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1 LIST OF ABBREVIATIONS 

 

 

  

  
AFB Acid-fast bacilli  
BMI Body mass index 
cDNA Complementary DNA 
CI Confidence interval  
CIR 
COR 

Cumulative incidence ratio 
Correlate of risk 

CRA Clinical research associate 
CRF Case report form  
eCRF Electronic CRFs 
GCP Good clinical practice 
H0 Null hypothesis 
HIV Human immunodeficiency virus 
IEC Independent ethics committee  
IGRA Interferon gamma release assay 
INH Isoniazid 
IPT Isoniazid preventive therapy 
LAM Lipoarabinomannan 
LTBI Latent tuberculosis infection 
MDR-TB Multi-drug resistant tuberculosis  
MGIT Mycobacteria growth indicator tube 
mRNA Messenger RNA 
Mtb Mycobacterium tuberculosis 
OR 
NNS 
NPV 
PI 

Odds ratio 
Number needed to screen (to detect one case) 
Negative predictive value 
Principal investigator  

PPV 
QFT 

Positive predictive value 
QuantiFERON 

RR Relative risk 
RRCOR(15) Relative risk for TB disease over 15 months 
SA South Africa 
SATVI South African Tuberculosis Vaccine Initiative 
TB Tuberculosis  
TCD Triclinium Clinical Development 
TST Tuberculin skin test  
WHO World Health Organization 
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2 STATISTICAL ANALYSIS PLAN OVERVIEW 

This statistical analysis plan (SAP) is for a sub-study of the CORTIS-01 and CORTIS-HR 
trails and is to be read in conjunction with the approved CORTIS-01 study protocol version 
2.0 (01 August 2017) and SAP version 3.0 (24 October 2019), and CORTIS-HR study 
protocol version 1.0 (26th August 2016) and SAP version 1.0 (11 December 2019). 

There is a need for earlier TB case identification, using novel non-sputum based 
diagnostics, linked to more effective preventive and curative strategies (World Health 
Organization, 2015). A blood-based triage test that allows targeted investigation for active 
and sub-clinical TB disease, including asymptomatic individuals at highest risk of 
progression from latency to disease, could shorten the time to TB treatment, or even 
prevent disease before symptoms emerge. The tuberculin skin test (TST) and interferon 
gamma release assay (IGRA) have poor specificity for incident TB disease in endemic 
populations, including HIV infected people (Auguste, BMC Infect Dis, 2017). 

We have previously developed a highly specific predictive correlate of risk (COR) to 
identify healthy, HIV uninfected, South African adults at high risk of active TB disease 
(Zak, Lancet, 2016). This validated COR, based on mRNA expression signatures in 
blood, prospectively discriminates between TB cases and healthy controls among HIV 
uninfected persons. Based on published microarray case-control datasets, the COR has 
87% diagnostic sensitivity and 97% specificity for prevalent TB disease in HIV uninfected 
South African adults (Zak, Lancet, 2016); and in two nested case-control studies, also 
among HIV uninfected persons, the COR has 70% predictive sensitivity and 84% 
specificity for incident TB disease occurring within one year of sampling (Penn-Nicholson, 
S Afr Med J, 2016). This PCR-based mRNA COR signature has been refined to 11-genes 
(RISK11) with equivalent diagnostic performance (Darboe, Tuberculosis, 2018). 

Although relatively parsimonious, this signature is not ideal for a point-of-care (POC) 
device because of its size. Several concise mRNA signatures have recently been 
developed which are translatable into a POC test device (Gupta, bioRxiv, 2019; 
Warsinske, PLoS Med, 2019). A POC device could be employed for test-and-treat 
strategies in the community and clinic, both to detect early (and asymptomatic) TB 
disease for curative treatment and to identify M.tb infected individuals at high risk of 
progression to active disease for targeted short-course preventive therapy. 

The aim of this sub-study is to evaluate and compare the performance of parsimonious 
host-blood TB transcriptomic signatures to identify prevalent TB disease and predict 
incident TB disease in HIV-infected and HIV-uninfected adults. 
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2.1 AIMS 

2.1.1 PRIMARY AIMS 

2.1.1.1 Primary Aim 1: Estimate whether parsimonious host-blood TB transcriptomic 
signatures differentiate HIV-infected (CORTIS-HR) and HIV-uninfected 
(CORTIS-01) persons with prevalent TB disease from those without prevalent TB 
disease. 

