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Abstract 

Cancer patients have an increased risk of reactivation of latent tuberculosis infection, it is unknown which strategy on screening 

should be used in this population in developing countries. We aimed to determine the concordance between the tuberculin skin 

test and QuantiFERON-TB assay in order to diagnose latent tuberculosis infection in cancer patients. We conducted a cross-

sectional study of agreement of diagnostic tests. Prevalence and agreement between tests were calculated. A logistic regression 

to assess predictors of discordance was performed. The accuracy of the tuberculin skin test to predict QuantiFERON-TB results by 

ROC curve was evaluated. We included 149 adults with cancer without active tuberculosis. Prevalence of latent tuberculosis 

infection was 21.5% (n=32), defined as positive results on either test. Tests agreement was moderate for the diagnosis of latent 

tuberculosis infection (κ=0.43, 90% CI 0.26-0.6). No predictor was associated with the chance of discordant results. Agreement 

improved slightly using a cut-off point ≥8 mm (κ=0.5, 90% CI 0.35-0.66). In moderate-incidence setting, a moderate agreement 

was found between tests in cancer patients. Modification of cut-off points of test results achieve marginally better agreement 

between TST and QFT. 
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Introduction 

Tuberculosis remains a leading cause of mortality related to infectious diseases worldwide. An estimated of 10 million people 

developed tuberculosis in 2017, resulting in 1.3 million deaths (1). Active tuberculosis will develop in 7.7% of people with latent 

tuberculosis infection after the first year following infection and 14.2% by the end of year 20 (2). Previous studies have found that 

risk factors such as HIV infection, malnutrition, use of immunosuppressive drugs, and cancer, especially hematologic, head and 

neck or pulmonary malignancies, contribute to significantly increase tuberculosis reactivation rate (3-5). 

The diagnosis of LTBI can be challenging, especially in some high-risk populations. Tests available for LTBI diagnosis are the 

tuberculin skin test (TST) and the interferon-gamma release assays (IGRAs) (6). TST is based on a delayed hypersensitivity 

response to Mycobacterium tuberculosis antigens, assessing host sensitization to a prior exposure to mycobacteria (7). Cut-off 

points for interpretation of the results have been set according to the risk of reactivation of each population (7,8). M. tuberculosis 

shares several antigens with Mycobacterium bovis and other non-tuberculous mycobacteria; prior vaccination with bacill 

Calmette-Guérin (BCG) increases the risk of false positives of the TST (9,10). Two IGRAs are available, QuantiFERON®-TB (QFT) and 

T-SPOT®.TB (11). QFT Gold In-Tube, the third generation of the assay, is an ELISA-based measurement of the interferon-γ released 

by lymphocytes on exposure to ESAT-6, CFP-10, and TB7.7 antigens (9,11). IGRAs offer some advantages over the TST because 

they require a single visit for testing and the antigens used are not expressed by M. bovis (9,11). However, IGRAs may present 

false positive results by cross-reactivity with some non-tuberculous mycobacteria or manufacturing issues, and a higher cost (11). 

In addition, both TST and IGRAs may have false-negative results in immunosuppressed individuals (7,9). 

Neither TST nor IGRAs can distinguish between the cure or persistence of bacteria in a state of latency; they only reflect the host's 

immune memory against bacteria (6). Due to the lack of a gold standard for the diagnosis of LTBI, the performance of these tests 

has been estimated using different approaches such as assessing their agreement (11). A low agreement between tests would 

affect the estimation of the prevalence of LTBI and would suggest that these tests can’t be used interchangeably for diagnosis. 

The aim of the present study was to evaluate the agreement between the TST and QFT for the diagnosis of LTBI in individuals with 

malignancies from a developing country. 
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Methods 

Study design and data collection 

This was a study of agreement of diagnostic tests conducted in a consecutive sample of patients with cancer at two tertiary care 

hospitals in Colombia. The TST was carried out using the Mantoux technique; a positive result was defined as an induration ≥10 

mm measured after 72 hours, according to the recommendations for oncological patients (8). QFT Gold In-Tube (Cellestis Limited, 

Carnegie, Australia) was measured fulfilling the manufacturer's quality recommendations. 

