
See discussions, stats, and author profiles for this publication at: https://www.researchgate.net/publication/374007520

Diagnostic performance of two versions of an artificial intelligence system in

interval breast cancer detection

Article  in  Acta Radiologica · September 2023

DOI: 10.1177/02841851231200785

CITATIONS

4
READS

49

5 authors, including:

Davut Can Güner

5 PUBLICATIONS   34 CITATIONS   

SEE PROFILE

Erkin Aribal

Acıbadem University

164 PUBLICATIONS   1,535 CITATIONS   

SEE PROFILE

All content following this page was uploaded by Erkin Aribal on 23 August 2025.

The user has requested enhancement of the downloaded file.

https://www.researchgate.net/publication/374007520_Diagnostic_performance_of_two_versions_of_an_artificial_intelligence_system_in_interval_breast_cancer_detection?enrichId=rgreq-ff8bf6f032a2625310127409af588eaf-XXX&enrichSource=Y292ZXJQYWdlOzM3NDAwNzUyMDtBUzoxMTQzMTI4MTYwMjU1ODcwOEAxNzU1OTUwMDg0NTQ4&el=1_x_2&_esc=publicationCoverPdf
https://www.researchgate.net/publication/374007520_Diagnostic_performance_of_two_versions_of_an_artificial_intelligence_system_in_interval_breast_cancer_detection?enrichId=rgreq-ff8bf6f032a2625310127409af588eaf-XXX&enrichSource=Y292ZXJQYWdlOzM3NDAwNzUyMDtBUzoxMTQzMTI4MTYwMjU1ODcwOEAxNzU1OTUwMDg0NTQ4&el=1_x_3&_esc=publicationCoverPdf
https://www.researchgate.net/?enrichId=rgreq-ff8bf6f032a2625310127409af588eaf-XXX&enrichSource=Y292ZXJQYWdlOzM3NDAwNzUyMDtBUzoxMTQzMTI4MTYwMjU1ODcwOEAxNzU1OTUwMDg0NTQ4&el=1_x_1&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Davut-Guener?enrichId=rgreq-ff8bf6f032a2625310127409af588eaf-XXX&enrichSource=Y292ZXJQYWdlOzM3NDAwNzUyMDtBUzoxMTQzMTI4MTYwMjU1ODcwOEAxNzU1OTUwMDg0NTQ4&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Davut-Guener?enrichId=rgreq-ff8bf6f032a2625310127409af588eaf-XXX&enrichSource=Y292ZXJQYWdlOzM3NDAwNzUyMDtBUzoxMTQzMTI4MTYwMjU1ODcwOEAxNzU1OTUwMDg0NTQ4&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Davut-Guener?enrichId=rgreq-ff8bf6f032a2625310127409af588eaf-XXX&enrichSource=Y292ZXJQYWdlOzM3NDAwNzUyMDtBUzoxMTQzMTI4MTYwMjU1ODcwOEAxNzU1OTUwMDg0NTQ4&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Erkin-Aribal?enrichId=rgreq-ff8bf6f032a2625310127409af588eaf-XXX&enrichSource=Y292ZXJQYWdlOzM3NDAwNzUyMDtBUzoxMTQzMTI4MTYwMjU1ODcwOEAxNzU1OTUwMDg0NTQ4&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Erkin-Aribal?enrichId=rgreq-ff8bf6f032a2625310127409af588eaf-XXX&enrichSource=Y292ZXJQYWdlOzM3NDAwNzUyMDtBUzoxMTQzMTI4MTYwMjU1ODcwOEAxNzU1OTUwMDg0NTQ4&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Acibadem-University?enrichId=rgreq-ff8bf6f032a2625310127409af588eaf-XXX&enrichSource=Y292ZXJQYWdlOzM3NDAwNzUyMDtBUzoxMTQzMTI4MTYwMjU1ODcwOEAxNzU1OTUwMDg0NTQ4&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Erkin-Aribal?enrichId=rgreq-ff8bf6f032a2625310127409af588eaf-XXX&enrichSource=Y292ZXJQYWdlOzM3NDAwNzUyMDtBUzoxMTQzMTI4MTYwMjU1ODcwOEAxNzU1OTUwMDg0NTQ4&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Erkin-Aribal?enrichId=rgreq-ff8bf6f032a2625310127409af588eaf-XXX&enrichSource=Y292ZXJQYWdlOzM3NDAwNzUyMDtBUzoxMTQzMTI4MTYwMjU1ODcwOEAxNzU1OTUwMDg0NTQ4&el=1_x_10&_esc=publicationCoverPdf


