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Research Questions

1. What is the clinical effectiveness of 3D digital tomosynthesis with or without 2D
mammaography compared with 2D mammaography alone for breast cancer diagnosis?

2. What is the diagnostic accuracy of 3D digital tomosynthesis with or without 2D
mammography compared with 2D mammography alone for breast cancer diagnosis?

3. What is the comparative clinical effectiveness of synthetic 2D mammography compared
with conventional 2D digital mammography obtained with 3D digital tomosynthesis?

4. What is the cost effectiveness of 3D digital tomosynthesis with or without 2D
mammography compared with 2D mammaography alone for breast cancer screening or
diagnosis?

5. What are the evidence-based guidelines regarding the use of 3D digital tomosynthesis
for breast cancer screening and diagnosis?

Key Findings

Seven systematic reviews (four with meta-analyses), two randomized controlled trials, forty-
four non-randomized studies, and three economic evaluations were identified regarding the
clinical and cost-effectiveness of digital tomosynthesis compared with mammography for
breast cancer screening and diagnosis. In addition, two evidence-based guidelines were
identified regarding the use of digital tomosynthesis for breast cancer screening and
diagnosis.

Methods

A limited literature search was conducted by an information specialist on key resources
including Ovid Medline, the Cochrane Library, the University of York Centre for Reviews
and Dissemination (CRD) databases, the websites of Canadian and major international
health technology agencies, as well as a focused Internet search. The search strategy was
comprised of both controlled vocabulary, such as the National Library of Medicine’s MeSH
(Medical Subject Headings), and keywords. The main search concepts were digital
tomosynthesis and breast cancer. Search filters were applied to limit retrieval to health
technology assessments, systematic reviews, meta-analyses, or network meta-analyses,
randomized controlled trials or controlled clinical trials, economic studies or guidelines. An
additional focused search with no search filters was also conducted. Where possible,
retrieval was limited to the human population. Both searches were also limited to English
language documents published between January 1, 2014 and May 23, 2019. Internet links
were provided, where available.
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Table 1: Selection Criteria

CADTH

Selection Criteria

One reviewer screened citations and selected studies based on the inclusion criteria
presented in Table 1.

Population Adult women, subgroups:
e  Adult women ages 40 to 49

e  Adult women ages 50 to 74
e  Adult women with low breast density
e  Adult women with high breast density
Interventions Q1-2, Q4-5: 3D Digital tomosynthesis with or without 2D mammography

Q3: Synthetic 2D mammography

Comparator Q1-2, Q4-5: 2D mammography alone
Q3: 2D Digital Mammography obtained with 3D digital tomosynthesis

Outcomes Q1,Q3: Safety, adverse events (i.e. radiation)
Q2: Diagnostic accuracy (e.g., accuracy, sensitivity, specificity, detection rates)
Q4: Cost effectiveness
Q5: Guidelines and recommendations

Study Designs
randomized studies, economic evaluations, evidence-based guidelines

Health technology assessments, systematic reviews, meta-analyses, randomized controlled trials, non-

Results

Rapid Response reports are organized so that the higher quality evidence is presented first.
Therefore, health technology assessment reports, systematic reviews, and meta-analyses
are presented first. These are followed by randomized controlled trials, non-randomized
studies, economic evaluations, and evidence-based guidelines.

Seven systematic reviews (four with meta-analyses), two randomized controlled trials, forty-
four non-randomized studies, and three economic evaluations were identified regarding the
clinical and cost-effectiveness of digital tomosynthesis compared with mammography for
breast cancer screening and diagnosis. In addition, two evidence-based guidelines were
identified regarding the use of digital tomosynthesis for breast cancer screening and
diagnosis. No relevant health technology assessments were identified.

Additional references of potential interest are provided in the appendix.

Overall Summary of Findings

Seven systematic reviews,'” two randomized controlled trials,®° forty-four non-randomized
studies, %52 and three economic evaluations>*5¢ were identified regarding the clinical and
cost-effectiveness of digital tomosynthesis (DBT) compared with digital mammography
(DM) for breast cancer screening and diagnosis. Detailed study characteristics are provided
in Table 2.