The staff responsible for carrying out each of the tests measured them independently; they were blinded to the data provided by 

the patients. The QFT was measured first, followed by TST to avoid false positives of the IGRA due to a possible boosting effect of 

tuberculin. Both tests were performed the same day to avoid changes in the clinical cancer status. Results were categorized as 

discordant if there was a TST positive with a QFT negative or a TST negative with a QFT positive. 

Enrolled patients completed a detailed questionnaire about clinical information and risk factors for exposure to tuberculosis. 

Evidence of BCG scar was used as a proof of BCG vaccination. 

Inclusion criteria 

Patients 18 years or older with a diagnosis of cancer were included, regardless of clinical status or type. We excluded patients 

who had cough in the last two weeks, chest images in the last three months suggestive of pulmonary tuberculosis, or fever or 

involuntary weight loss that did not have studies to rule out active tuberculosis. Patients with prior history of tuberculosis, HIV 

infection, hereditary immunodeficiencies, renal replacement therapy, pregnancy, or BCG intravesical immunotherapy for bladder 

cancer were excluded. 

Sample size 

The sample size was computed knowing the sensitivity of these tests and the agreement among them from the published studies 

of LTBI in cancer patients (12-14). An expected Cohen Kappa statistic (κ) of 0.5 was set to identify at least a moderate agreement 

between tests. As a result, it was estimated that it would be necessary to enroll 168 subjects in order to achieve an absolute 

precision of 0.12 and a 90% confidence level. The sample size was computed using Epidat, version 4.1 (15). 

Statistical analysis 

A descriptive analysis of the variables of interest was conducted to report the categorical data by the distribution of frequencies, 

relative frequencies, and proportions; for the continuous variables, the results were reported by median and the interquartile 

range or by mean and the standard deviation, dependent on the distribution. Indeterminate QFT results were omitted from the 

agreement analysis. The strength of agreement was set according to Landis and Koch classification as slight if κ was ≤0.2, as fair 

between 0.21-0.4, as moderate between 0.41-0.6, as substantial between 0.61-0.8, and as almost perfect ≥0.81 (16). Factors 

statistically associated with the chance of obtaining a discordant result between the tests (p values on univariate analysis <0.2) 

were included in the multiple analysis by logistic regression method. 

The cut-off points of the TST were explored to predict the QFT results using its area under the ROC (Receiver Operating 

Characteristic) curve. The antigenic response of the QFT in correspondence to the TST results was described; for comparison of 

the TST and QFT, antigen responses minus the nil value >10 IU/mL were truncated at 10 IU/mL. A sensitivity analysis was 
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performed to calculate tests agreement after changing the TST cutoff point according to ROC curve data and the QFT cut-off point 

according to the antigenic response values. 

All reported p values were two-tailed and calculated with statistical significance set to p <0.05. Statistical analyses were 

performed using Stata, version 12.0 (StataCorp LP, TX, USA). 

Ethics 

All patients were provided with a written informed consent form to authorize data collection and testing. The study was approved 

by the local Ethics Committees of Fundación Santa Fe de Bogotá and Instituto Nacional de Cancerología, in accordance with 

principles of the Declaration of the Helsinki World Medical Association and the Guideline for Good Clinical Practice. The 

information provided by the patients was confidential, but due to the potential preventive benefit of tests results, their doctors 

were notified if the results were positive. 
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Results 

Study population 

From March 2015 to January 2017, 149 subjects underwent testing. Enrollment was suspended because the laboratory changed 

the QFT assay. This sample size achieved a κ precision of 0.127. The sample was comprised of individuals with a mean of 62 years 

(range: 18 to 91 years). One hundred (67.1%) patients had scar of BCG vaccine. The most common types of malignancies were 

soft tissues and breast (20.1%), followed by thyroid (18.8%), gastrointestinal (14.8%) and hematologic (10.1%). Most individuals 

had a cancer status of partial or complete remission (41.6%); more than one third were receiving palliative chemotherapy 

(22.8%), curative chemotherapy (4.7%), or other kinds of treatments (10.7%), which mainly corresponded to levothyroxine 

therapy for thyroid cancers. 

