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Artificial intelligence and magnetic resonance imaging may not make cancer screening better 

1. Introduction 

While there is great potential for imaging and artificial intelligence 
to improve cancer screening, two recent studies suggest pitfalls and 
challenges. First, researchers at Google applied artificial intelligence 
(AI) to mammographic images to improve breast cancer screening [1]. 
Next, Eklund et al. [2] recently show that magnetic resonance imaging 
(MRI) guided biopsy for prostate cancer screening may improve the 
diagnosis of clinically significant lesions over the current standard of 
blind biopsy. Both papers claim a novel approach to cancer screening is 
less likely to identify pre-malignant, indolent or low concern lesions, and 
more likely to identify high grade or high concern lesions. However, 
neither study employs a robust conceptual framework. Here, we provide 
a framework to think about cancer screening, and argue that histo-
pathological findings—the gold standard of both these studies—are 
inadequate substitutes for what screening seeks to find. 

2. Google AI paper 

In a recent study published by Google Health, researchers tested an 
AI system for breast cancer screening using a retrospective dataset 
containing mammograms from the United States (USA, Northwestern 
Memorial Hospital) and the United Kingdom (UK, multiple screening 
locations) [1]. In the clinical comparison evaluating mammograms from 
the USA and UK datasets, the researchers discovered that the AI system 
outperformed human readers in terms of absolute sensitivity and spec-
ificity. Specifically, the AI sensitivity decision was 65.4 % and 57.5 % 
whereas the clinical decision was 62.7 % and 48.1 % in the UK and USA 
datasets, respectively. Corresponding and in relation to absolute speci-
ficity, the AI decision was 94.1 % and 86.5 % while the clinical decision 
was 92.9 % and 80.8 %. In a head-to-head comparison against radiol-
ogists, AI identified additional cancers otherwise missed, and these 
cancers were more likely to be invasive rather than confined. At first 
glance, AI seems to outperform and improve areas such as efficiency, 
accuracy, detection, and workload [1]. 

3. MRI guided prostate cancer screening 

The randomized controlled trial (STHLM3-MRI, NCT03377881) 
demonstrated that MRI-targeted biopsy was non-inferior compared with 
standard biopsy for the detection of clinically significant (Gleason score 
≥7) prostate cancer in males aged 50–74 with prostate-specific antigen 
(PSA) levels ≥3 ng/mL [2]. Specifically, 21 % of men were diagnosed in 
the experimental arm compared to 18 % in the control arm, falling 
within the non-inferiority margin of 4 percentage points. Additionally, 
MRI-targeted biopsy was reported to detect fewer clinically insignificant 
cancers (4 % vs. 12 %, Gleason score ≤ 6) and benign findings [2]. 

Readers may conclude from the trial’s report that MRI guided biopsy 
preserves detection of concerning cancers, and minimizes detection of 
benign and insignificant lesions. 

4. The problem 

Cancer screening aims to find tumors earlier, when surgery is 
possible, and thereby prevent cancer deaths. However, screening is 
complicated by cancer’s diverse mutational profiles, meaning progres-
sion is difficult to predict. Because of this high degree of heterogeneity, a 
"barnyard" analogy was devised in an attempt to distill these concepts 
[3]. The comparison makes use of (1) turtles to represent indolent 
cancers that will not cause harm or death during an individual’s natural 
life span; (2) rabbits to symbolize malignancies that are destined to 
progress but have not yet metastasized and may be treated with surgery 
or radiation; (3) and birds to depict aggressive tumors that have already 
metastasized and will be lethal no matter when they are found (Fig. 1) 
[3]. The objective of screening is to find more rabbits, people who would 
likely benefit from screening, while limiting indolent and aggressive 
disease detection. Which brings us to both papers: did these screening 
techniques find more rabbits? 

5. The core challenges 

Both studies suffer from the inability to differentiate between rab-
bits, birds and turtles [4]. In other words, although these novel methods 
discover more significant lesions and fewer low-risk lesions based on 
histopathology; those histopathologic findings do not directly translate 
into the three cancer categories (birds, rabbits & turtles). This is shown 
in the Figure. There is often large overlap between traditional measures 
on biopsy, and these 3 groups. 

Put differently, even if novel screening methods outperform human 
readers, they may be counterproductive to the goal of screening if they 
find more slowly proliferating oddities and malignancies destined for 
rapid progression, and fewer cancers treatable with early detection. The 
use of invasion or Gleason is no guarantee you are finding what we seek 
(rabbits); Because at each Gleason level, or among invasive ductal 
cancer, you have all three categories. 

