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Back g round
● Com puter-aided detect ion  (CAD) products use AI t o read CXR im ages and 

detect  TB-associated  abnorm alit ies and have been recom m ended by the 
W orld  Health  Organ izat ion  (W HO) for in terpret ing  chest  X-ray to t riage and 
screen for TB in  t hose aged 15 years and older, as an  alt ernat ive to hum an 
readers

● How ever, t h is recom m endat ion  does not  st ipu late specific p roducts, and 
notes m ore research  is needed on perform ance in  sub-popu lat ions.  

● As the CAD m arket  rap id ly expands, m any new  products and softw are 
updates aw ait  independent  scru t iny. 
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St udy ob ject ives
Using  data from  a recent  TB prevalence study in  South  Africa, one of t he h igh  TB 
burden count ries, t h is study aim ed to: 

● Eva lu a t e  t h e  p e rfo rm a n ce  o f 11 co m m e rc ia lly a va ila b le  CAD p ro d u c t s  in  
d e t e c t in g  TB

● An a lyse  CAD p e rfo rm a n ce  in  ke y su b -p o p u la t io n s  u sin g  d a t a  fro m  t h e  n a t io n a l 
TB p re va le n ce  su rve y in  So u t h  Africa , a  h ig h  TB/HIV-b u rd e n  co u n t ry.

● Id e n t ify t h e  b e st  t h re sh o ld s  fo r e a ch  p ro d u c t , d e p e n d in g  o n  p ro g ra m m a t ic  a im s 
in c lu d in g  t a rg e t  se n sit ivit ie s  o f 90 % a n d  8 0 %, sp e c ific it y o f 70 %, a n d  a  10 % CXR 
a b n o rm a lit y ra t e  w it h in  su b -p o p u la t io n s . 
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Met hods
● Th is w as a case-con t rol evaluat ion  used  d ig it al CXR im ages and  m etadata from  ind ividuals 

15 years and  older w ho part icipated  in  t he South  African  nat ional TB p revalence survey 
betw een 15 August  2017 and  28 Ju ly 2019.

● Only those w ith  m icrob iolog ical t est  resu lt s w ere elig ib le, w ith  516 bacteriolog ically 
negat ive and  258 bacteriolog ically posit ive.

● W e used  Xpert  and  cu lt ure resu lt s t o form  a com posite m icrob iology reference standard  
(MRS); cases w ere peop le considered  bacteriolog ically posit ive (Bac+) if t hey tested  posit ive 
for TB on  eit her or both  test s. 

● The chest  X-ray im ages of t he part icipan ts w ere stored  on  the Stop  TB Partnersh ip ’s server 
using  Secure File Transfer Protocol (SFTP). 

● Products w ere installed  on  the server t o analyze the X-rays w ithout  any data t ransfer t o 
developers. CAD read ings w ere agg regated  and  exported . 
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Met hods - analysis 

● To com pare overall perform ance of p roducts, w e p lot t ed  the Receiver Operat ing  
Characterist ic (ROC) curve for each  p roduct  and  com pared  the AUCs. 

● To evaluate the p roducts as TB screen ing  and  t riage test s, w e analyzed  the perform ance of 
each  p roduct  against  t he target  90% sensit ivit y and  70% specificit y values st ipu lated  in  t he 
W HO’s TPP.

● To p rovide insigh ts on  th reshold  select ion , w e m odelled  the p rog ram m at ic effect  of 
t h reshold  select ion   and  app lied  the sensit ivit y and  specificit y calcu lated  in  t he case-
con t rol evaluat ion  at  all t h resholds to calcu late t he X-ray abnorm alit y rate, and  
con firm at ion  test  posit ivit y rate. 

● Then w e defined  crit eria based  on  com m on prog ram m at ic t argets, includ ing  target  
sensit ivit y, t arget  specificit y, and  target  t est  referral rate t o evaluate how  th is affected  
th reshold  select ion .
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Resu lt s - overall com parison   
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The ROC curves of 11 commercially available CAD products against the composite MRS overall (n=775)

Presenter
Presentation Notes
Against the composite MRS, the overall performance in terms of AUC for each product is shown, with the ROC graphs illustrated. Lunit (0.902 [95% CI 0.879-0.926]) performed significantly better than all products with the p-value always less than 0.05. QXR (0.878 [95% CI: 0.853-0.904]) performed statistically similarly to JF CXR-2 (0.865 [95% CI: 0.839-0.892]) and InferRead (0.854 [95% CI: 0.824-0.884]) with both p-values greater than 0.05, and better than all other products. JF CXR-2 performed statistically similarly to all products except TiSepX-TB (0.821 [95% CI 0.787-0.854]), to which it performed better with a p-value less than 0.05. XrayAME (0.762 [95% CI: 0.725-0.799]) and RADIFY (0.629 [95% CI: 0.588-0.670]) performed significantly worse than all products except JF CXR-2 to which it performed similarly (p-values >0.05).



