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Abstract
Key Points
• The studies on AI reading of screening mammograms have methodological limitations that undermine the conclusion that AI
could do better than radiologists.

• These studies do not informon numbers of extra breast cancers found by AI that could represent overdiagnosis.
• The ability of AI to detect breast cancers is overestimated because there are no result on biopsy procedures that should be
performed when mammograms are positive at AI reading but not at radiology reading.

The article of McKinney and colleagues claims that an artifi-
cial intelligence (AI) system outperforms radiologists for the
identification of breast cancer in screening mammograms [1].
However, the study design has limitations and the way results
are reported tends to obscure key data which do not support
claims made by authors.

The study has included breast cancers detected by screen-
ing mammography and breast cancers diagnosed during a 3-
(in the UK) or 2-year (in the USA) follow-up after screening.
Hence, all cancers were those found by screening mammog-
raphy plus the interval cancers. The cancers found by screen-
ing mammography are a mix of tumours that would have
progressed into clinical cancer in the absence of screening
mammography, and of overdiagnosed tumours that would
have not progressed into clinical cancer during women’s life-
time. The interval breast cancers are a mix of cancers missed
by screening mammography plus cancers that arose during
follow-up.

Using results displayed in Extended Data Tables 2 and 5 of
the publication, we could classify the 402 breast cancers of the
UK part of the study in four mutually exclusive categories

(Table 1). Such reworking was not possible for mammograms
that were negative at both readings. So, 252 cancers (63%)
were found by the first radiologist, 263 (65%) were found by
AI, and the two modalities were discordant for 20% of mam-
mograms in which a cancer was present. Of note, 26% of
cancers still arose as interval cancers during follow-up.

But the main limitation of the study is bound to its retrospec-
tive design for AI readings. Work-up of positive mammogram
readings was done for radiologist readings only. There was no
work-up of mammograms negative at radiologist reading but
positive at AI reading. So, if no interval cancer showed up after
a positive AI reading but negative radiologist reading, these AI
readings were considered as false-positive results. However,
work-up of mammograms positive at AI reading only could
have found in situ and small, localised cancers that would not
have progressed into clinical breast cancer, and thus not shown
up as interval cancer. Hence, the study cannot inform on the
amount of extra cancers that would be associated with AI read-
ing. Had the study adopted a prospective design with work-up
of all positive mammogram readings by radiologists or AI,
there would be more than 45 cancers in the radiologist
negative-AI positive category, the actual number of in situ can-
cers detected by AI would be greater than the 7 reported, and
the total of breast cancers would be greater than 402.

The study suggests that 45 interval cancers would have
been prevented thanks to AI. This is probably an overestima-
tion. The sensitivity of biopsy procedures is not 100% [2, 3].
Therefore, a fraction of biopsies done for positive mammo-
grams at AI reading only would have returned negative, in
which case less than 45 interval cancers would have been
averted thanks to AI and there would be more than 105
false-negative results for both readings.
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The 52% false-negative rate in the USA part of the study is
far greater than for the first reader in the UK, and greater than
false-negative rate benchmarks cited for digital screening
mammography in the USA [4]. Hence, the greater sensitivity
and specificity of AI readings than radiologist readings in the
USA could thus be due to a sub-optimal ability of radiologists
to detect cancers in mammograms.

In conclusion, the McKinney et al study is not a valid com-
parison between radiologist readings and AI readings of mam-
mograms. The few other large studies that compared radiologist
reading to AI reading had similar limitations [5]. Various sce-
narios for the incorporation of AI systems in breast screening
programmes are envisioned, from selection of mammograms to
be read by radiologists (workload reduction), second reading
purposes (minimisation of false negatives) and substitute of
radiologists (e.g., in areas where radiologists are rare) [1, 6].
However, prospective studies embedded within routine screen-
ing practice are needed for getting a more reliable picture of the
added value of AI systems, especially a better appraisal of the
overdiagnosis that could be generated byAI readings, as well as
a more accurate estimation of cancers detected when mammo-
grams are positive on AI reading only.
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Table 1 Breast cancers diagnosed following screening mammograms
read by the first radiologist or using an AI system in the UK centres
(McKinney et al 2020)

AI readings

Positive Negative Total

1st radiologist readings Positive 218 (54%) 34 (9%) 252

Negative 45 (11%) 105 (26%) 150

Total 263 139 402
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