compared 
to the previous examination, could not be included in the 
statistical analyses due to the small amount of positive data. 
Finally, the MS/ratio models were separately developed 
with the 4 risk factors of the MS/ratio, whether multiple 
calcifications were present, purpose of the mammogram, 
and age group (LR =118.69, R2=0.362/LR =152.48, 
R2=0.450), and the prob-score/prob-score1 was calculated. 
The odds ratios (ORs) with 95% CIs and the p values for 
the included risk factors are detailed in Table 1. The MS 
model had AUCs of 0.834 (95% CI: 0.782 to 0.887) and 
0.867 (95% CI: 0.791 to 0.944), while the ratio model had 

Table 1 Multivariate logistic regression analysis of the 2 models

Features
MS model Ratio model

P value OR (95% CI) P value OR (95% CI)

MS 0.022* 1.06 (1.01, 1.13) – –

Ratio – – <0.001* 6.05 (3.29, 11.11)

Purpose <0.001* 15.72 (8.64, 28.62) <0.001* 16.98 (8.88, 32.47)

Quantity

Single – – – –

Multiple unilateral 0.256 0.60 (0.25, 1.44) 0.629 0.80 (0.33, 1.95)

Multiple bilateral 0.005* 0.37 (0.19, 0.75) 0.009* 0.37 (0.17, 0.78)

Age groups

<40 years 0.003* 0.19 (0.06, 0.56) 0.007* 0.21 (0.07, 0.65)

≥40 and <50 years 0.002* 0.23 (0.09, 0.58) 0.007* 0.26 (0.10,0.70)

≥50 and <60 years 0.022* 0.31 (0.11, 0.84) 0.021* 0.28 (0.10,0.82)

≥60 years – – – –

*, P<0.05. MS model, the prediction model based on the factor of MS (maximum span of the group of calcifications); Ratio model, the 
prediction model based on the factor of ratio (the ratio of the maximum span of the group of calcifications in the parallel direction to the 
maximum span in the vertical direction of the mammary duct). OR, odds ratio; CI, confidence interval. 
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AUCs of 0.875 (95% CI: 0.830 to 0.920) and 0.908 (95% 
CI: 0.851 to 0.965) for the training and validation cohorts, 
respectively (Figure 2). The Delong test confirmed that the 
ratio model performed better than the MS model in both 
the training (P=0.003) and validation (P=0.047) cohorts. 
The accuracy, sensitivity, specificity, PPV, and negative 
predictive value (NPV) of the ratio model were all higher 
than those of the MS model (see Table 2). The Hosmer-
Lemeshow test (P>0.05) and calibration curves (Figure 3) 
revealed that the ratio and MS model had good calibration.

The cutoff value A with the highest Youden index was 
0.129 in the ratio model (Figure 2A), and 0.109 in the 
MS model (Figure 2B). The cutoff value B with fewer 

misdiagnoses of malignant calcifications was 0.05 in both 
the ratio (Figure 4A,4B) and MS models (Figure 4C,4D). 
The cutoff value B had lower accuracy, specificity and PPV, 
but higher sensitivity and NPV than the cutoff value A  
(Table 3). More benign lesions were identified by the 
cutoff value B of prob-score1 than that of prob-score both 
in the training and validation cohorts, with only 1 more 
misclassified malignant lesion in the training cohort. In 
relation to the malignancy rate of the probably benign 
groups in the 2 models divided by the cutoff value B  
(Table 4), the malignancy rate of the probably benign 
group was lower in the ratio model than the MS model  
(Table 4). In relation to the 699 cases, the malignancy rate of 

Figure 2 The ROC curves. The AUCs of the ratio model (A,C) showed better performance than the MS model (B,D). The cutoff value A 
with the highest Youden index was 0.129 (A) in the ratio model with a sensitivity of 0.841 and specificity of 0.811. The cutoff value was 0.109 
(C) in the MS model with a sensitivity of 0.793 and specificity of 0.765. ROC, receiver operating characteristic; AUC, area under the ROC 
curve; MS, maximum span of the calcifications.
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Figure 3 Calibration curves. Calibration curves of the ratio model (A,B) and MS model (C,D) describe the consistency between the 
predicted results of the malignancy and the actual pathologic results. The 45° straight line indicates the ideal prediction. A smaller distance 
between the curves and the line indicates the higher prediction accuracy of the nomogram. MS, maximum span of the calcifications.

