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Introduction
Tuberculosis (TB) is one of the major infectious 
diseases globally,1 infecting up to one-third of the 
world’s population in the absence of clinical signs 
or symptoms of active TB.2 An important strategy 
to achieve TB control is screening and treatment 
of individuals with latent tuberculosis infection 
(LTBI).1 The World Health Organization 
(WHO) strongly recommends systematic testing 
and treatment of LTBI in high risk individuals, in 
countries with high or middle upper income, and 

TB incidence of <100 per 100,000 per year.3 
Immunocompromised patients with LTBI, 
including subjects infected with human immuno-
deficiency virus (HIV),4 those with immune-
mediated inflammatory disorders,5,6 end stage 
renal disease and cancer,7,8 and candidates for 
treatment with tumour necrosis factor-α inhibi-
tors or solid-organ transplant have an increased 
risk of tuberculosis reactivation compared with 
the general population,9–11 and thus LTBI screen-
ing is recommended in these high-risk groups.12 
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Abstract
Background and aims: The application of QuantiFERON-TB Gold in-Tube (QFT-GIT) in patients 
with haematological malignancies (HMs) has not been well studied. Therefore, we aimed to 
investigate the features of patients with HMs whose QFT-GIT results were indeterminate.
Methods: This study enrolled patients with HMs for the analysis of QFT-GIT tests and 
additional 2-year follow-up. The characteristics and predictors of QFT-GIT indeterminate 
results were identified. Mycobacterium tuberculosis (TB) incidence rate (IR) and incidence rate 
ratio (IRR) were also investigated.
Results: Of 89 participants, 27 (30.3%) had QFT-GIT indeterminate results. The QFT-GIT 
indeterminate patients were characterized with the diagnosis of leukaemia (63.0% versus 
32.3%, p = 0.044), abnormal white blood count (WBC) (88.9% versus 14.5%, p = 0.001), 
abnormal lymphocyte percentage (81.5% versus 14.5%, p = 0.001) and lower lymphocyte 
count (×109/l) (0.5 versus 2.2, p = 0.000) when compared with those with determinate results. 
Meanwhile, abnormal WBC [odds ratios (OR): 15.18, p = 0.003] and lymphocyte percentage 
(OR: 6.90, p = 0.033) were predictors of indeterminate results. One patient with the QFT-GIT 
indeterminate status and high interferon-γ level of negative control result developed active TB 
with a TB IR of 18.5 per 1000 person-years and an IRR of 0.1 (95% confidence interval, 0.01–
0.71) when compared with positive QFT-GIT patients without prophylaxis treatment.
Conclusion: Abnormal ranges of WBC and lymphocyte differential count percentage were 
independent predictors useful to determine the optimal timing of implementing QFT-GIT test 
in patients with HMs.
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Treatment regimens recommended for LTBI 
include 6- or 9-month isoniazid (INH), 12-week 
rifapentine plus isoniazid, 3–4-month isoniazid 
plus rifampicin, or 3–4-month rifampicin alone.3

Tuberculin skin test (TST) and QuantiFERON®-TB 
Gold in-Tube (QFT-GIT) are two popular meth-
ods of diagnosing LTBI. Both are indirect meth-
ods of detecting Mycobacterium tuberculosis 
infection by measuring the T-cell immune 
response against the bacillus.13 In immunocom-
petent persons, QFT-GIT has at least equal sen-
sitivity to the TST with improved specificity for 
the diagnosis of LTBI; while in immunocompro-
mised individuals, the sensitivity of both tests for 
detecting LTBI is lower than that in patients with 
preserved immunity.12,14,15 Compared with TST, 
QFT-GIT has several advantages, including less 
reader bias because of numerical results, no cross-
reaction with Bacillus Calmette–Guérin (BCG) 
vaccination status due to use of TB-specific poly-
peptides, and convenience as there is no need for 
a follow-up visit to interpret the results.13 
However, one of the main disadvantages of QFT-
GIT is that the response to TB-specific antigens 
cannot be interpreted in the presence of an inde-
terminate result, thus hampering clinicians’ deci-
sion making on whether preventive therapy 
should be instituted for high risk groups.