2.1.1.2 Primary Aim 2: Estimate whether parsimonious host-blood TB transcriptomic 
signatures differentiate HIV-infected (CORTIS-HR) and HIV-uninfected 
(CORTIS-01) persons at high risk for incident TB disease from those at low risk 
for incident TB disease. 

2.1.2 SECONDARY AIMS 

2.1.2.1 Secondary Aim 1: Compare parsimonious host-blood TB transcriptomic 
signatures diagnostic performance in HIV-infected (CORTIS-HR) and HIV-
uninfected (CORTIS-01) persons. 

2.1.2.2 Secondary Aim 2: Compare parsimonious host-blood TB transcriptomic 
signatures predictive performance in HIV-infected (CORTIS-HR) and HIV-
uninfected (CORTIS-01) persons. 

2.1.2.3 Secondary Aim 3: Compare parsimonious host-blood TB transcriptomic 
signatures diagnostic performance, stratified by symptoms, in HIV-infected 
(CORTIS-HR) and HIV-uninfected (CORTIS-01) persons. 

2.2 STUDY ENDPOINTS 

2.2.1 TWO-SAMPLE ENDPOINT DEFINITION 

TB disease confirmed by positive Xpert MTB/RIF and/or MGIT culture on two or more 
separate sputum samples, or samples from another site if extrapulmonary disease. All 
aims will be evaluated using this endpoint definition. 

2.2.1 ONE AND TWO-SAMPLE ENDPOINT DEFINITION 

TB disease confirmed by positive Xpert MTB/RIF and/or MGIT culture on at least one 
sputum sample, or sample from another site if extrapulmonary disease. As exploratory 
analyses, all aims may also evaluated using this endpoint definition. 
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2.3 TB DISEASE ENDPOINT ADJUDICATION ALGORITHM AND CENSORING 
See CORTIS-01 and CORTIS-HR protocols and SAPs.  

2.4 STUDY DESIGN 
See CORTIS-01 and CORTIS-HR protocols and SAPs. 

2.5 MEASUREMENT OF PARSIMONIOUS HOST-BLOOD TB TRANSCRIPTOMIC 
SIGNATURE SCORES 

As part of the CORTIS-01 and CORTIS-HR studies, whole blood RNA was collected in 
PAXgene tubes at screening and shipped frozen to the SATVI Cape Town laboratory 
where RNA was extracted in a high-throughput, standardized, and reproducible fully 
automated procedure using a TECAN EVO Freedom robotic platform. Following cDNA-
synthesis and pre-amplification steps, the parsimonious host-blood TB transcriptomic 
signatures listed below were run using the BioMark HD Fluidigm multiplex qRT-PCR 
machine and analysed using locked-down R quality control and analysis scripts: 
 

Signature Model* Genes TaqMan Assay 

Herberg2 / VIRAL2 
(JAMA, 2016) 

FAM89A – IFI44L  FAM89A 
IFI44L 

Custom_ARZTE3U 
Hs00915292_m1 

Maertzdorf4 / DIAG4 
(EMBO Mol Med, 2016)  

See Suliman (Am J Respir 
Crit Care Med, 2018) 

GBP1 
IFITM3 
P2RY14 
ID3 

Hs00977005_m1 
Hs03057129_s1 
Hs01848195_s1 
Hs00954037_g1 

Penn-Nicholson6 / RISK6 
(medRxiv, 2019) 

See Penn-Nicholson 
(medRxiv, 2019) 

GBP2 
FCGR1B 
SERPING1 
TUBGCP6 
TRMT2A 
SDR39U1 

Hs00894846_g1 
Hs02341825_m1 
Hs00934329_m1 
Hs00363509_g1 
Hs01000041_g1 
Hs01016970_g1 

Roe1 / DIAG1 
(JCI Insight, 2016) 

BATF2 – [(TMBIM6 + CDC42 
+ USF2 + ACTR3)/4] 