Table 2 Accuracy and predictive results of the 2 prediction models

Prediction Performance
Training Cohort (490, 82/408)† Validation Cohort (209, 35/174)†

MS model Ratio model MS model Ratio model

AUC 0.834 0.875 0.867 0.908

95% CI 0.782, 0.887 0.830, 0.920 0.791, 0.944 0.851, 0.965

Accuracy (%) 76.5 81.4 74.2 81.8

Sensitivity (%) 79.3 84.1 80.0 88.6

Specificity (%) 76.0 80.9 73.0 80.5

PPV (%) 39.9 46.9 37.3 47.7

NPV (%) 96.5 97.8 94.8 97.2
†, numbers of (total, malignant/benign lesions). MS model, the prediction model based on the factor of MS (maximum span of the group of 
calcifications); Ratio model, the prediction model based on the factor of ratio (the ratio of the maximum span of the group of calcifications 
in the parallel direction to the maximum span in the vertical direction of the mammary duct). AUC, area under the curve; CI, confidence 
interval; PPV, positive predictive value; NPV, negative predictive value.

Calibration curve of the ratio model 
in the training cohort

Calibration curve of the MS model 
in the training cohort

Calibration curve of the ratio model 
in the validation cohort
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Figure 4 Scatterplots. The red circles represent benign lesions, and the blue triangles represent malignant lesions. The black vertical line 
indicates the cutoff value B (0.05). The prob-scores below 0.05 were allocated to the probably benign group. More benign lesions were 
allocated to the benign group in the ratio model (prob-score1) than the MS (maximum span of the calcifications) model (prob-score) in both 
the training cohort (A,C) and validation cohort (B,D), with only 1 more misclassified malignant lesion in the training cohort.

Table 3 Accuracy and predictive results of the 2 cutoff values of our models

Prediction performance

Training cohort (490, 82/408)§ Validation cohort (209, 35/174)§

Cutoff value A Cutoff value B Cutoff value A Cutoff value B

MS Ratio MS Ratio MS Ratio MS Ratio

Malignancy misdiagnosed† 17 (20.7%) 13 (15.9%) 4 (4.9%) 5 (6.1%) 7 (20.0%) 4 (11.4%) 1 (2.9%) 1 (2.9%)

Benign lesions avoided biopsy‡ 310 (80.9%) 330 (76.0%) 115 (28.2%) 180 (44.1%) 127 (73.0%) 140 (80.5%) 48 (27.5%) 83 (47.7%)

Accuracy (%) 76.5 81.4 39.4 52.4 74.2 81.8 39.2 56.0 

Sensitivity (%) 79.3 84.1 95.1 93.9 80.0 88.6 97.1 97.1 

Specificity (%) 76.0 80.9 28.2 44.1 73.0 80.5 27.6 47.7 

PPV (%) 39.9 46.9 21.0 25.2 37.3 47.7 21.3 27.2 

NPV (%) 96.5 97.8 96.6 100.0 94.8 97.2 98.0 98.8 
†, number (percentage of misdiagnosed malignancy in total malignancy); ‡, number (percentage of avoided biopsy benign lesions in total 
benign lesions); §, numbers of (total, malignant/benign lesions); MS, the prediction model based on the factor of MS (maximum span 
of the group of calcifications); Ratio, the prediction model based on the factor of ratio (the ratio of the maximum span of the group of 
calcifications in the parallel direction to the maximum span in the vertical direction of the mammary duct). PPV, positive predictive value; 
NPV, negative predictive value.
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the probably benign group divided by the cutoff value B was 
2.23% (95% CI: 0.91% to 5.03%) in the ratio model, which 
was also lower than that in the MS model (2.98%, 95% CI: 
1.10% to 7.18%). Additionally, 45.19% (95% CI: 41.11% 
to 49.34%) of the biopsies of benign lesions in the ratio 
model were detected (44.12% in the training cohort and 
47.70 in the validation cohort), which was more than that of 
the MS model (28.01%, 95% CI: 24.43% to 31.88%). Of 
the 6 misdiagnosed malignant cases, 5 were DCIS, and all 
6 cases were estrogen receptor/progesterone receptor (ER/
PR) positive. Next, the predictive nomogram (Figure 5) was 
successfully plotted based on the ratio model. 

Discussion

In this study, we primarily investigated the diagnostic value 
of the range spans of groups of calcifications as quantitative 
factors to establish predictive nomograms with improved 
differentiating ability. We first proposed the concept of 
the ratio of the MS in the parallel direction to the MS in 
the vertical direction of the mammary duct of the grouped 
amorphous calcifications. The ICCs confirmed the good 
repeatability of the MS and ratio. Additionally, both the 
MS and ratio were meaningful in the differential diagnosis 
of benign and malignant calcifications. We successfully 
developed 2 prediction models based on the MS and ratio, 
both of which had good discrimination and calibration 
performance. The ratio model showed better discrimination 
performance than the MS model, and identified a probably 
benign group with a malignancy rate <3%.