Haematological malignancies (HMs) are cancers 
that affect blood, bone marrow and lymph nodes, 
and notably originate from the immune system, 
leading to potential T-cell dysfunction in such 
patients. Furthermore, patients with HMs have a 
greater risk of progressing from latent to active 
TB because of the disease itself and a conse-
quence of antineoplastic chemotherapy.8 The TB 
incidence rate of patients with HMs is around 
120–1068/100,000 person-years.16–18 Meanwhile, 
the relative risk of TB disease in such population 
is 2–40 times that of the general population.19 
Therefore, Centers for Disease Control and 
Prevention and WHO recommend screening and 
considering treatment of LTBI in patients with 
HMs.20–22 However, the relevance of QFT-GIT 
in such immunocompromised population remains 
unclear.

We hypothesized that the impaired T-cell immune 
response would result in a high rate of indetermi-
nate results of QFT-GIT in patients with HMs. 
Thus, we conducted this study to investigate the 

incidence, clinical features and predictors of inde-
terminate results of QFT-GIT, and to evaluate 
the predictive value of indeterminate results for 
progression to active TB disease in hospitalized 
patients with HMs.

Methods

Study design, setting and population
This prospective observational study included 
patients with HMs who were admitted to the hae-
matology wards of Taichung Veterans General 
Hospital in central Taiwan between April 2014 
and March 2017. Patients aged <18 years old, 
those with a history of HIV infection, or cancers 
other than the haematological malignancies of 
interest, and those with expected lifespan less 
than 2 years, which was evaluated by the physi-
cian in charge based on the treatment response, 
the severity and number of co-morbidities, and 
the presence of malignancy-associated potentially 
life-threatening complications [such as hae-
mophagocytic lymphohistiocytosis (HLH)] or 
not, were excluded from this study. In addition, 
those who had a positive history or radiologic/
laboratory evidence of previous or current TB 
disease were also excluded from this study. The 
Institutional Review Board and Ethics Committee 
of Taichung Veterans General Hospital approved 
this study (approval number: SF11247A) and 
assured that all methods were performed in 
accordance with the relevant guidelines and regu-
lations, and informed consent was obtained from 
all participants.

Data collection and follow-up
For each participant, the investigators completed 
a detailed patient record form by reviewing and 
recording clinical data from electronic medical 
records, including age, gender, tumour types, 
treatment courses, chest X-ray, laboratory find-
ings and co-morbidities. Furthermore, all partici-
pants were followed-up at a 12-month interval for 
2 years after enrolment to identify the occurrence 
of subsequent active TB disease.

Treatment of LTBI
Whether participants with positive results of 
QFT-GIT received preventive therapy with INH 
(at a dose of 5 mg/kg per day, up to a maximum of 
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300 mg daily) for 9 months was independently 
decided by the participants after receiving detailed 
information on the benefits and risks associated 
with LTBI and its treatment.

QFT-GIT assay
For all study participants, the QFT-GIT test was 
performed and interpreted according to the man-
ufacturer’s instructions (Cellestis, QIAGEN, 
Victoria, Australia).23 The result was considered 
as positive if the nil response was ⩽8.0 IU/ml and 
the TB response (TB antigen minus nil) was 
⩾0.35 IU/ml and ⩾25% of nil value. The result 
was interpreted as negative when the TB response 
was <0.35 IU/ml or ⩾0.35 IU/ml and <25% of nil 
value in the case of nil response ⩽8.0 IU/ml and 
mitogen response (mitogen minus nil) ⩾0.5 IU/
ml. The test was considered indeterminate if the 
mitogen response was <0.5 IU/ml together with 
TB response <0.35 IU/ml or ⩾0.35 IU/ml and 
<25% of nil value, or nil response >8.0 IU/ml, as 
recommended by the manufacturer’s criteria.23 
For the study purpose, positive and negative 
results of QFT-GIT were combined into one cat-
egory termed as ‘determinate’.