Diagnostic performance of two versions
of an artificial intelligence system
in interval breast cancer detection

Levent Çelik1, Davut Can Güner1 , Ömer Özçağlayan1 ,
Rahmi Çubuk1and Mustafa Erkin Arıbal2

Abstract
Background: Various versions of artificial intelligence (AI) have been used as a diagnostic tool aid in the diagnosis of

breast cancer. One of the most important problems in breast screening progmrams is interval breast cancer (IBC).

Purpose: To compare the diagnostic performance of Transpara v1.6 and v1.7 in the detection of IBC.

Material and Methods: Reports of screening mammograms of a total 2,248,665 of women were evaluated retrospect-

ively. Of 2,129,486 mammograms reported as Breast Imaging Reporting and Data System (BIRADS) 1 and 2, the IBC

group consisted of 323 cases who were diagnosed as having cancer on mammography and were correlated with pathology

in second mammogram taken >30 days after first mammogram. Four hundred and forty-one were defined as the control

group because they did not change over 2 years. Cancer risk scores of both groups were determined from 1 to 10 with

Tranpara v1.6 and v1.7. Diagnostic performances of both versions were evaluated by the receiver operating characteristic

curve.

Results: Cancer risk scores 1 and 10 in v1.7 increased compared to v1.6 (P< 0.001). In all cases, sensitivity for v1.6 was

56.6%, specificity was 90%, and, for v1.7, sensitivity was 65.9% and specificity was 90%, respectively. In all cases, area

under the curve values were 0.812 for v1.6 and 0.856 for v1.7, which was higher in v1.7 (P< 0.001). Diagnostic perform-

ance of v1.7 was higher than v1.6 at the 7–12-month period (P< 0.001).

Conclusion: The present study showed that Tranpara v1.7 has a higher specificity, sensitivity and diagnostic performance

in IBC determination than v1.6. AI systems can be used in breast screening as a secondary or third reader in screening

programs.
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Introduction
Interval breast cancer (IBC) is defined as breast cancer that is
clinically detected after a negative screening exam, before a
scheduled screening mammography. IBC depicts more
agressive phenotypes than screen detected breast cancers
(BC) (1). Therefore, IBC is an important health problem
for women. A negative mammogram may develop due to
the presence of radiologically occult lesions, the or absence
of detectable lesions or a failure to interpret (2). Because of
difficulties for IBC determination, IBC is an important indi-
cator for the quality of screening programs (3).

Artificial intelligence (AI) is a recent diagnostic tool
for mammography that has frequently been used in the

detection of breast cancer. AI systems are used in the diag-
nosis of breast cancer that provide diagnosis at the level of
experienced breast radiologists and contribute to diagnosis
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as a second reader (4,5). There are also studies that have
investigated the roles and contributions of AI systems in
IBC detection (6). Transpara (ScreenPoint Medical,
Nijmegen, The Netherlands) is an AI system dedicated to
detecting breast cancer in mammography. Studies have
determined that the Transpara system contributes to detect-
ing breast cancer with high accuracy rates (7). Many ver-
sions of the Transpara AI system are used in breast
cancer detection. However, to date, there are no studies
comparing the diagnostic performance of AI systems for
IBC.