BATF2 
Reference probes: 
TMBIM6 
CDC42 
USF2 
ACTR3 

Hs00912736_m1 
 
Hs00162661_m1 
Hs03044122_g1 
Hs01100994_g1 
Hs01029159_g1 

Roe3 / RISK3 
(Clin Infect Dis, 2019) 

[(SCARF1 + GBP5 + 
BATF2) / 3] – [(TMBIM6 + 
CDC42 + USF2 + ACTR3)/4] 
 

SCARF1 
GBP5 
BATF2 
Reference probes: 

Hs01092483_m1 
Hs00369472_m1 
Hs00912736_m1 
As for Roe1 

Suliman4 / RISK4 
(Am J Respir Crit Care Med, 
2018) 

See Suliman (Am J Respir 
Crit Care Med, 2018) 

GAS6 
SEPT4 
CD1C 
BLK 

Hs01090305_m1 
Hs00910208_g1 
Hs00957534_g1 
Hs01017452_m1 
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Sweeney3  / DIAG3 
(Lancet Respir Med, 2016) 

[(GBP5 + DUSP3)/2] − KLF2 
See Warsinske (JAMA Netw 
Open, 2018) 

GBP5 
DUSP3 
KLF2 

Hs00369472_m1 
Hs01115776_m1 
Hs00360439_g1 

Thompson5 / RESPONSE5 
(Tuberculosis (Edinb), 2017) 

See Suliman (Am J Respir 
Crit Care Med, 2018) 

UCP2 
MAP7D3 
STT3A 
SMARCD3 
RP11-295G20.2 

Hs01075224_g1 
Hs00226257_m1 
Hs00967491_m1 
Hs01088251_g1 
Hs01373568_m1 

* Raw Ct values from Fluidigm Biomark qRT-PCR will be used.  
 

The COR (RISK11) signature was run independently during the CORTIS-01 and HR 
studies on samples from all participants (including non-enrolled CORTIS-01 participants). 
The Roe1 and Roe3 signatures scores are calculated from the same Fluidigm 96.96 
integrated fluidic chip (IFC) qRT-PCR runs as the RISK11 signature. The other six 
signatures (Herberg2, Maertzdorf4, Penn- Nicholson6, Suliman4, Sweeney3, and 
Thompson5) were run side-by-side on Fluidigm 192.24 IFCs, from cDNA synthesised 
from stored RNA aliquots of RNA extracted from all enrolled participants of CORTIS-01 
and HR.  For this sub-study, the performance of these eight parsimonious host-blood TB 
transcriptomic signatures will be compared. 

2.6 PROJECTED ENROLMENT, CASE ACCRUAL AND POWER 
As per CORTIS-01 and CORTIS-HR protocols and SAPs.  

2.7 ANALYSIS POPULATIONS AND WEIGHTING 

The intention to treat (ITT) and modified intention to treat population (mITT) are as defined 
in the CORTIS-01 and CORTIS-HR SAPs. The ITT cohort will be used for addressing 
primary aim 1 and secondary aim 1 (diagnostic performance in differentiating prevalent 
cases from combined TB negative controls and incident TB cases). The mITT cohort, 
which excludes prevalent TB cases, will be used for assessing signature predictive 
performance for risk of progression to TB disease (primary aim 2 and secondary aim 2). 

2.7.1 CORTIS-01 
Group B (COR+ observation arm) and Group C (COR- observation arm) will be included 
in analysis of both diagnostic and predictive performance aims, Group A (treatment 
efficacy arm) will be excluded from the predictive analysis, but will be included in 
estimating diagnostic performance at baseline (visit 2). Since the study is artificially 
enriched for COR+ (RISK11+) participants by design, participant-specific weights in the 
analysis are required to recover estimates that are applicable to the screened population, 
as opposed to the enrolled cohort. The COR- participants (Group C) will be up-weighted 
according to the empirical inverse probability of enrolling COR- participants that were 
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screened (i.e. inverse probability weighting, IPW). Weighting will be applied as per the 
CORTIS-01 SAP. The 95% confidence interval will be provided for each performance 
metric using a non-parametric bootstrap, with sampling stratified by COR status, since 
the number of COR+ and COR- enrolled is fixed by the study design. 