Statistical analysis
All data were expressed as median (minimum–maxi-
mum) for continuous variables or frequencies 

(percentages) for categorical variables. For univariate 
analysis, comparisons were conducted using Mann–
Whitney U test for continuous variables and chi-
squared test for categorical variables. Multivariate 
logistic regression models were used to analyse asso-
ciated factors of indeterminate QFT-GIT results if 
they were significant in the univariate analysis. 
Incidence rate was calculated per 1000 person-years. 
Incidence rate ratio was defined as the proportion of 
the at-risk study population that developed active TB 
between April 2012 and March 2015.24 Statistical 
significance was set at p < 0.05. Statistical analysis 
was performed using SPSS software version 18.0 
(SPSS Inc., Chicago, IL, USA).

Results

Baseline demographics and  
characteristics of the participants
Figure 1 shows the patient enrolment flow chart. 
Out of 569 subjects with HMs who were screened, 
89 patients were enrolled in the study and received 
QFT-GIT tests. Of the enrolled participants, 
11.2% (10/89) were QFT-GIT positive, 58.4% 
(52/89) were QFT-GIT negative, while 30.3% 
(27/89) were QFT-GIT indeterminate.

Table 1 presents the baseline information of all 
enrolled participants. Most participants were mid-
dle-aged and BCG vaccinated and had previously 

Figure 1.  The patient enrolment flow chart.
#Two patients had active TB at 1-year follow-up while one had active TB at 2-year follow-up.
&The patient had active TB at 2-year follow-up.
*The diagnosis of TB was confirmed by the microbiological evidence.
QFT-GIT, QuantiFERON-TB Gold in-Tube; TB, tuberculosis.
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Table 1.  Baseline demographics and characteristics of the enrolled participants.

Positive
n = 10

Negative
n = 52

Determinate#

n = 62
Indeterminate
n = 27

p-value Total
n = 89

Age, years 71.0 (39.0, 83.0) 58.0 (20.0, 81.0) 59.0 (20.0, 83.0) 56.0 (20.0, 82.0) 0.324 58.0 (20.0, 83.0)

Male gender (%) 9 (90.0) 26 (50.0) 35 (56.5) 12 (44.4) 0.417 47 (52.8)

BCG vaccinated (%) 10 (100) 50 (96.2) 60 (96.8) 25 (92.6) 0.582 85 (95.5)

Tumour type 0.044*  

  Leukaemia (%) 2 (20.0) 18 (34.6) 20 (32.3) 17 (63.0) 37 (41.6)

    AML§  (%) 1 (10.0) 14 (26.9) 15 (24.2) 13 (48.1) 28 (31.5)

    Precursor B-cell ALL (%) 0 (0.0) 2 (3.8) 2 (3.2) 3 (11.1) 5 (5.6)

    CML (%) 0 (0.0) 1 (1.9) 1 (1.6) 1 (3.7) 2 (2.2)

    Blast crisis (%) 0 (0.0) 1 (1.9) 1 (1.6) 0 (0.0) 1 (1.1)

    Chronic phase (%) 0 (0.0) 0 (0.0) 0 (0.0) 1 (3.7) 1 (1.1)

  CLL (%) 1 (10.0) 1 (1.9) 2 (3.2) 0 (0.0) 2 (2.2)

    Rai stage III (%) 0 (0.0) 1 (1.9) 1 (1.6) 0 (0.0) 1 (1.1)

    Rai stage IV (%) 1 (10.0) 0 (0.0) 1 (1.6) 0 (0.0) 1 (1.1)

  Lymphoma (%) 5 (50.0) 28 (53.8) 33 (53.2) 7 (25.9) 40 (44.9)

    Ann Arbor stage I (%) 0 (0.0) 1 (1.9) 1 (1.6) 0 (0.0) 1 (1.1)

    Ann Arbor stage II (%) 1 (10.0) 3 (5.8) 4 (6.5) 1 (3.7) 5 (5.6)

    Ann Arbor stage III (%) 1 (10.0) 4 (7.7) 5 (8.1) 2 (7.4) 7 (7.9)

    Ann Arbor stage IV (%) 3 (30.0) 20 (38.5) 23 (37.1) 4 (14.8) 27 (30.3)

  Multiple myeloma (%) 3 (30.0) 6 (11.5) 9 (14.5) 3 (11.1) 12 (13.5)

    Durie–Salmon stage IA (%) 0 (0.0) 1 (1.9) 1 (1.6) 0 (0.0) 1 (1.1)