Overall, the majority of study authors found that DBT alone and in addition to DM yielded
improved diagnostic accuracy and detection of breast cancers.>7:10.11.15.16,18,21,22,25,28-32,34-
36,38,41,42,44,45,47,52,53,55 There were mixed findings regarding synthetic 2D mammography
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(S2M); multiple authors found that DBT in addition to S2M had improved diagnostic
accuracy and cancer detection compared to DM alone,?439:40.43.45.46 while some authors
found no significant differences between the DBT + S2M and DBT + DM.818:19.27,31,32,46

Guidelines from Brazil do not recommend screening for breast cancer using digital
tomosynthesis alone or in addition to digital mammorgraphy.5” In addition, guidelines from
the Canadian Task Force on Preventative Health Care also does not recommend using
tomosynthesis as well as magnetic resonance imaging or ultrasound to screen for breast

cancer in women who are not at increased risk.58

Table 2: Study and Patient Characteristics for the Identified Primary and Secondary Studies

Study

Characteristics

Interventions

Comparators

Outcomes

Conclusions

Systematic Reviews and Meta-Analyses — Screening and Diagnosis

Phi, 20182 e 16 included studies (5 | DBT with/without DM | DM e Sensitivity “DBT+/-DM significantly
diagnostic, 11 e Specificity improved CDR in
screening) e CDR sc_:reening and

* MA performed e Recall rate diagnosis.”
¢ Women with o
mammographically Improved sensitivity but
dense breasts not specificity in
diagnosis
Recall rate in screening
varied
Garcia- e 11 included studies DBT DM * Sensitivity Diagnosis: inconclusive
Leon, 2015% | ¢ N=2475 women e Specificity results
¢ Negative LR _
Screening: no results
Systematic Reviews and Meta-Analyses — Diagnosis
Lei 2014* e 7 included studies DBT DM « Sensitivity DBT has a higher
¢ MA performed e Specificity sensitivity and specificity
e N=2014 patients and e Positive LR in breas_t cancer
2666 breast lesions « Negative LR diagnosis than DM
Systematic Reviews and Meta-Analyses — Screening
Marinovich, | e 17 included studies DBT DM « Sensitivity DBT has significantly
20184 * MA performed « Specificity lower recall rate and
e Asymptomatic women ¢ CDR improved CDR
* Recall rate
Yun, 2017° e 11 included studies DBT+ DM DM e CDR DBT lead to significantly
* MA performed greater CDR of invasive
cancer but not invasive
breast cancer
Hodgson, e 5 included studies DBT + DM DM e CDR DBT + DM, has a higher
2016° e FPR CDR and lower recall
« Recalll rate rate
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Conclusions

