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Abstract. Background: Identification of latent tuberculosis infection (LTBI) is a critical step of
tuberculosis surveillance, especially in low-incidence countries. However, it is limited to situations
with a higher probability of developing active disease, e.g., patients with hematological
malignancies. According to guidelines, in TB non-endemic countries, no clear screening program
is established at diagnosis for patients with acute leukemia (AL).

The primary endpoint of this study was to establish the prevalence of LTBI in patients with a
diagnosis of AL using QuantiFERON (QFT)-TB. Secondarily, radiological and clinical features
driving the increased risk of LTBI were evaluated.

Methods: QFT-TB screening was performed before induction or consolidation in all patients with
AL (myeloid and lymphoid) treated at our Institution between October 2019 and August 2023.
Results: We accrued 62 patients, of whom 7 (11,3%) tested positive, without any symptoms or signs
of active TB, and 2 (3,2%b) resulted as indeterminate. All positive patients started prophylaxis with
isoniazid 300 mg daily, while patients whose test was indeterminate did not receive any
prophylaxis. Active TB was excluded by imaging, as well as microscopic, cultural, and molecular
examination on bronchoalveolar lavage if signs of any infection were detected. During the 46
months of observation, no patients developed TB reactivation.

Conclusions: Despite the low sample size, 1/10 of our patients had prior TB exposure, hinting that
LTBI could be more common than expected in Italy. This finding suggests implementing TB
screening in the pre-treatment setting, particularly at a time when more active treatments are
becoming available also for patients ineligible for intensive chemotherapy.
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Introduction. According to data from the 2023 report
published by the World Health Organization and the
European Centre for Disease Prevention and Control,
Italy is a low tuberculosis (TB) incidence country, with
< 20 new cases/100.000 inhabitants.! Latent tuberculosis
infection (LTBI) is defined as the presence of
Mycobacterium tuberculosis in individuals without any
symptoms or signs of active disease.?

While most individuals with LTBI rarely develop
active disease, up to 15% of such cases with concurrent
high-risk factors, such as Human Immunodeficiency
Virus (HIV) infection, malnutrition, active cancer, solid
organ transplant, or hematopoietic stem cell
transplantation and immunodepression, may progress to
active TB.>® Moreover, a variety of environmental
situations, workplace, and personal habits concur with
increasing the risk of developing active TB.”

Patients with hematologic malignancies and LTBI
have a 40 times higher risk of progression to fully-blown
disease,*® with studies showing the prevalence of up to
30% of LTBI in patients with hematological
malignancies, even in those countries that are not TB-
endemic.’

According to current guidelines, in non-endemic TB
countries, no clear TB screening program is established
at diagnosis for patients with acute leukemia (AL), while
it is imperative prior to hematopoietic stem cell
transplantation. Information about the efficacy and
safety of TB preventive treatment in patients with newly
diagnosed AL is very limited, and there is a very high
heterogeneity in TB screening approaches across Centers
of Care for hematological patients at diagnosis. Search
for LTBI at diagnosis of AL could provide an
opportunity to prompt recognition and subsequent
treatment or prophylaxis, thereby lowering morbidity
and mortality associated with TB.%°

Considering our Italian peninsula, only a few
monocentric studies analyzed LTBI prevalence and
efficacy of prophylaxis in similar hematological
populations, underlining the unmet need to establish
further evaluations to confront data from different
Centers and geographic areas. According to Bettelli et al.,
7,7% of patients with AL or aplastic anemia tested
positive for QuantiFERON (QFT)-TB test, concluding
that LTBI is not uncommon as expected in low-incidence
countries.™ For this reason, it is of great utility to expand
current evidence with experiences and data from as many

centers as possible to establish a more solid picture of
epidemiology in this category of patients and attempt to
develop common strategies of intervention. Herein, we
aim to study the prevalence of LTBI in our patients with
AL.

Material and Methods.

Study design and endpoints. This is a retrospective,
observational, monocentric  study focused on
consecutive patients admitted to the Department of
Hematology at Policlinico Tor Vergata with a diagnosis
of AL (myeloid, lymphoblastic, promyelocytic) who
underwent a QFT-TB test from October 2019 to August
2023, with a follow-up period of 1 to 46 months.