2.7.1 CORTIS-HR 
All enrolled participants will be included in analysis. There was no treatment efficacy arm 
in CORTIS-HR. No weighting is required, as the cohort is not enriched for COR+ 
participants.  

 

3 STATISTICAL CONSIDERATIONS 

3.1 GENERAL PRINCIPLES  
See CORTIS-01 and CORTIS-HR SAPs. 

3.2 MISSING DATA 
See CORTIS-01 and CORTIS-HR SAPs. 

3.3 RESPONSIBILITY 
Management of the clinical and laboratory data as outlined in the protocol will be the 
responsibility of designated laboratory technologists and doctoral scientist under 
supervision of Deputy Director of Immunology, SATVI and the study PI and Director SATVI. 

3.4 BLINDING 
Participants, investigators, the data analysis team, and all members of the clinical trial 
team responsible for performing TB symptom and sputum screening for the purpose of 
endpoint determination, as well as the medical monitor, Sponsor, and data management 
personnel, will remain blind to participant parsimonious host-blood TB transcriptomic 
signature results until this SAP has been approved and signed by study sponsor. 
However, access to clinical and demographic data (include TB disease status) will be 
available to allow data cleaning and preparation of analysis script prior to database lock. 

3.5 DATA STORAGE  
All files containing the final data will be password-protected and backed-up to the SATVI 
server. Data will be saved as a .csv file and compiled into one master database using R. 
All analysis scripts and outputs will also be backed up onto the SATVI server upon 
completion of the study report. 
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4 STATISTICAL METHODS 

4.1 SIGNATURE PERFORMANCE ANALYSIS 
The performance of the signatures measured at screening will be evaluated on their ability 
to diagnose prevalent TB disease at baseline/enrolment and predict incident TB disease 
over 15-month follow up. In the CORTIS-01 and CORTIS-HR study, a pre-specified COR 
(RISK11) score threshold of 60% was used to differentiate correlate positive (COR+) from 
correlate negative (COR-) individuals. There are no pre-defined thresholds for the 
parsimonious host-blood TB transcriptomic signatures, thus we plan to perform receiver 
operating characteristic curve (ROC) analysis to select the best diagnostic and predictive 
signature score thresholds. Indeterminate signature score results will be excluded from 
primary analysis. The proportion of samples with successful signature results (i.e. those 
without PCR failures or indeterminate scores) will be reported. For all analyses, HIV-
infected (CORTIS-HR) and HIV-uninfected (CORTIS-01) participants will be considered 
independently.  

Score distributions for each signature in prevalent and incident TB cases, and incident-
free controls will be visually represented using violin/box/scatter plots (Figure 6.1). 
Signature score distribution will be described using median and interquartile range. For 
CORTIS-01, we will present both weighted (section 2.7.1, above) and unweighted plots. 
For CORTIS-HR, plots will not be weighted (section 2.7.2, above). 

Correlations between all signature scores (Spearman rho), as well as demographic and 
clinical data will be reported in a correlation matrix (Figure 6.2). CORTIS-01 correlations 
will be weighted as described in section 2.7.1 (above). For CORTIS-HR, correlations will 
not be weighted. 

4.2 PRIMARY AIM 1: SIGNATURE DIAGNOSTIC PERFORMANCE 
Binary diagnostic ROC analysis will be performed separately for each signature using 
both CORTIS-01 and CORTIS-HR ITT cohorts (independently). These analyses will 
include evaluation of the area under the curve (AUC), sensitivity, specificity, positive 
predictive value (PPV), negative predictive value (NPV) and number needed to screen 
(NNS) to detect one case of TB at enrolment in HIV-infected and HIV-uninfected adults. 
Signature diagnostic accuracy versus the WHO target product profile (TPP) for a 
community-based triage or referral test to identify people suspected of having TB (World 
Health Organization, 2014) will be considered: For each signature, test accuracy with 
specificity benchmarked at 70% or sensitivity at 90% (minimum WHO triage test TPP 
criteria), and specificity at 80% or sensitivity 95% (optimum WHO triage test TPP criteria) 
will be reported.  