Factors associated with immunosuppression were found in 54 (36.2%) patients, such as the use of immunosuppressive therapies 

(mainly selective inhibitors of tyrosine kinase receptors and hormone therapy), chronic use of corticosteroids, and hematopoietic 

stem cell transplantation (Table 1). 

Prevalence and tests agreement 

The TST had 22 positives (14.8%) results, QFT had 21 positives (14.1%) results, only 11 patients (7.4%) were positive by both tests. 

Fourteen patients presented skin reaction to tuberculin without meeting the threshold of positivity (≥10 mm), and four of them 

presented a positive QFT result. Prevalence of LTBI was 21.5% (95% CI 15.6-28.9%), defined as positive results on either test 

independently of its agreement. 

We found 21 discordant results, distributed across eleven cases of TST positive/QFT negative and ten cases of QFT positive/TST 

negative. Nine cases of TST positive/QFT negative and five cases of QFT positive/TST negative were BCG vaccinated. The overall 

agreement between tests was 86%, a chance-adjusted agreement was moderate (κ=0.43, 90% CI 0.26-0.6) (Table 2). 

There was no difference in the distribution of TST or QFT positive results by type of cancer or by its status in the logistic regression 

analysis. Although the BCG vaccination was common, it did not yield a difference in the frequency of the test results. No risk 

factors were found associated with the chance of a discordant result between tests in the univariate analysis (Table 3). 

Cut-off point variation of tests 

Comparison between the tests was explored using the QFT as a gold standard. The area under the ROC curve of the TST was 0.81 

to predict QFT results (Figure 1). The TST better predicted the QFT results using a cut-off point ≥8 mm, with a sensitivity of 66.7% 

and a specificity of 89.8%. The agreement of tests using the cut-off point ≥8 mm improved slightly (κ=0.5, 90% CI 0.35-0.66). 

Regarding the measurement of interferon-γ by QFT, the median of antigen response minus the nil value in individuals with 

positive TST was 1.06 IU/mL, whereas in individuals with negative TST was 0 IU/mL (p<0.0001) (Figure 2). A 96.9% of the results in 

individuals with TST negative were less than 1 IU/mL, while a 92.1% of the results were less than 0.35 IU/mL. The agreement 

between the cut-off point ≥1 IU/mL and the TST (≥10 mm) was slightly higher (κ=0.54, 90% CI 0.37-0.71), suggesting that a higher 

cut-off point than the threshold recommended (≥0.35 IU/mL and ≥25% of the nil value) could better discriminate the results. The 

cut-off point ≥0.35 IU/mL had a lower specificity to predict TST results (sensitivity 50% and specificity 92.1%) than the cut-off 

point ≥1 IU/mL (sensitivity 50% and specificity 96.9%). 
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Discussion 

Results from this sample of cancer patients showed a moderate agreement between tests used in the diagnosis of LTBI. Only a 

few studies worldwide have evaluated the agreement between these tests in cancer patients, mainly in subjects with hematologic 

malignancies (12,13,17,18). This research included subjects with solid cancers to provide broader information for these types of 

cancers. 

Moon et al. (12) described, in patients with hematologic malignancies, that agreement between these tests was slight (TST ≥5 mm 

vs. QFT κ=0.08, 95% CI -0.06-0.24; TST ≥10 mm vs. QFT κ=0.15, 95% CI -0.004-0.31). Richeldi et al. (13) compared these tests in 

immunocompromised subjects, some of them with hematologic malignancies, finding a moderate agreement (TST vs. QFT κ=0.65; 

TST vs. T-SPOT®.TB κ=0.4). A study conducted in patients undergoing chemotherapy found a fair agreement between QFT and TST 

(κ=0.25, p=0.007); patients with TST <10 mm underwent a booster by a second application of tuberculin, the booster test had 

higher agreement with QFT (κ=0.72, p=0.001) suggesting that booster is more comparable to QFT in cancer patients (14). 