The present study aimed to evaluate the diagnostic per-
formance and compare accuracy rates of Transpara v1.7
in the detection of IBC compared to v1.6, comprising last
two versions of the Transpara system.

Material and Methods

Study population and mammography evaluation
This retrospective study was accepted by the local ethics
committee (04/21/2021 date and 2021-08/14 approval
number). In total, 2,248,665 mammogram reports were
scanned retrospectively for women aged 40–69 years who
were enrolled in the Turkish National Breast Screening
Program between March 2016 and December 2019 with a
recall rate of 5.3%. Some 2,129,486 of mammograms
were classified as Breast Imaging Reporting and Data
System (BIRADS) 1 and 2.

The breast cancer study group consisted of 442 women
who were diagnosed as having breast cancer with patho-
logic correlation on days 5 and 730 after the first screening
mammogram. All of the breast cancers were cases with a
pathologic diagnosis of breast cancer in the Turkish
National Cancer Registry. From this group, women who
were diagnosed as having cancer in the mammogram
taken 30 days after the first mammogram with pathologic
correlation constituted the IBC group. Thirty-six of these
cases were excluded from the study because of computed
radiography mammography. Eighty-three cancer cases
that were detected after within the first month from the
screening mammography were excluded from the study.
Although mammographic screenings are performed by
invitation in our country, screening centers also screen
women who present with their own compliants. For that
reason, these patients with signs and symptoms were not
actually screening patients and were excluded from the
study, and these lesions may be associated with cancers
with misdiagnosed mammography examinations that refer
to an early pathologic cancer diagnosis. As a result, 323
cases reported as normal by two readers in digital mammog-
raphy, with no symptoms (such as palpable mass lesion or
bloody nipple discharge) and diagnosed as breast cancer
with pathologic correlation at day 30 day after screening
mammogram and before day 730, were labeled as IBC.

Four hundred and forty-one women whose mammograms
were BIRADS 1 and 2 and were next round mammograms
also reported as normal, labeled as “time proven normal”,
comprised the control group (Fig. 1).

Transpara system
All normal and cancer cases were evaluated separately with
AI systems (Transpara v1.6 and v1.7; ScreenPoint
Medical). In both AI systems, the intensities of the
images were normalized primarily. Then, convolutional
neural networks were run to detect calcification and soft
tissue lesions in both AI versions. Calcification and soft
tissue images were combined to label suspicious lesions.
Cases were scored from 1 to 10 for malignancy risk by
both AI systems. The accuracy of the data from both
systems was compared statistically.

Statistical analysis
Data were analyzed using SPSS, version 25.0 (IBM Corp.,
Armonk, NY, USA). Sensitivity and specificity values were
determined for the diagnostic performances of Transpara
v1.6 and v1.7 according to pathologic diagnosis as a refer-
ence value in the IBC evaluation. Area under curve (AUC)
values were determined by the receiver operating character-
istic (ROC) curve at a 95% confidence interval (CI). Then,
the cases were divided into 1–6 months, 7–12 months, 13–
18 months and 19–24 months according to the IBC diagno-
sis times, and the diagnostic performance of the AI systems
was evaluated separately with the ROC curve. P< 0.05 was
considered stastistically significant.

Results
Lesions labeled as Transpara score 1 increased from 8% to
11% and Transpara score 10 increased from 26% to 29% in
v1.7 compared to v1.6, respectively (Fig. 2). When the
diagnostic performances of Transpara v1.6 were compared
with v1.7 in all cases, the sensitivity of Transpara v1.6 was
56.6% and the specificity was 90.0%, and the sensitivity of
Transpara v1.7 was 65.9% and the specificity was 90.0%,
respectively (Fig. 3). According to the sensitivity and spe-
cifity, the ROC curve determined AUC as 0.812 for
Transpara v1.6 and as 0.856 for Transpara v1.7, respect-
ively. As a result, diagnostic performance of Transpara
v1.7 was higher in all cases (P< 0.001) (Fig. 4).