Results will be reported in Table 5.1 and graphically with ROC curves (Figure 6.3) and 
sensitivity/specificity versus signature score threshold plots (Figure 6.4). 
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4.3 PRIMARY AIM 2: SIGNATURE PREDICTIVE PERFORMANCE 
We will evaluate the changes in biomarker performance over time, including AUC, 
sensitivity, specificity, PPV and NPV (Table 5.2). We will specifically consider the 
following time intervals to incident TB diagnosis: 0 to 3 months, 0 to 6 months, 0 to 9 
months, 0 to 12 months, and 0 to 15 months windows. We will also look at 6 month sliding 
windows to provide better insight into performance at different times (e.g. 0 to 6 months, 
1 to 7 months, 2 to 8 months… 9 to 15 month windows). 

Plots of each of these measures as a function of follow-up time will aid interpretation of 
the primary results at month 15 (Figure 6.5). Signature accuracy in predicting progression 
from tuberculosis infection to active disease will be compared with the WHO TPP (World 
Health Organization, 2017): For each signature, test accuracy with specificity 
benchmarked at 75% or sensitivity at 75% (minimum WHO predictive test TPP criteria), 
and specificity at 90% or sensitivity 90% (optimum WHO predictive test TPP criteria) will 
be reported.  

These analyses will make use of methods and R packages developed by Zheng (J Am 
Stat Assoc, 2008), Heagerty (Biometrics, 2000), Pepe (Stata J, 2009) and others (Bansal, 
Diagn Progn Res, 2019).  

4.4 CONFIDENCE INTERVALS 
The 95% confidence interval (95%CI) will be provided for each performance metric using 
a non-parametric bootstrap with 10,000 iterations. For CORTIS-01 (HIV-uninfected), 
bootstrap sampling will be stratified by COR status, since the number of COR+ and COR- 
enrolled is fixed by the study design. 

4.5 SECONDARY AIMS: COMPARISON OF SIGNATURE PERFORMANCE 
 

4.5.1.1 HIV-infected versus HIV-uninfected population signature performance: 
Difference in signature performance (AUC) between HIV-infected (CORTIS-HR) 
and HIV-uninfected (CORTIS-01). The difference in a signature’s AUC will be 
considered significant if the 95%CIs do not overlap. Score distributions will be 
visually represented with violin/box-and-scatter plots (Figure 6.1). 

4.5.1.2 Symptomatic versus asymptomatic population signature performance 
(sub-group analysis): Difference in signature diagnostic performance (AUC) 
between symptomatic and asymptomatic persons will also be explored in both 
HIV-infected (CORTIS-HR) and HIV-uninfected (CORTIS-01) populations. The 
difference in a signature’s AUC will be considered significant if the 95%CIs do 
not overlap. Score distributions will be visually represented with violin/box-and-
scatter plots (Figure 6.1).  
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4.6 EXPLORATORY SUB-GROUP ANALYSES 
Exploratory diagnostic and predictive performance analyses may be performed by the 
below sub-groups. These analyses may have limited power due to small sample size and 
limited numbers of active TB cases.  Antiretroviral (ART) status and isoniazid preventive 
therapy (IPT) status is determined by concomitant medication recorded during follow up 
and is coded as per the CORTIS-HR SAP. The difference in a performance between 
groups will be considered significant if the 95%CIs do not overlap. Score distributions will 
be visually represented with violin/box-and-scatter plots (Figure 6.1).  

 

4.6.1 CORTIS-01 AND CORTIS-HR  

4.6.1.1 Age at enrolment 

4.6.1.2 Sex (male/female) 

4.6.1.3 Ethnicity (Black African, Cape Mixed Ancestry) 

4.6.1.4 Study site 

4.6.1.5 Smoking history at enrolment (yes/no) 

4.6.1.6 BMI at enrolment 

4.6.1.7 Prior TB episode (yes/no) 

4.6.1.8 QFT status at enrolment (<0.35, negative; ≥0.35, positive) 

 
4.6.2 CORTIS-HR ONLY 

4.6.2.1 ART-naïve versus ART experienced at enrolment  

4.6.2.2 CD4 cell count at enrolment 

4.6.2.3 Viral load at enrolment (lower than the detectable limit (<100), versus ≥ 100) 

4.6.2.4 Enrolment IPT status 

4.6.2.5 IPT duration during study (No IPT, IPT <6 months, IPT > 6 months) 
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5 TABLES 