Although precision of results was affected by suspension of enrollment, the agreement between tests in the present study was 

moderate (κ=0.43), which is consistent with other studies and highlights the limitations of these tests since each one classifies 

different individuals as infected. Lacking a suitable concordance, we can conclude that these tests are not equivalent but not 

which one is better for LTBI diagnosis. 

The reasons for discordance between these tests are poorly understood. Both tests evaluate the host immunological memory 

against the mycobacteria, but it is likely that they measure different parameters of the immune response; it is suggested that 

IGRAs evaluate a recent exposure while TST evaluates a remote infection (19). On the other hand, QFT results have been shown 

to be variable in repeated measurements, particularly when the results are around the manufacturer-recommended cut-off point 

(9,20). Defects in manufacturing, sample processing delays, eradication of tuberculous infection and within-person biological 

variation in the production of interferon-γ have been identified as sources of variability (9,21). The lack of reproducibility of QFT 

affects its ability to define the diagnosis and its intra and inter-tests agreement. 

The National Health and Nutrition Examination Survey identified some factors related to the chance of having discordance 

between tests, such as age, gender, treatment for LTBI, and lymphocyte count (20). We could not validate any predictor 

associated with discordance of the results. 

One of the most relevant questions is whether the cut-off points of these tests to define positivity are suitable. It should be kept 

in mind that in the case of TST the cut-off points were set arbitrarily and in the case of QFT seems to favor their lack of 

reproducibility, it is feasible that their modification will change the agreement of tests (9,22,23). In the present study, we 

explored different cut-off points to reach a better agreement between TST and QFT. In this population, a cut-off point ≥8 mm of 

the TST seems to better predict the QFT results, as well as a cut-off point ≥1 IU/mL of the antigen response in the QFT seems to 

better predict the TST results; however, the use of these cut-off points had only a marginal change in the agreement of tests. This 

exploratory analysis and available data suggest that cut-off points of test results should be reassessed (23,24). 

QuantiFERON®-TB Gold plus is a new test generation that removes the TB7.7 antigen and includes an additional tube with 

antigens capable of stimulating interferon-γ production by CD8+ T-cells; recent data suggest that this test may have a slight 

improvement in sensitivity compared to QFT Gold In-Tube, but it does not seem to reduce test variability (25-28). 
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Colombia is a country of middle prevalence for tuberculosis infection, but there are no overall data on the frequency of LTBI. A 

study conducted in two men's prisons found a prevalence of TST positivity of 66% (29). We estimated a LTBI prevalence of 21.5% 

in cancer patients, defining LTBI as the positivity of any of the diagnostic tests considering they could identify different kinds of 

infected patients. World Health Organization recommends either TST or IGRAs for LTBI diagnosis (30,31). Due to IGRAs higher 

costs and that most of their studies have been carried out in high-income countries, it is not recommended their use in middle or 

low-income countries such as Colombia (32). 

One of the limitations of this study is that we did not test a booster with a second application of tuberculin, so we could not prove 

if it correlates better with QFT (14). Second, the weight of factors likely associated with discordance could not be ascertained with 

these results, possibly because of the low number of cases of LTBI. Third, cancer statuses may indicate varying degree of 

immunological statuses, four out of ten patients included had a cancer status of partial or complete remission, therefore possibly 

a lower degree of immunosuppression. Fourth, this study was conducted in a developing country with a moderate prevalence of 

tuberculosis, where vaccination with BCG is almost universal (Colombia has a coverage of BCG vaccination in newborns over 80%), 

so caution should be exercised about generalizing this data to other settings; however, vaccination with BCG is expected not to 

cause false-positive test results for TST in Colombian adults because it is given just once at birth (31,33,34). 