Resu lt s - TPP t arg et s 
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AI Sensitivity Specificity
Lunit

90%

73.3% (69.2-77.0%)
ChestEye, qXR, InferRead, JF CXR-2 60-70%
XVision, Genki, CAD4TB 50-60%
TiSepX TB 40-50%
XrayAME, RADIFY 30-40%
AI Sensitivity Specificity
Lunit 91.4% (85.5-95.5%)

70%
CAD4TB, Genki, ChestEye, qXR, JF CXR-2, XVision, InferRead 80-90%

XrayAME, TiSepX TB 70-80%
RADIFY 45.7% (39.5-52%)

Presenter
Presentation Notes
When setting sensitivity at 90%, only Lunit met the 70% specificity TPP target (Table 2) and performed significantly better than all products. After Lunit, several products performed similarly with overlapping confidence intervals. These were in descending order, ChestEye (63.0% [95% CI:58.7-67.2%]), qXR (62.6% [95% CI: 58.3-66.8%]), InferRead (62.4% [95% CI: 58.1-66.6%]), JF CXR-2 (62.0% [95% CI: 57.7-66.2%]), Xvision (58.3% [95% CI: 53.9-62.6%]), Genki (58.1% [95% CI: 53.7-62.4%]), CAD4TB (57.8% [95% CI: 53.4-62.1]). XrayAME (36.6% [95% CI: 32.5-40.9%]), and RADIFY (34.4% [95% CI: 30.3-38.7%]) performed poorest.Similarly, when specificity was 70%, Lunit met the 90% sensitivity target (91.4% [95% CI: 85.5-95.5%]) and performed significantly better than all products except InferRead, which performed statistically similarly (87.9% [95% CI: 81.3-92.8%]). Xvision, JF CXR-2, and qXR were not far behind, with sensitivities of 85.7% (80.8-89.7%), 85.7% (78.8-91.1%), and 85.0% (78.0-90.5%) respectively. XrayAME performed significantly worse with sensitivity of 74.3% (66.2-81.3%), while RADIFY only reached 45.7% (39.5-52%) sensitivity. 



Resu lt s - t h reshold  select ion
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Thresholds to match 10% test referral rate, i.e., X-ray abnormal rate (sorted by sensitivity)  = best and worst performers

Product Threshold Sensitivity Specificity

Lunit 0.7 82.1% (74.8-88.1%) 83.7% (80.2-86.8%)

JF CXR-2 0.8 80.7% (73.2-86.9%) 75.8% (71.8-79.4%)

Xvision 0.58 42.6% (36.5-48.9%) 90.7% (87.9-93.1%)

RADIFY 0.8 30.2% (24.7-36.2%) 86.1% (82.8-88.9%)

Presenter
Presentation Notes
Using our modelled data, the results of programmatic threshold selection highlight the marked difference in required thresholds within the same programmatic criterion between productsIn the modelled scenario, we assumed capacity only exists for confirmation tests for 10% of presumptive individuals. The associated thresholds ranged from 0.4 to 0.8, and performance varied. Lunit, JF CXR-2, and qXR performed best in terms of sensitivity at 82.1% (74.8-88.1%), 80.7% (73.2-86.9%), and 76.4% (68.5-83.2%) respectively, and specificities ranging from 75% to 83%. The worst performing software in terms of sensitivity were XrayAME, Xvision, and RADIFY at 47.9% (39.3-56.5%), 42.6% (36.5-48.9%), and 30.2% (24.7-36.2%) respectively, where most TB cases would be missed; however, these products all reached specificities over 86%.