Svahn, o Number of studies not DBT + DM DM e TP FP/TP trade-off improved
20157 specified e FP using DBT + DM for all
studies
Randomized Controlled Trials — Screening
Hofvind, e N=32976 women DBT + S2M DM e CDR No significant differences
20198 e Age group 50-69 y/o
« DBT (n=14380)
e DM (n=14369)
Maxwell, e N =1227 women DBT + DM DM e CDR No significant reduction
2017° o Age group 40-49 y/o ¢ Recall rate in recall rate
Non-Randomized Studies — Safety & Diagnhostic Accuracy
Endo, ¢ N=913 women DBT + DM DM * Sensitivity DBT + DM significantly
201810 e Same radiation  Specificity improved sensitivity, and
exposure dose e AUC AUC compared to DM
o Retrospective reader alone.
study
No difference in dose
exposure
Shin, 2015 | « N=149 patients Medio later oblique DM e AGD “MLO DBT plus CC DM
DBT + cranio-caudal e JAFROC FOM | provided higher
DM * Sensitivity diagnostic performance
than two-view DM in
dense breasts with a
small increase in AGD."33
Non-Randomized Studies — Safety
Gennaro, e N=1208 women DBT DM e Radiation Findings show a modest
201812 e DBT=4798 images dose increase of radiation
o DM=4780 images dose to the breast by
DBT versus DM
Paulis, o N =244 women DBT DM e AGD “In this patient
201513 population, the AGD was
lower for DBT than for
[DM] in 61% of the
patients.”* AGD
reduction was greater for
DBT versus DM in thick
breasts
Non-Randomized Studies — Diagnosis
Abeutah, ¢ N=58 women DBT DM e Sensitivity DBT significantly better at
2019% « 68 breast lesions e Specificity diagnosing than DM and
e ROC had greater sensitivity
 Agreement and specificity
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Study : Interventions | Comparators | Outcomes Conclusions
Characteristics
Bahl, 2019'® | « N22883 mammograms | DBT + DM DM « Sensitivity DBT + DM group had
o Pre/post design e Specificity similar CDR, lower AIR,
e CDR higher PPV2/PPV3, and
e AIR specificity than DM alone
e PPV2, PPV3
Fontaine, o N=166 women with DBT + DM DM e Sensitivity DBT + DM: higher
201916 breast cancer ¢ Specificity sensitivity for Dx of
 Prospective study e AUC multicentric and
ipsilateral lesions and a
larger AUC in women
with non-dense breasts;
no significant differences
in specificity
Fujii, 2019'7 | « N=86349 DBT DBT DM « Recall rate DBT had lower recall rate
screening « Biopsy rate but comparable biopsy
e N=97378 DM e CDR rate and CDR with DM
screening
o Retrospective study
Skaane, e N=24301 women DM DBT+ DM e Sensitivity DBT + DM “resulted in
201918 e 281 breast cancer DBT + S2M DM + CAD « Specificity significant gains in
sensitivity and
specificity”1”
DBT + S2M had similar
outcomes as DBT + DM
Ambinder, e N=7845 DBT + DM DBT + S2M DBT + DM ¢ Recall rate DBT+S2M had a
201819 studies « Biopsy rate significantly lower recall
e N=14776 DBT + SM e PPV1, PPV3 rate
studies ¢ CDR
No significant difference
found in other outcomes
between groups
Mall, 20182° | ¢ N=144 women DBT DM o Sensitivity DBT had a higher
e 48 breast cancers « Specificity sensitivity, specificity,
e Age group >40 yrs e PPV PPV, and NPy angl
« Retrospective multi- o NPV improved radiologist
reader study o AUC performance compared
to DM workup with
significant reduction in
additional views required
Ohashi, e N=228 women DBT + DM DM e Sensitivity DBT + DM had improved
20184 o Age range 22-91 yrs « Specificity diagnostic performance
o Prospective study * AUC for all outcomes
¢ False compared to DM alone
Negative
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Comparators

Outcomes
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Conclusions

Singla, e N=100 women DBT + DM DM * Sensitivity DBT + DM resulted in
201822 ¢ Prospective study ¢ Specificity significant increases in
e PPV sensitivity, specificity,
e NPV and PPV, and a
e FPR significant decrease in
FPR in both diagnostic
and screening cases
Zackrisson, | e N=14851 DBT DM * Sensitivity DBT had a significantly
2018% e Age range 40-74 yrs « Specificity higher CDR, recall rate
« Prospective study « PPV and sensitivity, and
e NPV slightly slower specificity;
e Recall rate o
« CDR Similar PPV and NPV
Aujero, e N=32076 DM DBT + S2M DM e Recall rate Recall rates were
201724 screening DBT + DM o PPV significantly lower for
e N=30561 DBT + DM ¢ CDR DM+S2M
screening
« Retrospective study Invasive cancers
detected and PPV were
significantly higher for
DBT + SM versus DM
alone and DBT+DM
Giess, e N=16264 DM DBT+ DM DM ¢ Recall rate “FFDM and DBT recall
2017% e N=21074 DBT e CDR rates were not
 Retrospective study e PPV1 significantly different”?®
e Propensity score
matched DBT had a significantly
higher CDR and PPV1 of
recalled cases compared
with DM
Chae, * N=319 diagnostic DBT DM e Sensitivity “A beneficial effect on the
20162 patients « Specificity detection and
e 598 breasts e PPV characterization of breast
e Prospective study e AUC lesions was found for..
DBT compared with
...DMin a selective
diagnostic population.”?®
Improvements seen most
in dense breasts.
Choi, 20167 | e N=214 patients S2M from DBT DM e Sensitivity No statistical difference in
 Retrospective study « Specificity outcomes; S2M slightly
e PPV better specificity and PPV
Mariscotti, ¢ N=83 women DBT + DM DM e Sensitivity “Adding DBT to DM
201628 e 107 ILC e FPR significantly improved the
« Retrospective multi- e AUC accuracy of

reader study

mammographic
interpretation for ILCs
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and contributed to
characterising disease
extent.”?8