There is no gold standard for LTBI diagnosis. Diagnosis and treatment of people with LTBI could improve global tuberculosis care, 

but better diagnostic tools are needed. With new research on mycobacterial genomics and transcriptomics, the development of 

better diagnostic biomarkers is expected in the future (35). For the moment, more studies are needed to evaluate the 

performance of the IGRAs and TST in populations at risk and the factors involved in their lack of agreement. Studies like this 

should be replicated in populations with a high prevalence of tuberculosis and with low-income, in order to establish policies on 

targeted screening according to each population’s needs. 

Conclusions 

Our findings suggest that the TST and QFT have a moderate agreement in cancer patients. Our study also provides information 

about limitations on the interpretation of current cut-off points of test results. According to our data, the prevalence of LTBI in 

Colombia is substantial in cancer patients, and the potential implications of infection on the natural history of cancer should not 

be disregarded. Further research aimed at determining the performance of diagnostic strategies such as sequential testing or 

tuberculin booster is necessary. 
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Figures 

 

Figure 1. ROC curve of the TST to predict QuantiFERON-TB results. 
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Figure 2. Box-and-whisker plots showing the magnitude of antigen-nil response (IU/mL) in QuantiFERON-TB results according to 

TST positivity. 
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Tables 

Table 1. Characteristics of the study population stratified by the TST and the QuantiFERON TB results. 

 Total TST QuantiFERON-TB 

Positive Negative Positive Negative 

Patients 149 22 127 21 127 

Age, years 62 (54-70) 59 (53-66) 62 (54-70) 64 (63-73) 60 (53-69)# 

Female 94 (63.1) 12 (54.5) 82 (64.6) 11 (52.4) 82 (64.6) 

Type of cancer diagnosis by location 

Soft tissues and breast 30 (20.1) 4 (18.2) 26 (20.5) 3 (14.3) 27 (21.3) 

Thyroid 28 (18.8) 4 (18.2) 24 (18.9) 5 (23.8) 23 (18.1) 

Gastrointestinal 22 (14.8) 2 (9.1) 20 (15.7) 3 (14.3) 18 (14.2) 

Hematologic 15 (10.1) 3 (13.6) 12 (9.4) 3 (14.3) 12 (9.4) 

Renal and urinary tract 13 (8.7) 2 (9.1) 11 (8.7) 3 (14.3) 10 (7.9) 

Lung 9 (6) 2 (9.1) 7 (5.5) 1 (4.8) 8 (6.3) 

Gynecological 9 (6) 2 (9.1) 7 (5.5) 1 (4.8) 8 (6.3) 

Head and neck (not thyroid) 6 (4) 1 (4.5) 5 (3.9) 1 (4.8) 5 (3.9) 

Other 17 (11.4) 2 (9.1) 15 (11.8) 1 (4.8) 16 (12.6) 

Cancer status 

Partial or complete remission 62 (41.6) 8 (36.4) 54 (42.5) 11 (52.4) 51 (40.2) 

Current management with palliative chemotherapy 34 (22.8) 6 (27.3) 28 (22) 5 (23.8) 29 (22.8) 

Current management with 

other treatments 

16 (10.7) 2 (9.1) 14 (11) 1 (4.8) 15 (11.8) 

Progression, with follow-up 18 (12.1) 4 (18.2) 14 (11) 2 (9.5) 16 (12.6) 

Initial staging, before the beginning of treatment 10 (6.7) 2 (9.1) 8 (6.3) 2 (9.5) 8 (6.3) 

Current management with curative chemotherapy 7 (4.7) - 7 (5.5) - 6 (4.7) 

Missing results 2 (1.3)     

Scar of BCG vaccine 100 (67.1) 14 (63.6) 86 (67.7) 11 (52.4) 89 (70.1) 

Comorbidities associated with immunosuppression 

Treatment with other immunosuppressants (last 

three months) 

35 (23.5) 4 (18.2) 31 (24.4) 3 (14.3) 31 (24.4) 

Corticosteroids use for more than 90 days (>15mg 

prednisone) 

4 (2.7) - 4 (3.1) - 4 (3.1) 