5.1 PRIMARY AIM 1: SIGNATURE DIAGNOSTIC PERFORMANCE AT ENROLMENT (BINARY ANALYSIS) IN HIV-
INFECTED (CORTIS-HR) / HIV-UNINFECTED (CORTIS-01) COHORT 

Signature 

Optimal 
signature 
threshold‡ 

PCR  failure 
or 

indeterminate 
result† 

Sample 
pass 

rate (%) TP FN TN FP 
AUC,           

% (95% CI) 
Sensitivity‡                
% (95% CI) 

Specificity‡   
% (95% CI) 

PPV,            
% (95% CI) 

NPV,            
% (95% CI) 

NNS,            
n (95% CI) 

RISK11 (COR) 

x x x x x x x 

x% (x–x) 

x% (x–x) 70% x% (x–x) x% (x–x) x (x–x) 

x x x x x x x 90% x% (x–x) x% (x–x) x% (x–x) x (x–x) 

x x x x x x x x% (x–x) 80% x% (x–x) x% (x–x) x (x–x) 

x x x x x x x 95% x% (x–x) x% (x–x) x% (x–x) x (x–x) 

Herberg2 

x x x x x x x 

x% (x–x) 

x% (x–x) 70% x% (x–x) x% (x–x) x (x–x) 

x x x x x x x 90% x% (x–x) x% (x–x) x% (x–x) x (x–x) 

x x x x x x x x% (x–x) 80% x% (x–x) x% (x–x) x (x–x) 

x x x x x x x 95% x% (x–x) x% (x–x) x% (x–x) x (x–x) 

Maertzdorf4 

x x x x x x x 

x% (x–x) 

x% (x–x) 70% x% (x–x) x% (x–x) x (x–x) 

x x x x x x x 90% x% (x–x) x% (x–x) x% (x–x) x (x–x) 

x x x x x x x x% (x–x) 80% x% (x–x) x% (x–x) x (x–x) 

x x x x x x x 95% x% (x–x) x% (x–x) x% (x–x) x (x–x) 

Penn-Nicholson6 

x x x x x x x 

x% (x–x) 

x% (x–x) 70% x% (x–x) x% (x–x) x (x–x) 

x x x x x x x 90% x% (x–x) x% (x–x) x% (x–x) x (x–x) 

x x x x x x x x% (x–x) 80% x% (x–x) x% (x–x) x (x–x) 

x x x x x x x 95% x% (x–x) x% (x–x) x% (x–x) x (x–x) 

Roe1 

x x x x x x x 

x% (x–x) 

x% (x–x) 70% x% (x–x) x% (x–x) x (x–x) 

x x x x x x x 90% x% (x–x) x% (x–x) x% (x–x) x (x–x) 

x x x x x x x x% (x–x) 80% x% (x–x) x% (x–x) x (x–x) 

x x x x x x x 95% x% (x–x) x% (x–x) x% (x–x) x (x–x) 

Roe3 

x x x x x x x 

x% (x–x) 

x% (x–x) 70% x% (x–x) x% (x–x) x (x–x) 

x x x x x x x 90% x% (x–x) x% (x–x) x% (x–x) x (x–x) 

x x x x x x x x% (x–x) 80% x% (x–x) x% (x–x) x (x–x) 
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x x x x x x x 95% x% (x–x) x% (x–x) x% (x–x) x (x–x) 

Suliman4 

x x x x x x x 

x% (x–x) 

x% (x–x) 70% x% (x–x) x% (x–x) x (x–x) 

x x x x x x x 90% x% (x–x) x% (x–x) x% (x–x) x (x–x) 

x x x x x x x x% (x–x) 80% x% (x–x) x% (x–x) x (x–x) 

x x x x x x x 95% x% (x–x) x% (x–x) x% (x–x) x (x–x) 

Sweeney3   

x x x x x x x 

x% (x–x) 

x% (x–x) 70% x% (x–x) x% (x–x) x (x–x) 

x x x x x x x 90% x% (x–x) x% (x–x) x% (x–x) x (x–x) 

x x x x x x x x% (x–x) 80% x% (x–x) x% (x–x) x (x–x) 

x x x x x x x 95% x% (x–x) x% (x–x) x% (x–x) x (x–x) 