    Durie–Salmon stage IB (%) 1 (10.0) 0 (0.0) 1 (1.6) 0 (0.0) 1 (1.1)

    Durie–Salmon stage IIA (%) 1 (10.0) 1 (1.9) 2 (3.2) 0 (0.0) 2 (2.2)

    Durie–Salmon stage IIIA (%) 1 (10.0) 3 (5.8) 4 (6.5) 3 (11.1) 7 (7.9)

    Durie–Salmon stage IIIB (%) 0 (0.0) 1 (1.9) 1 (1.6) 0 (0.0) 1 (1.1)

Treatment received previously 0.197  

  None (%) 4 (40.0) 10 (19.2) 14 (22.6) 3 (11.1) 17 (19.1)

  Leukaemia (%) 0 (0.0) 2 (3.8) 2 (3.2) 2 (7.4) 4 (4.5)

  AML§ (%) 0 (0.0) 1 (1.9) 1 (1.6) 2 (7.4) 3 (3.4)

  CLL

    Rai stage III (%) 0 (0.0) 1 (1.9) 1 (1.6) 0 (0.0) 1 (1.1)

  Lymphoma (%) 2 (20.0) 7 (13.5) 9 (14.5) 1 (3.7) 10 (11.2)

    Ann Arbor stage III (%) 1 (10.0) 1 (1.9) 2 (3.2) 0 (0.0) 2 (2.2)

(continued)
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Positive
n = 10

Negative
n = 52

Determinate#

n = 62
Indeterminate
n = 27

p-value Total
n = 89

    Ann Arbor stage IV (%) 1 (10.0) 6 (11.5) 7 (11.3) 1 (3.7) 8 (9.0)

  Multiple myeloma (%) 2 (20.0) 1 (1.9) 3 (4.8) 0 (0.0) 3 (3.4)

    Durie-Salmon stage IB (%) 1 (10.0) 0 (0.0) 1 (1.6) 0 (0.0) 1 (1.1)

    Durie-Salmon stage IIA (%) 1 (10.0) 1 (1.9) 2 (3.2) 0 (0.0) 2 (2.2)

Chemotherapy only (%) 6 (60.0) 41 (78.8) 47 (75.8) 22 (81.5) 69 (77.5)

  Leukaemia (%) 2 (20.0) 15 (28.8) 17 (27.4) 14 (51.9) 31 (34.8)

  AML§ (%) 1 (10.0) 12 (23.1) 13 (21.0) 10 (37.0) 23 (25.8)

  Precursor B-cell ALL (%) 0 (0.0) 2 (3.8) 2 (3.2) 3 (11.1) 5 (5.6)

  CML (%) 0 (0.0) 1 (1.9) 1 (1.6) 1 (3.7) 2 (2.2)

    Blast crisis (%) 0 (0.0) 1 (1.9) 1 (1.6) 0 (0.0) 1 (1.1)

    Chronic phase (%) 0 (0.0) 0 (0.0) 0 (0.0) 1 (3.7) 1 (1.1)

  CLL

    Rai stage IV (%) 1 (10.0) 0 (0.0) 1 (1.6) 0 (0.0) 1 (1.1)

  Lymphoma (%) 3 (30.0) 21 (40.4) 24 (38.7) 6 (22.2) 30 (33.7)

    Ann Arbor stage I (%) 0 (0.0) 1 (1.9) 1 (1.6) 0 (0.0) 1 (1.1)

    Ann Arbor stage II (%) 1 (10.0) 3 (5.8) 4 (6.5) 1 (3.7) 5 (5.6)

    Ann Arbor stage III (%) 0 (0.0) 3 (5.8) 3 (4.8) 2 (7.4) 5 (5.6)

    Ann Arbor stage IV (%) 2 (20.0) 14 (26.9) 16 (25.8) 3 (11.1) 19 (21.3)

  Multiple myeloma (%) 1 (10.0) 5 (9.6) 6 (9.7) 2 (7.4) 8 (9.0)

    Durie–Salmon stage IA (%) 0 (0.0) 1 (1.9) 1 (1.6) 0 (0.0) 1 (1.1)

    Durie–Salmon stage IIIA (%) 1 (10.0) 3 (5.8) 4 (6.5) 2 (7.4) 6 (6.7)