The primary endpoint was to establish the LTBI
prevalence in patients with a diagnosis of AL using QFT-
TB as screening.

Secondary endpoints included the evaluation of any
possible correlations between radiological findings and
the QFT-TB results.

Setting. Policlinico Tor Vergata, Rome, Italy.

Study Population. We enrolled consecutive patients aged
> 18 years, diagnosed with AL according to the 2016
revision to the World Health Organization (WHO)
classification!? and risk-stratified according to the
European Leukemia Net (ELN) 2017%® for patients
diagnosed before the updated versions, and then
according to the WHO 2022 classification!* and the ELN
2022, when available. We selected patients undergoing
induction or consolidation treatment, both fit and unfit
for intensive treatment. Patients who were candidates for
best supportive care were also enrolled in the study.
Indeed, the vast majority (n=58/62, 94%) of our patients
were tested before induction therapy and only 4 (6%)
before consolidation. However, we then focused (as
detailed by patient characteristics) on those naive to
treatment.

We collected data on cases that underwent the QFT-
TB test (using the QuantiFERON-TB Gold Plus method)
from October 2019 to August 2023. The test assessed
patients' TB status: positive, indeterminate, or negative
(see below).

QuantiFERON-TB test. QFT-TB Gold Plus from
peripheral blood was used to detect M. tuberculosis
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infection. Briefly, the test evaluated the presence of
Interferon Gamma, a cytokine produced after T-cell
stimulation by two highly specific M. tuberculosis
antigens (ESAT-6 and CFP-10). Moreover, this test was
able to differentiate CD4+ and CD8+ -specific cellular
responses.

Results could be positive, negative, or indeterminate.
A patient was considered positive for M. tuberculosis
infection if the IFN-y response to TB antigens was
deemed above the test cutoff. A positive result may result
in either latent or active tuberculosis based on
radiological imaging and/or microbiological studies as
per established guidelines.*

The QFT-TB test in our institute is used in clinical
practice for patients with hematological malignancies
before the start of treatment.

Statistical Analysis. Patients’ characteristics have been
described by frequency tables for qualitative variables
and location indicators for quantitative variables. For the
univariate analysis, Chi-square or Fisher's exact test for
qualitative variables and Mann-Whitney test for
quantitative variables have been used. Confidence
intervals have been calculated at 95%, and differences
with p < 0.05 have been considered statistically
significant. All analyses were performed using 1BM
SPSS Statistics 25 software.

Data Collection. Data were retrieved and tabulated by
revision of patients’ medical records. Variables of major
interest included the following: gender, age at diagnosis
of AL and at QFT-TB test, type of diagnosis and
characteristics (molecular biology and cytogenetic
alterations) according to WHO 2016 and 2022
classification, risk according to ELN 2017 and 2022
classification, specific antineoplastic treatments, QFT-
TB test results, information on TB preventive treatment,
adverse events and possible pharmacological
interactions were evaluated according to Common

Terminology Criteria for Adverse Events (CTCAE v5.0).

Additional epidemiologic data were collected, such as
place of birth and living at the moment of diagnosis,
work occupation, smoking habits, comorbidities, blood
cell count at diagnosis and QFT-TB test, microbiology
studies (direct microscopy, blood, and bronchoalveolar
lavage cultures, galactomannan assay in serum or
bronchoalveolar lavage), and imaging. Data from regular
follow-up were collected: date of allogeneic stem cell
transplantation (alloHSCT) and date of death.
Computed Tomography (CT) scan was performed
using a 256-slice scanner (GE Medical System,
Revolution CT) with the following parameters: slice
acquisition 2.5 mm, reconstructed to 1.25 with soft tissue
windows for mediastinal revision and lung windows for
parenchymal revision, pitch 0.5, rotation time 0.7 s, tube
voltage 120 kVp, with adaptive mA. Two experienced

radiologists reviewed the chest CT scans to assess
whether the positivity of the QFT-TB test had a
radiological counterpart consistent with a diagnosis of
typical or atypical tuberculosis. All patients, regardless
of the results of the QFT-TB test, underwent chest CT
before starting treatment as part of the initial staging of
the disease or due to respiratory symptoms.