Thompson5 

x x x x x x x 

x% (x–x) 

x% (x–x) 70% x% (x–x) x% (x–x) x (x–x) 

x x x x x x x 90% x% (x–x) x% (x–x) x% (x–x) x (x–x) 

x x x x x x x x% (x–x) 80% x% (x–x) x% (x–x) x (x–x) 

x x x x x x x 95% x% (x–x) x% (x–x) x% (x–x) x (x–x) 

x x x x x x x 90% x% (x–x) x% (x–x) x% (x–x) x (x–x) 

TP = True positive; FN = False negative; TN = True negative; FP = False positive; AUC = Area under the receiver operating characteristics (ROC) curve; PPV = Positive predictive value; NPV 
= Negative predictive value; NNS = Number needed to screen to detect 1 case of incident TB; COR = Correlate of risk. 

Note: Participants who were unable to produce satisfactory sputum samples at enrolment or at end-of-study visit were assumed to be sputum negative at those time-point.  
† Indeterminate results excluded. ‡ Threshold with specificity benchmarked at 70% or sensitivity at 90% (minimum WHO triage test TPP), and specificity at 80% or sensitivity 95% (optimum 
WHO triage test TPP). 
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5.2 PRIMARY AIM 2: SIGNATURE PREDICTIVE PERFORMANCE FOR IDENTIFICATION OF TB DISEASE OVER A 15-
MONTH PERIOD, STRATIFIED BY THE TIME INTERVAL TO DISEASE (TIME-DEPENDENT ANALYSIS) IN HIV-
INFECTED (CORTIS-HR) / HIV-UNINFECTED (CORTIS-01) COHORT 

Time intervals:  0 to 3 months, 0 to 6 months, 0 to 9 months, 0 to 12 months, and 0 to 15 months 

  1 to 6 month, 2 to 7 month, 3 to 8 month… 10 to 15 month sliding windows 
 

Test† and time interval 
to TB disease 

Optimal 
signature 
threshold‡ 

PCR  failure 
or 

indeterminate 
result† 

Sample 
pass rate 

(%) 
Incident 

TB Cases 

Non-
incident 
controls 

AUC,           
% (95% CI) 

Sensitivity‡                
% (95% CI) 

Specificity‡   
% (95% CI) 

PPV‡,            
% (95% CI) 

NPV‡,            
% (95% CI) 

 
Window: X to Y months 

RISK11 (COR) 

x x x x x 

x% (x–x) 

x% (x–x) 75% x% (x–x) x% (x–x) 

x x x x x 75% x% (x–x) x% (x–x) x% (x–x) 

x x x x x x% (x–x) 90% x% (x–x) x% (x–x) 

x x x x x 90% x% (x–x) x% (x–x) x% (x–x) 

Herberg2 

x x x x x 

x% (x–x) 

x% (x–x) 75% x% (x–x) x% (x–x) 

x x x x x 75% x% (x–x) x% (x–x) x% (x–x) 

x x x x x x% (x–x) 90% x% (x–x) x% (x–x) 

x x x x x 90% x% (x–x) x% (x–x) x% (x–x) 

Maertzdorf4 

x x x x x 

x% (x–x) 

x% (x–x) 75% x% (x–x) x% (x–x) 

x x x x x 75% x% (x–x) x% (x–x) x% (x–x) 

x x x x x x% (x–x) 90% x% (x–x) x% (x–x) 

x x x x x 90% x% (x–x) x% (x–x) x% (x–x) 

Penn-Nicholson6 

x x x x x 

x% (x–x) 

x% (x–x) 75% x% (x–x) x% (x–x) 

x x x x x 75% x% (x–x) x% (x–x) x% (x–x) 

x x x x x x% (x–x) 90% x% (x–x) x% (x–x) 

x x x x x 90% x% (x–x) x% (x–x) x% (x–x) 

Roe1 

x x x x x 

x% (x–x) 

x% (x–x) 75% x% (x–x) x% (x–x) 

x x x x x 75% x% (x–x) x% (x–x) x% (x–x) 

x x x x x x% (x–x) 90% x% (x–x) x% (x–x) 
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x x x x x 90% x% (x–x) x% (x–x) x% (x–x) 

