Deep learning to assess long-term mortality from chest radiographs (x-rays)
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Objective

Figure 2: Kaplan-Meier survival by CXR-Risk score

• Primary outcome: mortality over 12 (PLCO)
and 6 (NLST) years.
• Secondary: cause-specific mortality
• Ordinal CXR-Risk score (very low, low,
moderate, high, very high) based on
probability centile in development dataset.
• Survival analysis: KM curves and hazard
ratios
• Adjustment for radiologists’ findings (lung
nodule) and risk factors (age, sex, smoking)
• Test-retest reliability in 573 with repeat CXR

The chest radiograph (x-ray or CXR) is the most common
diagnostic imaging test in medicine; it may also provide a window
into longevity and prognosis. We developed and tested a
convolutional neural network (CNN) to predict long-term (12-year)
mortality, including non-cancer death, from chest radiographs.

Datasets
1. Development (CNN training + tuning) in the Prostate, Lung,
Colorectal, and Ovarian screening trial (PLCO, n=41,856)
• chest radiograph screening arm
• asymptomatic nonsmokers and smokers aged 55-74
• 10 US sites from 1993-2001.
2. Testing in held out PLCO dataset (n=10,464)
3. External testing in the National Lung Screening Trial (NLST,
n=5,493)
• chest radiograph screening arm
• asymptomatic heavy smokers (≥30 pack-year) aged 55-74
• 21 US sites from 2002-2004.

Table: Mortality by CXR-Risk score

Results

Figure 3: Gradient-weighted Class Activation
Maps (Grad-CAM) localize anatomy contributing
to CXR-Risk
Figure 4: Cause-specific mortality by CXR-Risk
Figure 1: PLCO development,
PLCO test, and NLST test datasets

CXR-Risk CNN
•
•
•
•
•
•

Input is chest radiograph image
Output is probability of 12-year mortality
Inception v4 w/ transfer learning from ImageNet
Geometric and mixup data augmentation
Progressive resizing to 224 pixels
One cycle w/ ADAM. Fastai & PyTorch

Statistical Analysis

• Very high risk had 53.0% (PLCO) and 33.9%
(NLST) mortality, 18- and 15- fold higher than
the very low risk (unadjusted hazard ratios
PLCO: 18.3 (14.5-23.2); NLST: 15.2 (9.225.3), both p<0.001 (Fig 2).
• CXR-Risk robust to adjustment for
radiologists’ findings and risk factors
(adjusted hazard ratios PLCO: 4.8 (95% CI
3.6-6.4); NLST: 7.0 (4.0-12.1), p<0.001
Table).
• Excellent test-retest reliability with ICC 0.89.
• Class activation maps highlight relevant
anatomy: heart, sternal wires, breast and
waist (Fig 3).
• Comparable results across age/sex strata,
for lung cancer death and for non-cancer
cardiovascular and respiratory death (Fig 4).

Conclusion
Based on a single chest radiograph, the CXRRisk CNN stratified the risk of long-term
mortality. High risk individuals may benefit from
prevention, screening and lifestyle interventions.
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