Second, pathologic staging is done for prognostic reasons for various 
cancer types, however, the grading systems may not always accurately 
reflect cancer’s propensity to grow aggressively or not. In breast cancer, 
diagnosis of ductal carcinoma in situ (DCIS) is an example of this issue 
[3]. Since no one can predict whether DCIS will progress or not, 
potentially leading to overtreatment and unnecessary psychological 
stress. 

Third, in prostate cancer, a Gleason score from an MRI-targeted bi-
opsy and a Gleason score from a standard biopsy may have different 
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prognostic implications. For example, a Gleason grade group 3 (Gleason 
score of 4+3 [7]) has the same score as a Gleason grade group 2 
(Gleason score of 3+4 [7]) in different proportions, yet has a three-fold 
increase in prostate cancer mortality when obtained from a standard 
biopsy [5]. However, when MRI-targeted biopsies are considered, the 
same tumor may result in a Gleason score of 4+3 in an MRI-guided 
biopsy and a Gleason score of 3+4 in a conventional biopsy due to 
better targeting of high-grade lesions using direct visualization scores, 
such as the Prostate Imaging Reporting and Data System (PI-RADS) [2]. 
Simply put, the Gleason grade may be artificially increased for in-
dividuals who would otherwise receive a lower grade in a random 
sample, subjecting them to unnecessary treatment. This would imply 
that the Gleason grade group from an MRI sample is not representative 
because: (1) Pathologic guidelines recommend that the highest grade 
core from among the many cores obtained through an MRI-targeted 
biopsy be utilized; (2) When a biopsy is obtained in a novel manner, it 
is necessary to re-establish the relationship’s strength; failure to do so 
implies that cancers of the same grade harbor the same risk, regardless of 
the biopsy method [6]. Therefore, prognostic associations and man-
agement recommendations cannot be reliably extrapolated to the 
MRI-targeted biopsy because the former relationships were derived 
based on standard biopsy data. 

Fourth, although the Gleason score is a surrogate marker for effective 
cancer screening, certain high-grade tumors may already have unde-
tectable distant metastases, in which case early detection has limited 
benefit. Also, research on screening tests indicate that individuals with 
negative MRIs may nevertheless have clinically significant prostate 
cancer [7]. In the NEJM trial, patients with negative MRIs did not get a 
biopsy [2]. This will certainly reduce benign lesion biopsies, but with 
the marginal benefits of traditional prostate cancer screening, missing 
just a few "rabbits" may tilt the risk-benefit balance in the wrong way. 
Furthermore, standard biopsies detected additional clinically significant 
prostate cancer that MRI-guided biopsies missed, and by removing the 
supplement standard biopsy included in the MRI-targeted biopsy pro-
cedure, the intervention no longer satisfies the non-inferiority margin (i. 
e., fewer clinically significant cancers are identified) [2]. This implies 
that if MRI imaging were so transformational, no further biopsy would 
be needed to preserve non-inferiority for clinically significant cancers. 

6. What can be done? 

Because there is no definitive feature on biopsy that can differentiate 
rabbits from turtles from birds, research on enhanced screening methods 
must directly measure survival and quality of life measures. In the 
Google AI study, the ratio with which the barnyard tumors are detected 
determines whether or not women benefit from the modality [1]. In the 
MRI-targeted therapy study, only long-term studies showing that MRI 
guided biopsy does not result in worse prostate cancer outcomes and 
does so with fewer biopsy and downstream procedures can validate the 
technique. 

Due to these constraints, we suggest that the next MRI-targeted 
research protocol include three arms: (1) No screening; (2) Annual 

PSA screening+ standard biopsy; (3) and Annual PSA screening+MRI- 
targeted biopsies. We do not yet know if prostate cancer screening im-
proves overall survival or quality of life, justifying a no-screening con-
trol arm. For breast cancer, a randomized trial in accordance with 
current breast cancer screening standards, as well as the inclusion of 
three arms, are suggested for the AI system: (1) Conventional 
mammography; (2) Mammography using just AI; (3) Mammography 
with AI assistance. These trials should have adequate power to detect the 
proposed primary endpoint, cancer mortality, as well as important 
secondary endpoints, such as all-cause mortality and quality of life. We 
are still unaware of any physical feature that distinguishes the cancers 
we want to discover from those we don’t want to find, and in the lack of 
empiricism, we must rely on randomized data. Whether or not these 
novel methods lead to clinical benefit in patients is a hypothesis that 
remains uninterrogated, and to best serve our patients, we must 
demonstrate our commitment by pursuing these answers. 
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Fig. 1. a Non-cancerous lesion. b Indolent cancers that will not cause harm or death during an individual’s natural life span [Turtle]. c Malignancies that are destined 
to progress but have not yet metastasized [Rabbit]. d Aggressive tumors that have already metastasized and may be lethal [Bird]. 
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