Roe3 

x x x x x 

x% (x–x) 

x% (x–x) 75% x% (x–x) x% (x–x) 

x x x x x 75% x% (x–x) x% (x–x) x% (x–x) 

x x x x x x% (x–x) 90% x% (x–x) x% (x–x) 

x x x x x 90% x% (x–x) x% (x–x) x% (x–x) 

Suliman4 

x x x x x 

x% (x–x) 

x% (x–x) 75% x% (x–x) x% (x–x) 

x x x x x 75% x% (x–x) x% (x–x) x% (x–x) 

x x x x x x% (x–x) 90% x% (x–x) x% (x–x) 

x x x x x 90% x% (x–x) x% (x–x) x% (x–x) 

Sweeney3   

x x x x x 

x% (x–x) 

x% (x–x) 75% x% (x–x) x% (x–x) 

x x x x x 75% x% (x–x) x% (x–x) x% (x–x) 

x x x x x x% (x–x) 90% x% (x–x) x% (x–x) 

x x x x x 90% x% (x–x) x% (x–x) x% (x–x) 

Thompson5 

x x x x x 

x% (x–x) 

x% (x–x) 75% x% (x–x) x% (x–x) 

x x x x x 75% x% (x–x) x% (x–x) x% (x–x) 

x x x x x x% (x–x) 90% x% (x–x) x% (x–x) 

x x x x x 90% x% (x–x) x% (x–x) x% (x–x) 

AUC = Area under the receiver operating characteristics (ROC) curve; PPV = Positive predictive value; NPV = Negative predictive value 
† Indeterminate results excluded. ‡ Threshold with specificity benchmarked at 75% or sensitivity at 75% (minimum WHO TPP for test predicting progression to incident TB), and specificity at 
90% or sensitivity 90% (optimum WHO TPP for test predicting progression to incident TB).  
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6 FIGURES 

6.1 Test score distribution: violin/box-and-scatter plots. Plots will be weighted for CORTIS-01 (section 2.7.1) and unweighted 
for CORTIS-HR (section 2.7.2). 

6.2 Test score correlations: correlation matrix of signature scores versus signature scores and demographic variables 
(spearman rho correlation coefficient). Plots will be weighted for CORTIS-01 (section 2.7.1) and unweighted for CORTIS-
HR (section 2.7.2). 

6.3 Test performance: ROC curves (sensitivity versus 100-specificity) with relevant WHO TPP criteria indicated 

6.4 Test accuracy: sensitivity/specificity versus test score threshold plots (x-axis: score threshold, y-axis: sensitivity or 
specificity) 

6.5 Time dependent analysis: AUC versus time. Sensitivity, specificity, NPV and PPV (at different thresholds) versus time, 
over 15-month follow-up 
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7 APPENDIX 

7.1 WHO DIAGNOSTIC, TRIAGE, AND PREDICTIVE TB TEST PERFORMANCE TARGET PRODUCT PROFILE 

 

1. Rapid biomarker-based non-sputum-based test for detecting (diagnosing) PTB (World Health Organization, 
2014) 
 Minimum diagnostic Optimal diagnostic 

Sensitivity in adult PTB (overall pooled sensitivity in culture-
positive cases) 

≥65% (among both smear-
positive & -negative cases) 

≥68% (among smear-negative 
cases only) 

Sensitivity in adult PTB (among smear-positive culture-
positive cases only) 

>98% ≥98% 

Specificity ≥98% Not specified 

   

2. Community-based triage or referral test to identify people suspected of having TB (World Health 
Organization, 2014) 
 Minimum screening Optimal screening 

Sensitivity in adult PTB (compared with confirmatory testing) >90% >95% 

Specificity in adult PTB (compared with confirmatory testing) >70% >80% 

   

3. Test predicting progression from tuberculosis infection to active disease (WHO, 2017) (World Health 
Organization, 2017) 
 Minimum predictive Optimal predictive 

Predictive sensitivity ≥75% ≥90% 

Predictive specificity ≥75% ≥90% 
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