    Durie–Salmon stage IIIB (%) 0 (0.0) 1 (1.9) 1 (1.6) 0 (0.0) 1 (1.1)

Chemotherapy + radiotherapy (%) 0 (0.0) 1 (1.9) 1 (1.6) 2 (7.4) 3 (3.4)

  Leukaemia

  AML§ (%) 0 (0.0) 1 (1.9) 1 (1.6) 1 (3.7) 2 (2.2)

  Multiple myeloma

  Durie–Salmon stage IIIA (%) 0 (0.0) 0 (0.0) 0 (0.0) 1 (3.7) 1 (1.1)

Chest X-ray 0.508  

  Normal (%) 1 (10.0) 27 (51.9) 28 (45.2) 13 (48.1) 41 (46.1)

 � Abnormal but not related 
to previous or current TB 
infection (%)

8 (80.0) 23 (44.2) 31 (50.0) 14 (51.9) 45 (50.6)

Table 1.  (continued)

(continued)
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Positive
n = 10

Negative
n = 52

Determinate#

n = 62
Indeterminate
n = 27

p-value Total
n = 89

 � Presence of  
bronchiectasis (%)

1 (10.0) 2 (3.8) 3 (4.8) 0 (0.0) 3 (3.4)

Laboratory finding

  WBC, ×109/l 7.1 (4.3, 14.4) 7.2 (0.6, 114.4) 7.2 (0.6, 114.4) 3.0 (0.2, 161.7) 0.001* 6.7 (0.2, 161.7)

  Normal reference range$ (%) 9 (90.0) 44 (84.6) 53 (85.5) 3 (11.1) 56 (62.9)

  Abnormal reference range (%) 1 (10.0) 8 (15.4) 9 (14.5) 24 (88.9) 33 (37.1)

  Lymphocyte (%) 32.0 (7.0, 54.0) 31.5 (6.8, 60.0) 32.0 (6.8, 60.0) 14.0 (2.0, 65.5) 0.001* 29.5 (2.0, 65.5)

  Normal reference range& (%) 8 (80.0) 45 (86.5) 53 (85.5) 5 (18.5) 58 (65.2)

  Abnormal reference range (%) 2 (20.0) 7 (13.5) 9 (14.5) 22 (81.5) 31 (34.8)

  Lymphocyte, ×109/l (%) 2.2 (1.0, 3.7) 2.3 (0.1, 49.2) 2.2 (0.1, 49.2) 0.5 (0.0, 66.3) 0.000* 2.0 (0.0, 66.3)

QFT-GIT, IU/ml

  Nil, negative control 0.1 (0.0, 0.2) 0.1 (0.0, 1.7) 0.1 (0.0, 1.7) 0.1 (0.0, 1.2) 0.932 0.1 (0.0, 1.7)

  TB antigen minus nil 1.9 (0.4, 10.0) 0.0 (−0.2, 0.2) 0.0 (−0.2, 10.0) 0.0 (−0.6, 0.1) 0.072 0.0 (−0.6, 10.0)

 � Mitogen minus nil, positive 
control

10.0 (0.4, 10.0) 7.0 (0.6, 10.0) 8.3 (0.4, 10.0) 0.1 (−0.4, 0.5) 0.000* 2.4 (−0.4, 10.0)

Co-morbidity

  Diabetes mellitus (%) 0 (0.0) 4 (7.7) 4 (6.5) 3 (11.1) 0.429 7 (7.9)

  Autoimmune disorder (%) 1 (10.0) 5 (9.6) 6 (9.7) 2 (7.4) 1.000 8 (9.0)

COPD (%) 2 (20.0) 4 (7.7) 6 (9.7) 2 (7.4) 1.000 8 (9.0)

Asthma (%) 0 (0.0) 2 (3.8) 2 (3.2) 1 (3.7) 1.000 3 (3.4)

Chronic renal failure (%) 0 (0.0) 1 (1.9) 1 (1.6) 2 (7.4) 0.217 3 (3.4)

Data are presented as median (min–max) or number (%).
#Determinate = positive + negative.
*p < 0.05.
$The reference range of the study institute: male, 3900–10600/μl; female, 3500–11000/μl.
&The reference range of the study institute: 19–48%.
§The European LeukemiaNet risk stratification by genetics did not performed for patients with AML because of the unavailability of the assays for 
genetic testing in the study period.
ALL, acute lymphocytic leukaemia; AML, acute myeloid leukaemia; BCG, Bacillus Calmette–Guérin; CLL, chronic lymphocytic leukaemia; CML, 
chronic myeloid leukaemia; COPD, chronic obstructive pulmonary disease; QFT-GIT, QuantiFERON-TB Gold in-Tube; TB, tuberculosis; WBC, white 
blood count.