Numerous studies (4,7-10,14-16,18-20) have shown that 
each suspicious descriptor and the combined descriptors 
of the 5th BI-RADS have predictive value in stratifying 
the risk of malignancy for microcalcifications detected on 
mammograms. However, few studies have focused on pure 

grouped amorphous calcifications, which is a controversial 
calcification type due to the high false-positive rate of 
biopsies. To our knowledge, this study had the largest 
sample size of 699 grouped amorphous calcifications. There 
is consensus that >90% of biopsies of screening-detected 
grouped amorphous calcifications reveal benign pathological 
results, and more nuanced management is needed to reduce 
the number of biopsies of benign calcifications (4-7).

Farshid et al. (21) found that the mammographic 
extent of microcalcifications >15 mm was associated with 
malignancy, but there is no recommendation about the 
range measurement of calcifications in clinical practice. We 
referred to the recommendations for pulmonary nodule 
measurements, which suggest using the average of the long- 
and short-axis spans for assessment as it relates better to 
tumor volume, and recommend manual measurements as 
they are convenient for extensive application in clinical 
practice (22). As the PPV of the segmental distribution 
descriptor is significantly higher than the grouped 
distribution (3), we manually measured the MPS, MVS, 
and MS, and calculated the ratio of the MPS to MVS. 
We hypothesized that the ratio would be better related to 
the segmental distribution tendency of the calcifications 
than the MS, and may be a risk factor for malignancy. 
Our hypothesis was supported by results showing that the 
ratio model had better discrimination performance than 
the MS model. However, further research involving more 
radiologists and institutions needs to be conducted to 
confirm this finding and its repeatability.

Age and menopausal status have always been important 
risk factors for the benign and malignant calcifications of the 
breast, which have been distinguished in BI-RADS category 
4 calcifications (14) and amorphous calcifications (4).  
In this study, age group and menopausal status were also 
found to be malignancy risk factors, and elderly women 

Table 4 Malignancy rate of the probably benign groups divided by the cutoff value B

Cohort Model Total No.
Malignancy

No. Rate (%) 95% CI (%)

Training cohort  (490, 82/408)† MS model 119 4 3.36 1.08; 8.90

Ratio model 185 5 2.70 1.00; 6.53

Validation cohort  (209, 35/174)† MS model 49 1 2.04 0.11; 12.24

Ratio model 84 1 1.19 0.06; 7.37
†, numbers of (total, malignancy/ benign lesions). MS model: the prediction model based on the factor of MS (maximum span of the 
group of calcifications); Ratio model: the prediction model based on the factor of ratio (the ratio of the maximum span of the group of 
calcifications in the parallel direction to the maximum span in the vertical direction of the mammary duct). CI, confidence interval.
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(aged ≥60 years) had a higher malignancy rate than 
younger women, which is consistent with the literature on 
amorphous calcifications (4,23).

A nomogram is a visualization statistical tool based 
on logistic regression that can take multiple risk factors 
into account, and thus provide more comprehensive  
predictions (24). Nomograms have been successfully 
employed to predict lymph nodes metastasis, disease-
free survival, and the lymphedema risk of breast cancer 
patients (25-29). In this study, we developed a user-friendly 
nomogram based on the ratio model, which displayed 
excellent discrimination performance in the differential 
diagnosis of benign and malignant calcifications. This non-
invasive method only relied on routine clinical information 
and simple measurements from mammograms, and thus 
could be easily used in clinical applications. With the cutoff 
value A, which corresponded to the highest Youden index, 
we were able to obtain higher accuracy, specificity, PPV, 
and more benign lesions avoided biopsy, but we did not 
think that the percentage of misdiagnosed malignancies was 
clinically acceptable. Thus, we found the cutoff value B, 
and the malignancy rate for the detected probably benign 
group was close to 2%, which is the upper malignancy 

likelihood limit for BI-RADS category 3 recommended 
for follow-up management. We believe that an initial short 
interval follow-up examination period of 6 months can be 
recommended. With the cutoff value B, >40% of benign 
lesions were detected.

Our study had several limitations. First, it was a 
retrospective single-center study without external validation 
from other hospitals. Second, we only included suspicious 
calcifications obtained from pathological results, and did not 
separately study screening and diagnostic mammograms. 
This may have introduced bias to the results, as the 
percentages of screening and diagnostic mammograms are 
likely to vary greatly among institutions. Thus, prospective 
multicenter large-scale research studies that focus on 
screening mammograms including follow-up patients need 
to be conducted to enable further generalization. Third, 
the manual assessment of the mammographic features and 
the measurement of the spans would introduce subjective 
interpretation among doctors. Future work should seek to 
include a combination of computer-aided detection and 
deep learning to improve reproducibility. Finally, the PPV 
of the probably benign group was slightly higher than 
2%, and 6 malignancies were misdiagnosed in our study. 