Seo, 2016% | o N=206 women DBT + DM DM « Sensitivity DBT + DM had a higher
* 129 malignancies and * Specificity diagnostic yield than DM
77 benign lesions ¢ JAFROC FOM | but masses without
o Diagnostic work up calcifications are difficult
to detect in both methods
DBT alone performs
better than DM alone
Urano, e N=65 women DBT DM ¢ CDR “DBT could detect breast
20163 o Prospective study cancer more accurately
o Cross referenced with than DM in latero-lateral
histopathological views, indicating its
findings potential to more
precisely diagnose
vertical invasion.”?°
Gilbert, » N=8869 women DBT + DM DM * Sensitivity “The addition of DBT
201531 o Age range 29-85 yrs DBT + S2M « Specificity increased the sensitivity
o Multi-reader study ¢ OR of [DM] in patients with
dense breasts and the
specificity of [DM] for all
subgroups.”3°
DBT + DM and DBT +
S2M had similar
diagnostic performance
Gilbert, o N=7060 women DBT + DM DM e Sensitivity DBT + DM significantly
2015% « Recall for further DBT + S2M « Specificity higher sensitivity than
assessment (women DM alone for groups of
aged 47-73 yrs) invasive tumours and
o High risk of breast higher breast density
cancer (women aged
40 — 49 yrs) No significant difference
« Retrospective reader in sensitivity between
study DBT + S2M and DB
alone. Specificity was
higher in all DBT reading
arms , subgroups of age,
density, and type of
tumour
Nam, 2015% | e N=84 women DBT DM « Cancer DBT was able to detect
o Retrospective reader detection significantly more
study cancers cases than DM
alone
Rafferty, o N=310 breast cancer One-view DBT + DM | DM e AUC Both DBT arms showed
20143% cases Two-view DBT + DM « Recall rate significantly greater

* Retrospective reader

diagnostic accuracy than
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study

DM alone and had lower
non-cancer recall rates;

also saw improvements

in dense and non-dense
breasts

Friedewald, | ¢ N=281187 DM exams | DBT + DM DM ¢ CDR DBT added to DM was
2014% * N=173663 DBT exams * Recall rate associated with a
» Retrospective study decrease in recall rate
using biopsies and an increase in CDR
compared to DM alone
Non-Randomized Studies — Screening and Diagnostic Measures
Conant, e N=129369 DM exams DBT + DM DM e Specificity “...screening with DBT is
201936 e N=50971 DBT exams e CDR associated with
o Age-range 40-74 yrs e Recall rate increased specificity and
« Retrospective study an increased proportion
of breast cancers
detected with better
prognosis compared with
DM.”36
Lee, 2019% o N=288 women with DBT DM e CDR DBT had significantly
dense breasts higher CDR than DM
e 300 breast cancer
Bernardi, ¢ N=NR DBT + DM DM e CDR Pattern of increasing
201838 e Women >49 yrs S2M e TP cancer detection for
¢ Retrospective reader S2M + DBT e FP radiologist when DBT +
study e FPR DM was utilized
Caumo, e N=34071 DBT screens | DBT + S2M DM e CDR DBT + S2M had a higher
20183 e N=29360 DM screens ¢ Recall rates detection rate of
o Age range 50-69 yrs histologic type and early
« Prospective study stage cancer compared
to DM
Hofvind, e N=37185 DBT + S2M DBT + S2M DM e Recall rates “DBT and SM screening
20184 screens e CDR increased the detection
e N=61742 DM screens e PPV of recall rate of histologically
e Prospective cohort e PPV of biopsy | favorable tumors
study compared with that
attained with DM
screening.” 40
No difference in
pathological screening
Houssami, ¢ N=NR DBT + DM DM e Interval Interval breast cancer
2018* « Retrospective study cancer rate was lower in the
detection DBT + DM group than