In ROC analysis performed after dividing the cases into
periods, AUC values of both versions in the 1–6-month
period were higher compared to the others. In this period,
the AUC value was higher for Transpara v1.7 compared
to v1.6. However, no statistically significant difference
was found in terms of diagnostic performance in this
period in both modalities (AUC Transpara v1.6 = 0.801,
AUC Transpara v1.7 = 0.819; P = 0.221). A statistical
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difference between the diagnostic performance of the two
modalities was observed at the 7–12-month period. The
AUC values in this period were determined as 0.638 for
Transpara v1.6 and 0.728 for Transpara v1.7, respectively,
and were statistically higher in Transpara v1.7 (P< 0.001)
(Table 1).

Discussion
The present study is the first multicenter, multireader study
in the literature that has a large study population and eval-
uated the diagnostic performance of different versions of

the same AI systems in IBC detection in a breast screening
program. The study showed that Transpara v1.6 and v1.7
versions are important diagnostic tools with high specificity
and sensitivity in IBC diagnosis, and the diagnostic per-
formance of Transpara v1.7 is higher than v1.6 between
the two versions.

Because the main purpose of breast screening programs
is to detect the disease at an early and curable stage in the
early diagnosis of breast cancer, it plays the most important
role in cancer diagnosis (8,9). Studies have shown that
screening programs reduce mortality of breast cancer by
approximately 25% in women aged over 50 years (10)

Fig. 1. Flow chart of study population. BIRADS, Breast Imaging Reporting and Data System; IBC, interval breast cancer.
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and by 15% in women aged 40–49 years (11). In the litera-
ture, the prevalence of IBC has been reported to be approxi-
mately 8.4–21.1 per 10,000 scans for a 2-year period (12).

Risk factors for the development of IBC may be due to
lesion-related and reader-related reasons. Reasons related
to the lesion are high breast density, hormone replacement

Fig. 2. (a) Distribution of Transpara score of v1.6 (green bars). Transpara 10 score of v1.6 was 26% of all cases. (b) Distribution of

Transpara score v1.7 (blue bars). The red circle shows the increase in Transpara score 1 in v1.7 (11%) compared to v1.6 (8%). Transpara

score 10 of v1.7 score was 29% of all cases and was also higher than v1.6.

Fig. 3. Craniocaudal mammography of a 45-year-old woman shows pathology proven IBC in the left breast on the outer quadrant. (a)

Transpara v1.6 could detected the lesion but did not indicate high risk (white arrow). (b) Transpara v1.7 correctly identified the lesion

and labeled as high risk (white tailed arrow). IBC, interval breast cancer.
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therapy, family history of breast cancer and young age.
Some cancers (e.g. lobular cancer) may have subtle findings
in mammograms. Another reason for IBC is fast growing
cancers (13). Reasons related to the reader can be due to
perceptual and interpretive reasons. The most frequently
missed lesions in screening mammograms can be listed as
asymmetrical density, subtle distortion, microcalcification
and poorly circumscribed mass lesion (14).

AI systems using multi-layered convolutional neural net-
works have been frequently used in breast cancer diagnosis
in recent years (15). Studies in the literature showed that AI
systems have sensitivity and specificity values as high as
those of experienced radiologists in breast radiology in
the evaluation of breast cancer. For this reason, studies
agreed that AI systems are helpful as a second reader in
the evaluation of breast lesions, especially with mammog-
raphy (16–18). There are studies in the literature in which
different versions of Transpara were used to evaluate
breast cancer. In their study comparing Transpara v1.3

versus a human reader for detecting breast cancer with
mammography, Sasaki et al. (7) showed that this version
of Transpara has a similar sensitivity and specificity, but
is lower than a human reader.