Table 1.  (continued)

received chemotherapy with or without radiother-
apy, while the most common tumour types were 
lymphoma and leukaemia.

Predictors of indeterminate QFT-GIT results
Compared with subjects with determinate QFT-
GIT results (participants with positive and  

negative QFT-GIT results), patients with QFT-
GIT indeterminate had a higher proportion of leu-
kaemia [63.0% (17/27), p = 0.044], abnormal 
white blood count (WBC) [88.9% (24/27), 
p = 0.001] and lymphocyte [81.5% (22/27), 
p = 0.001] percentage, and lower median lympho-
cyte count (0.5 × 109/l, p = 0.000) (Table 1). 
Multivariate logistic regression analysis showed 

https://journals.sagepub.com/home/tah


C-C Huang, C-LJ Teng et al.

journals.sagepub.com/home/tah	 7

that abnormal WBC [odds ratio (OR): 15.18; 95% 
confidence interval (CI): 2.52–91.59, p = 0.003] 
and lymphocyte (OR: 6.90; 95% CI: 1.17–40.83, 
p = 0.033) percentage were risk factors associated 
with indeterminate results (Figure 2).

Predictive value of QFT-GIT for  
progression to active TB
During the 2-year follow-up period, four (4.5%) 
of the 89 enrolled subjects developed active TB. 
Of these, three had positive QFT-GIT results, 
who did not receive LTBI preventive treatment, 
while one was QFT-GIT indeterminate, who did 
not receive INH prophylaxis treatment (Figure 1). 
The incidence rate ratios of the tested groups are 
shown in Table 2. Compared with patients  
with positive QFT-GIT results without INH 

prophylaxis treatment, the incidence rate ratio of 
participants with indeterminate QFT-GIT results 
was 0.1 (95% CI 0.01–0.71, p = 0.024). This indi-
cated that though it was lower than that of subjects 
with positive QFT-GIT results without receiving 
LTBI preventive treatment, patients with HMs 
and indeterminate QFT-GIT results had a pro-
pensity to develop active TB, with an incidence 
rate 18.5 per 1000 person-years (Table 2).

Interferon-γ level in participants  
who developed active TB
The information on four participants (two with 
lymphoma, one with multiple myeloma and one 
with acute myeloid leukaemia) who developed 
active TB is detailed in Table 3. Interestingly, the 
value of negative control result [interferon-γ 

Figure 2.  The predictors associated with indeterminate QFT-GIT results.
CI, confidence interval; QFT-GIT, QuantiFERON-TB Gold in-Tube; WBC, white blood count.

Table 2.  Incidence rate and incidence rate ratio of the tested groups for progression to active tuberculosis.

Number Active TB Progression to 
disease, years

Incidence rate per 1000 
person-years

Incidence rate 
ratio (95% CI)

QFT-GIT results

  Negative 52 0 104 0 –

  Positive with INH prophylaxis 3 0 6 0 –

  Positive without INH prophylaxis 7 3 12 250.0 1

  Indeterminate 27 1 54 18.5 0.1 (0.01–0.71)*

*p < 0.05.
CI, confidence interval; INH, Isoniazid; QFT-GIT, QuantiFERON-TB Gold in-Tube; TB, tuberculosis.
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(IFN-γ) level : 1.2 IU/ml] of the 67-year-old female 
participant (case No. 4: with an indeterminate 
QFT-GIT result and active TB) was much higher 
than that of the other three subjects with a positive 
QFT-GIT who developed active TB disease (Table 
3), as well as the median values of other partici-
pants with QFT-GIT indeterminate or determi-
nate [median (minimum–maximum) (IU/ml), 0.1 
(0.0, 1.2); median (minimum–maximum) (IU/ml), 
0.1 (0.0, 1.7), respectively] (Table 1). This finding 
suggested that the values of participants with an 
indeterminate QFT-GIT result but a high IFN-γ 
level of negative control need to be carefully evalu-
ated as predictive of progression to active TB.