Resu lt s -subg roup  analysis

Sensitivity Specificity

New cases History of TB New cases* History of TB*

84.8% (76.2-91.3%) 85.4% (70.8-94.4%) 84.9% (80.9-88.3%) 27.3% (19.9-35.7%)

HIV- HIV+ HIV- * HIV+ *

89.5% (81.1-95.1%) 80.6% (62.5-92.5%) 74.6% (69.6-79.1%) 54.7% (43.5-65.4%)

Symptomatic Asymptomatic Symptomatic* Asymptomatic*

80.0% (68.2-88.9%) 89.3% (80.1-95.3%) 82.3% (77.4-86.6%) 55.4% (48.7-61.9%)

Sensitivity and Specificity for qXR in each subgroup at a threshold of 0.5

Sensitivity Specificity
Young 

(15 to <35 years)
Middle age 
(35 to <55)

Older 
(55 years +)

Young 
(15 to <35 years)

Middle age 
(35 to <55)

Older 
(55 years +)

92.0%
(80.8-97.8%)

88.7%
(77-95.7%)

70.3%
(53-84.1%)

78.3%
(70.7-84.8%)

60.5%
(52.5-68.1%)

72.0%
(65.5-78%)

Presenter
Presentation Notes
We assessed each product at the mid-point threshold,which is recommended by some manufacturers, across different sub-groups. Using qXR as an example: At 0.5 threshold, qXR sensitivity was almost identical among cases who had previous TB and those without. However, qXR was less specific in those with previous TB (27.3% [95% CI: 19.9-35.7%]) compared to new cases (84.9% [95% CI: 80.9-88.3%]) (Table 4). There was no significant difference in qXR sensitivity in PLHIV (89.5% [95% CI: 81.1-95.1%]) than in those without HIV (80.6% [95% CI: 62.5-92.5%]) but the specificity in those without HIV (74.6% [95% CI: 69.6-79.1%]) was 	 significantly higher than PLHIV (54.7% [95% CI: 43.5-65.4%]). Similarly, while there were no significant differences in symptomatic and asymptomatic individuals in terms of sensitivity, specificity was significantly higher in people with symptoms. Sensitivity was much higher in younger and middle-aged groups: 92.0% (95% CI: 80.8-97.8%) and 88.7% (95% CI: 77-95.7%) respectively, but much lower in those above 55 years (70.3% [95% CI: 53-84.1%]), resulting in more missed TB cases in this subgroup.



Resu lt s -subg roup  analysis
qXR specificit y and  th reshold  at  90% and  80% sensit ivit y and  d isagg regated  by subg roups. 
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Sensitivity New Case With TB History HIV- HIV+ Young Middle Age Older

15<35 years 35<55 years 55 years +

90% Threshold 0.30 0.35 0.41 0.3 0.58 0.52 0.18

Specificity
75.3% 

(70.6-79.5%)

25.0% 

(17.9-33.3%)

72.5%

(67.4-77.2%)

50.0% 

(39-61%)
78.3% 

(70.7-84.8%)

61.7% 

(53.8-69.2%)

49.8% 

(42.8- 56.7%)

80% Threshold 0.59 0.73 0.81 0.52 0.85 0.84 0.30

Specificity
86.7% 

(82.9-89.9%)

46.2% 

(37.5-55.1%)

83.1% 

(78.7-87%)

58.1% 

(47-68.7%)
87.4% 

(80.8-92.4%)

77.2% 

(69.9-83.4%)

58.3% 

(51.3-65%)

Presenter
Presentation Notes
Although performance differs between sub-populations, adjusting the threshold enables programmatic targets to be met. Using qXR as an example, a threshold of 0.3 would achieve 90% sensitivity in new cases, while a 0.35 threshold is needed to achieve the same sensitivity in people with TB history. However, the specificity of qXR in those with TB history (25.0% [95% CI 17.9-33.3%]) is significantly poorer than of those without TB history (75.3% [95% CI: 70.6-79.5%]). A lower threshold (0.3) would be needed in PLHIV than in those without HIV (0.41) to achieve 90% sensitivity using qXR, while the specificity at this sensitivity is lower in PLHIV (50.0% [95% CI: 39-61%]), compared with people without HIV (72.5% [95%CI: 67.4-77.2%]). Annex 11 shows specificity and threshold at 90% and 80% sensitivity, disaggregated by subgroups for all products. Annex 12 shows how sensitivity and specificity vary for each product in each subgroup, across thresholds. 



Conclusion
● Many CAD products perform ed at  a sim ilarly h igh  level overall in  a h igh  HIV/TB-

burden popu lat ion , bu t  t here are im portan t  d ifferences in  algorit hm s. 
● No sign ifican t  d ifference w as noted  in  PLHIV com pared to HIV-naive popu lat ions 

in  p roducts’ AUC, thus fu rther evaluat ions in  th is and other popu lat ions are 
necessary. 

● Several con text -specific factors shou ld  be considered w hen decid ing  on  w h ich  
product  and th reshold  to use, includ ing  popu lat ion  screened, d iagnost ic test  
availab ilit y and co-m orb id it ies. 

● A CAD evaluat ion  p lat form  is u rgent ly needed to aid  in  th reshold  select ion  
at tuned to specific con texts.
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