There are also studies in the literature comparing AI
systems with human readers in IBC evaluation. The study
by Graewingholt et al. (19), which investigated the effect-
iveness of AI in IBC assessment, found the sensitivity of
AI for IBC detection to be approximately 48%. The
present study achieved higher sensitivity and specificity
values for IBC diagnosis in both versions of Transpara
than the previous study. Lang et al. (6), in a study using
Transpara v1.5, showed that the Transpara AI system
achieved high accuracy in IBC detection and caused a
decrease of approximately 19.3% in IBC rates in screening
programmes and a decrease in recall rates. In their study, it
was emphasized that AI is a diagnostic aid system in the
detection of IBC without any additional examination (ultra-
sound or magnetic resonance imaging) (6).

Fig. 4. ROC analysis shows increased diagnostic performance of Transpara v1.7 compared to v1.6 in all over women. AUC for v1.7

was 0.856 and AUC for v1.6 was 0.812, respectively. AUC, area under curve; ROC, receiver operating characteristic.

Table 1. Diagnostic performance of two versions of the Transpara AI system according to time periods.

Time after screening (months) n

v1.6 v1.7

PAUC 95% CI AUC 95% CI

1–6 131 0.801 0.758–0.845 0.819 0.780–0.858 0.221

7–12 76 0.638 0.576–0.700 0.727 0.673–0.782 <0.001

13–18 60 0.698 0.638–0.758 0.720 0.660–0.780 0.271

19–24 56 0.596 0.523–0.668 0.576 0.502–0.650 0.429

AI, artificial intelligence; AUC, area under curve; CI, confidence interval.

Çelik et al. 2895



Advances in AI systems are also depicted in the diagnos-
tic performance of these systems. Indeed, the present study
showed that the diagnostic performance of v1.7, which is
the latest version of the Transpara system, has higher accur-
acy rates than v1.6 for all women. Both versions of
Transpara had a similar high diagnostic performance for
the 1–6-, 13–18- and 19–24-month periods. However, the
7–12-month period, v1.7, had a higher diagnostic perform-
ance compared to v1.6. In the 1–6-month period, and both
versions had maximum diagnostic accuracy. This might be
due to contamination of clinical breast cancer cases.

The present study also showed that a score of 10 for
cancer risk detected by the Transpara system increased
the detection of true positive cases in the latest version.
This finding clearly showed the increase in sensitivity for
the detection of IBC. It was also interesting to see that
Transpara score 1 for cancer risk detected by v1.7 also
increased compared to v1.6. This might also suggest that
the latest version has an increased detection ability for
true negative cases (increased specifity) of IBC. In addition
to the present study, there are ongoing studies in the litera-
ture (Screen CAD-TRUST study) investigating the increase
in true negative rates and hence the specificity of AI
systems in breast screening programmes (20). We consider
that both an increase in sensitivity and specifity will also
increase the quality of detecting mammographies when
using AI systems and might decrease the burden of
routine radiology practice. This increase in accuracy will
make the AI systems a second or third reader in breast
screening programmes. The present study has some limita-
tions. A lack of intra- and inter-observer realibility of the
two readers was the main limitation. Another limitation is
the risk of contamination of clinical cases within the first
month after screening mammography.

In conclusion, both versions of Transpara v1.6 and v1.7
are diagnostic tools with high diagnostic performance in
IBC detection. Our study has shown that, between two ver-
sions, v1.7 achieves higher accuracy rates compared to the
other. The study also depicted that the more recent version
of Transpara had higher sensitivity and specifity for detection
of IBC. The increase in the rates of Transpara score 1 in the
more recent version also allows high specifity and helps to
detect true negative cases more accurately. This might
provide higher accuracy in breast screening programs. We
consider that developments in AI systems will increase the
accuracy of detecting mammographies and help breast radi-
ologists by reducing the burden of radiology practice in terms
of screening and diagnosis in breast diseases, especially in
IBC. We also consider that AI systems will be included in
routine examinations as a second or third reader in the future.
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