Discussion
This study demonstrated that 30.3% of hospital-
ized participants with HMs had an indeterminate 
QFT-GIT result that was characterized by the 
diagnosis of leukaemia, having abnormal WBC 
and lymphocyte percentages, and a lower lym-
phocyte count. Further, abnormal WBC and 
lymphocyte percentage were identified as inde-
pendent risk factors for an indeterminate QFT-
GIT result on multivariate analysis. Moreover, 
one of the study subjects who was QFT-GIT 
indeterminate and had a high IFN-γ level of nega-
tive control result developed active TB disease 
within the 2-year follow-up period.

Previous studies enrolling mainly immunocom-
promised or cancer patients showed that an inde-
terminate QFT-GIT result was associated with 

older adults, children younger than 5 years and 
immunocompromised, those receiving immuno-
suppressive therapies, lymphocytopenia and 
hypoalbuminaemia.25–28 Furthermore, together 
with the present study and that reported by 
Richeldi et al.,28 abnormal WBC, and lymphocyte 
percentage and a lower lymphocyte count were 
independent predictors for the indeterminate 
result in hospitalized patients with HMs and 
immunocompromised state, respectively, while 
Ferrara et  al.,25,28 rather than our study, found 
that immunosuppressive therapies were signifi-
cantly associated with an indeterminate QFT-
GIT result though fewer participants received 
immunosuppressive therapies compared with 
those in our study [20.4% (65/318) versus 80.9% 
(72/89)]. In summary, an indeterminate QFT-
GIT has a predictable clinical behaviour that is 
characterized by extremes of age, impaired 
immune and nutrition status, and abnormal labo-
ratory findings related to WBCs.

Though this study found that the incidence rate 
ratio of participants with an indeterminate QFT-
GIT result was much lower than that of subjects 
with a positive QFT-GIT result without INH pre-
ventive treatment, the participant with the indeter-
minate result and high IFN-γ level (1.2 IU/ml) of 
negative control result progressed to active TB at 
the 2-year follow-up. Sho Hangai et  al. reported 
that one patient diagnosed as miliary TB had an 
indeterminate QFT-GIT result due to a high level 
of IFN-γ production (>8.01 IU/ml) in the negative 
control despite the presence of lymphocytopenia.29 

Table 3.  The detailed information on participants developing active tuberculosis.

Case no. Age Gender Diagnosis Treatment Nil (IU/ml) TB antigen 
minus nil 
(IU/ml)

Mitogen 
minus nil 
(IU/ml)

QFT-GIT result Interval 
for TB 
diagnosis 
from 
enrolment 
(months)