DM
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Pan, 20184 e N=NR DBT + DM DM e CDR DBT + DM increased
» Retrospective study « Recall rate CDR and decreased
recall rate compared to
DM alone
DBT more effective
detecting ductal
carcinoma in situ and
stage 1 cancer
Romero, e N=16067 women DBT + S2M DM (1t and 2" e CDR Single reading DBT +
20184 « Age range 50-69 years readings) ¢ Recall rate S2M increased cancer
DBT + DM detection and decreased
recalls compared with
double reading DM; DM
did not improve results
when added to DBT
Skaane, e N=24301 DBT + DM DBT + DM DM e Sensitivity DBT + DM screening led
2018% screens « Specificity to significant increases in
e N=59877 DM screens e CDR cancer detection and
o Age range 50-69 yrs e Interval §pecificity;_ nonsig_n_ifi_cant
« Retrospective double cancer Increases In sensitivity
reading detection
¢ Recall rate
Bernardi, ¢ Subset analysis of DBT + DM DM e CDR Most cases detected by
20174 larger study DBT + S2M DBT only, from one
« Prospective double reading
reading screening
DBT enables detection of
cancer not detected
during routine screening
Freer, e N=31979 DBT + DM DM ¢ Recall rate DBT + S2M yielded
20174 « Retrospective DBT + S2M e CDR significantly decreased
e PPV1 recall rates compared to

DM

There were no significant
differences in CDR in
DBT+S2M and DBT+DM.
PPV1 significantly
increased with DBT+S2M
compared to DM

DBT+S2M is a desirable
alternative to DBT+DM
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Houssami, o N=9672 DBT + DM DM CDR DBT had higher CDR and
201747 o Women 2 49 yrs FPR lower FPR compared to
« Retrospective reader DM
study
Conant, o N=55998 DBT DBT DM e Recall rates DBT had reduction in
20168 o N=142883 DM e CDR recall rates, significant

e Women 40-74 yrs e FNR increase in CDR,

« Retrospective study e PPV1 improvement in PPV1,
and no significant
different in FPR
compared to DM

Lang, o N=15000 DBT DM e CDR DBT had higher CDR,
2016% * Women 40-74 years e Recallrates | higher recall rate, and no
e Prospective study e PPV difference in PPV
compared to DM
Sharpe, e N =5703 DBT DBT DM e CDR DBT had higher CDR and
2016 e N =80149 DM e Recall rates lower Recall rate
« Retrospective study compared to DM
e \Women 49-79
Mcdonald, e N=10728 DM DBT DM e CDR DBT had lower recall
2015%1 e N=15571 DBT e Recall rates rates, increased CDR,
« Retrospective study e PPV1 increased PPV1
compared to DM
Bernardi, e N=7292 DBT + DM DM e CDR DBT + DM had increased
201452 ¢ Prospective study e FPR CDR, increased TP, and
e TP lower FPR compared to
DM
Greenberg, o N=23149 DBT DBT + DM DM ¢ Recall rates DBT yielded lower recall
201453 o N=54684 DM e CDR rates, increased CDR,
« Prospective study e PPV1 significantly increased
e PPV3 PPV1, and no significant
difference in PPV3
Economic Evaluations
Hunter, e N=3655 DBT DBT DM e CE DMT is a cost-equivalent
20175 o N=2664 DM or potentially cost-

effective alternative to
DM for private insurance
billing
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Stud , :
y Interventions Comparators | Outcomes Conclusions
Characteristics
Kalra, e N=NR DBT + DM DM ¢ CE (QALY) DBT + DM was cost-
2016 o Age range 40+ yrs effective compared to DM

3x greater net monetary
benefits for women 40-49
yrs

Lee, 2016 | o« NR DBT + DM DM e CE Inconclusive findings

AIR = abnormal interpretation rate; AGD = average glandular dose; AUC = area under the receiver operator characteristic curve; CAD = computer aided detection; CC =
cranio-caudal; CDR = cancer detection rate; CE = cost-effectiveness; DBT = digital breast tomosynthesis; DM = 2D digital mammography; Dx = diagnosis; FFDM = full
field digital mammography; FOM = figure of merit, FP = false positive; FPR = false positive rate; ILC = invasive lobular carcinoma; JAFROC = jackknife alternative free-
response receiver operating characteristic; LR = likelihood ratio; MA = meta-analysis; MLO = mediolateral oblique; NR = not reported; NPV = negative predictive value;
OR = odds ratio; PPV2 = positive predictive value; QALY = quality adjusted life year; ROC = receiver operator characteristic curve; S2M = synthetic 2D mammography;
TP = true positive; yrs = years.
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