Insulin-dependent diabetes 3 (2) - 3 (2.4) - 3 (2.4) 

History of hematopoietic stem cell transplant 2 (1.3) 1 (4.5) 1 (0.8) - 2 (1.6) 

Chronic kidney disease 2 (1.3) - 2 (1.6) - 2 (1.6) 

Cases with two comorbidities 8 (5.4) 2 (9.1) 6 (4.7) 3 (14.3) 5 (3.9) 

Lymphopenia 23 (15.4) 3 (13.6) 20 (15.7) 4 (19) 19 (15) 

Missing lymphocyte results 26 (17.4)     
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Data are presented as median (interquartile range) or n (%). The indeterminate result of QuantiFERON-TB was excluded for 

statistical analyses. #p=0.02, logistic regression between QuantiFERON-TB negative and positive results groups. 
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Table 2. Distribution of the TST and QuantiFERON-TB results in the population. 

TST QuantiFERON-TB Total 

Negative Positive Indeterminate 

Negative 116 (91.3%) 10 (7.9%) 1 (0.8%) 127 (100%) 

Positive 11 (50%) 11 (50%) - 22 (100%) 

Total 127 (85.2%) 21 (14.1%) 1 (0.8%) 22 (100%) 
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Table 3. Factors associated with discordant results between tests in the bivariate univariate analysis. 

 OR (95% CI) p-value 

Age 

Under 65 years 1 0.92 

65 years or older 1.05 (0.4-2.71)  

Sex 

Female 1 0.92 

Male 1.05 (0.4-2.71)  

Type of cancer diagnosis by location 

Hematologic 0.92 (0.19-4.42) 0.92 

Non-hematologic# 1  

Cancer status 

Partial or complete remission 1 0.84 

Current management with palliative or curative chemotherapy¶ 1.67 (0.54-5.18)  

Current management with other treatments 1.81 (0.41-7.98)  

Progression, with follow-up 0.98 (0.19-5.2)  

Initial staging, before the beginning of treatment 1.96 (0.35-11.17)  

Scar of BCG vaccine 

Yes 0.65 (0.25-1.71) 0.39 

No 1  

Comorbidities associated with immunosuppression 

Treatment with other immunosuppressants 1.98 (0.69-5.78) 0.43 

Corticosteroids use for more than 90 days 4.25 (0.69-26.22)  

Insulin-dependent diabetes 2.83 (0.27-29.9)  

History of hematopoietic stem cell transplant 2.83 (0.27-29.9)  

None 1  

Lymphopenia 

Yes 0.99 (0.26-3.81) 0.99 

No 1  

#Non-hematologic cancers were grouped for analysis; ¶Cases of management with palliative and curative chemotherapy were 

grouped for analysis. 
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Supplementary material 

Table 4. Sensitivity, specificity, and likelihood ratios (LR) for different TST cut-off points correctly identifying the QuantiFERON-

TB results. 

 TST (mm) Sensitivity (%) Specificity (%) Correctly classified (%) LR + LR - 

≥0 100 0 14.19 1 - 

≥3 71.43 83.46 81.76 4.32 0.34 

≥4 71.43 85.04 83.11 4.77 0.34 

≥5 66.67 85.83 83.11 4.7 0.39 

≥6 66.67 87.4 84.46 5.29 0.38 

≥7 66.67 88.98 85.81 6.05 0.37 

≥8 66.67 89.76 86.49 6.51 0.37 

≥9 57.14 90.55 85.81 6.05 0.47 

≥10 52.38 91.34 85.81 6.05 0.52 

≥11 47.62 93.70 87.16 7.56 0.56 

≥12 47.62 96.85 89.86 15.12 0.54 

≥13 42.86 97.64 89.86 18.14 0.59 

≥14 38.1 99.21 90.54 48.38 0.62 

≥15 33.33 100 90.54 - 0.67 

≥16 23.81 100 89.19 - 0.76 

≥20 19.05 100 88.51 - 0.81 

≥23 4.76 100 86.49 - 0.95 

>23 0 100 85.81 - 1 

 