1 74 Male Diffuse 
large B-cell 
lymphoma

Chemotherapy 0.04 4.13 >10 Positive 9

2 68 Male Multiple 
myeloma

None 0.02 0.54 8.31 Positive 10

3 51 Female Follicular 
lymphoma

Chemotherapy 0.08 7.5 >10 Positive 15

4 67 Female Acute myeloid 
leukaemia

Chemotherapy 1.2 0.1 0.41 Indeterminate 18

QFT-GIT, QuantiFERON-TB Gold in-Tube; TB, tuberculosis.
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The explanation of the mechanism underlying the 
possible hyperactivation of lymphocytes includes 
the presence of heterophile antibodies or excessive 
circulating IFN-γ secretion during an infection, 
while the latter may be responsible for the high 
background IFN-γ level in the patient reported by 
Sho Hangai et al.23,29 Unlike this, in such medium-
burden TB country (a total TB incidence of 48.4 
per 100,000 population of 2014 in Taiwan), our 
case might have been infected with TB bacteria 
prior to the diagnosis of HMs. Hence, the produc-
tion of background IFN-γ may not be influenced 
by T-cell dysfunction arising from HMs, and the 
IFN-γ level of negative control result was higher 
than those of the other three participants who 
developed active TB during the follow-up period.30 
Moreover, previous studies found that indetermi-
nate results of QFT-GIT (only one tube with spe-
cific peptides designed to stimulate CD4+ cells) 
or QFT Plus [two different tubes with specific 
peptides designed to stimulate CD4+ cells (TB1) 
and both CD4+ and CD8+ cells (TB2)], because 
of a high level of IFN-γ in the negative control 
tube, were obtained from patients with HLH, a 
not-so-rare (malignancy-associated HLH may 
occur in up to 1% of patients with HMs), life-
threatening, excessively inflammatory syndrome 
characterized by hyperactivation of macrophage 
and T-cells and causing fever, coagulopathy, cyto-
penia and liver function impairment, making it 
possible that QFT tests may help the diagnosis of 
HLH clinically, particularly in paediatric patients 
with primary HLH.31,32 Our results together with 
these provide a fresh look at the role of high IFN-γ 
level of negative control result in the interpretation 
of QFT-GIT and the evaluation of progression to 
active TB in patients with HMs.

Similar to our findings that the incidence rate 
of QFT-GIT indeterminate patients with HMs 
was as high as 30.3% and nearly 81% of partici-
pants received chemotherapy at the time of 
testing, previous studies showed that, in sub-
jects receiving immunosuppressive therapies 
and those undergoing cancer chemotherapy, 
the incidence rates of indeterminate results 
were 29.7–40% and 35.7%, respectively.25–27 
By contrast, in candidates for haematopoietic 
stem cell transplantation and patients with 
HMs who did not receive anticancer chemo-
therapy at the time of QFT-GIT testing, the 
rates of indeterminate QFT-GIT results were 
as low as 14% and 5.3%, respectively.28,33 This 

indicates that immunocompromised status 
caused by cancer chemotherapies or immuno-
suppressive therapies may contribute to a high 
incidence rate of indeterminate QFT-GIT 
results.

Strengths of this study include the prospective 
nature of the study with a 2-year follow-up period 
to investigate the occurrence of active TB disease 
that was confirmed by microbiological evidence. 
This compensates the major limitations of our 
study: the first was the inclusion of a small number 
of hospitalized patients with leukaemia, lymphoma 
and multiple myeloma in the final analysis, making 
our results not generalizable; the second was the 
combination of positive and negative QFT-GIT 
tests as the determinate group, making the study 
group categorization not sound pathophysiologi-
cally although it was statistically acceptable for the 
purpose of the study and had been applied in other 
studies;25,27 the third was the lack of performing 
TST, making the comparison between QFT-GIT 
and TST impossible although a false positive reac-
tion to TST could be more common in our study 
participants, of whom, 95.5% were BCG vacci-
nated. Further well-designed studies enrolling a 
larger number of and diverse participants are nec-
essary to make QFT-GIT tests more applicable to 
wider haematological practice.

In this study, we found the clinical features and 
predictors for the indeterminate QFT-GIT 
results. Together with previous studies,25–28 these 
findings could guide physicians to determine the 
non-optimal timing to implement QFT-GIT 
tests, including extremes of age, immunocompro-
mised states (receiving immunosuppressive thera-
pies, undergoing cancer chemotherapies at the 
time of test, etc.), impaired nutrition status and 
abnormal laboratory findings related to WBCs, in 
clinical practice, making it less possible to have an 
un-interpretable indeterminate QFT-GIT result. 
Moreover, the finding that patients with HMs, an 
indeterminate QFT-GIT result and high IFN-γ 
level of negative control result might progress to 
active TB could indicate that this subset of 
patients should be closely monitored for the 
development of active TB by the clinicians and 
raise awareness that a better biomarker for pre-
dicting TB development is urgently needed in 
patients with HMs in the future, allowing tar-
geted treatment of such individuals to prevent 
disease progression.34
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Conclusion
We found that hospitalized patients with HMs 
had a high incidence rate of an indeterminate 
QFT-GIT result that was predicted by clinical 
features and might forecast progression to active 
TB disease when the IFN-γ value of negative con-
trol was relatively high. Our findings provided 
useful information on establishing strategies for 
the optimal timing of conduction of QFT-GIT 
tests and preventing reactivation of latent TB in 
patients with HMs.
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