Figure 5 The prediction nomogram based on the ratio model for prob-score1 (the probability of malignancy). Every risk factor corresponds 
to “Points”, and “Total Points” corresponds to “prob-score1”. In “purpose”, 0 represents the screening mammogram, and 1 represents the 
diagnostic examination. “Ratio” represents the ratio of the maximum spans in the parallel direction to the vertical direction of the mammary 
duct of the calcifications. “Quantity” represents the quantity of the groups of calcifications, 1 represents single group of calcifications, 2 
represents multiple unilateral groups of calcifications, and 3 represents multiple bilateral groups of calcifications. “Age1” represents the age 
groups, 1 represents <40 years old, 2 represents ≥40 and <50 years old, 3 represents ≥50 and <60 years old, and 4 represents ≥60 years old. 
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Thus, future work should seek to include a combination of 
computer-aided detection radiomics and deep learning to 
improve differential diagnosis performance (30,31). 

Conclusions

We developed a clinic-mammographic nomogram for 
individual quantitative malignancy risk prediction of 
pure grouped amorphous calcifications, which showed a 
favorable discrimination performance. The range span 
measurement of calcifications is meaningful in predicting 
malignancy probability, and the ratio showed better 
diagnostic performance than the MS model. With a cutoff 
value of 0.05, the ratio model–based nomogram may help 
clinicians to identify grouped amorphous calcifications that 
are probably to be benign. More than 40% of biopsies could 
be detected with <3% misdiagnoses of malignancy. Further 
studies need to be conducted to validate these results.
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Supplementary

Table S2 Comparison of malignancy rate in different subgroups

Total No. Malignancy No. Malignancy rate % (95% CI)

BI-RADS 4A 564 48 8.51 (6.40, 11.20)

BI-RADS 4B 135 69 51.11 (42.40, 59.75)

Purpose of 
mammogram

Screening 575 45 7.83 (5.82, 10.41)

Diagnostic exam 124 72 58.06 (48.86, 66.76)

Quantity Single 372 86 23.12 (19.00, 27.81)

Multiple unilateral 112 15 13.39 (7.94, 21.44)

Multiple bilateral 215 16 7.44 (4, 45, 12.02)

Age groups 1. <40 143 26 18.18 (12.43, 25.69)

2. ≥40 and <50 340 44 12.94 (9.75, 17.09)

3. ≥50 and <60 161 29 18.01 (12.58, 25.01)

4. ≥60 55 17 30.91 (19.52, 44.97)

Menopausal Status Premenopausal 523 72 13.77 (10.99, 17.09)

Postmenopausal 176 45 25.57 (19.44, 32.79)

Table S1 Detailed pathological results

Pathological result
Total cohort 

% (number, number of total)
Training cohort 

% (number, number of total)
Validation cohort 

% (number, number of total)

Malignant lesions 16.7 (117/699) 16.7 (82/490) 16.7 (35/209)

DCIS 44.4 (52/117) 42.6 (35/82) 48.6 (17/35)

IDC 50.4 (59/117) 50.0 (41/82) 51.4 (18/35)

Also had DCIS 49.2 (29/59) 46.3 (19/41) 55.6 (10/18)

Others 5.1 (6/117) 7.3 (6/82) 0.0 (0/35)

Benign lesions 83.3 (582/699) 83.3 (408/490) 83.3 (174/209)

Breast hyperplasia 59.5 (346/582) 60.3 (246/408) 57.5 (100/174)

Breast hyperplasia with fibroadenoma 
forming tendency

15.8 (92/582) 16.4 (67/408) 14.4 (25/174)

High risk lesions 15.8 (92/582) 14.2 (58/408) 19.5 (34/174)

Fibroadenoma 7.0 (41/582) 7.6 (31/408) 5.7 (10/174)

Others 1.9 (11/582) 1.5 (6/408) 2.9 (5/174)

% (number, number of total). DCIS, breast ductal carcinoma in situ. IDC, invasive ductal carcinoma. Other malignant lesions included 
Invasive lobular carcinoma, mucinous breast carcinoma and solid papillary intraductal carcinoma. High risk lesions included atypical 
ductal hyperplasia, intraductal papillomatosis, atypical lobular hyperplasia and radial scar. Other benign lesion included calcium salt 
deposition and inflammation.
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Figure S1 The flow of patients.