Ethics Approval and Consent to Participate. The review
and collection of clinical and molecular data were
performed in accordance with the protocols and written
consent approved by our institution's Institutional
Review Board (number of Ethical Committee approval:
105.23 CET2 PTV) and the guidelines set forth by the
Declaration of Helsinki.

Results. From October 2019 to August 2023, a total of
62 consecutive patients (36 male/26 female) were
included in the study, of whom 47 (76%) had Acute
Myeloid Leukemia (AML), 12 (19%) with Acute
Lymphoblastic Leukemia (ALL) and 3 (5%) with Acute
Promyelocytic Leukemia (APL). The median age at AL
diagnosis was 64 years (range 18-83). Charlson
Comorbidity Index (CCI) was used to evaluate
comorbidity burden, and the median CCI was 4 (range 2-
7).1> Of all patients, 34 (55%) underwent intensive
treatment, and 3 proceeded to alloHSCT.

QFT-TB test was performed before induction therapy
in 58 (94%) patients and before consolidation in 4 (6%)
patients. In our cohort, 7 cases (11,3%) tested positive: 6
(9,6%) before induction chemotherapy and 1 (1,6%)
before first consolidation, without any symptoms or
signs of active TB. Four patients tested indeterminate: 2
of them (both with a diagnosis of AML) tested negative
in a subsequent evaluation, while the remaining 2 (one
diagnosed with ALL and the other one with AML) were
confirmed as indeterminate.

Several variables were analyzed in an attempt to
establish a correlation with QFT-TB test results, but no
significant differences were observed, as shown in Table
1.

We then focused on potential epidemiological
indicators of the 7 patients who tested positive. Three
patients (4.8%) had occupational-related risk, but all
tested negative for the QFT-TB test, while 22 (35,5%)
patients had a smoking habit: Four (57%) of the 7 QFT-
positive patients were in this subgroup.

6 (9,6%) of 62 patients were foreign born: 2 patients
from Peru, 2 from Romania, 1 from Albania, and 1 from
Uganda. Of these, only Uganda and Peru are listed by the
World Health Organization as having high TB burden
profiles. None of the 62 patients were living in foreign
countries. Of the 6 foreign-born patients, just one (1 of
the 2 from Romania) tested positive for the QFT-TB test.
None of the 62 patients had ever been tested before for
tuberculosis, and only 1 (1,6%) of 62 patients referred
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Table 1. Variables in the study population according to QFT-TB test results.

QFT + (n=7) QFT — (n=53) p
Age Median (range) 61 (50-83) 64 (18-83) 0.3
Sex Male, n (%) 3 (43) 31 (58) 0.6
Female, n (%) 4 (57) 22 (42)
Foreign born n (%) 1(14) 6 (11) 0.9
Smoking habit n (%) 4 (57) 22 (42) 0.4
Diagnosis AML, n (%) 6 (86) 40 (75) 0.7
ALL ph+, n (%) 0 3(6)
ALL, ph-, n (%) 1(14) 7 (13)
APL, n (%) 0 3(6)
Intensive treatment™ n (%) 4 (57) 29 (55) 0.9
Treatment phase Induction, n (%) 6 (86) 50 (95) 0.6
Consolidation, n (%) 1(14) 3(5)
Neutrophils**(x10%/L) Median (range) 0,950 (0,32-3,44) 650 (20-23.600) 0.5
Lymphocytes**(x10°/L) Median (range) 1,48 (0,74-7,43) 0,92 (0,16-145,75) 0.2
Monocytes**(x10°/L) Median (range) 0,88 (0,25-5,62) 0,20 (0-51,07) 0.1
e 2 "0 2 @) «0)
Not performed, n (%) 2 (28.5) 25 (47)
Pulmonary lesion at RX n (%) 6 (86) 23 (42) 0.2
Not detected, n (%) 4 (57) 32 (58)
Pneumonia of other origin n (%) 4 (57) 25 (47) 0.8
Comorbidities HIV infection, n (%) 0 (0) 0(0)
Diabetes, n (%) 1(14) 5(9)
COPD, n (%) 0 (0) 0(0)
Previous cancer, n (%) 0(0) 5(9)

* Two patients (in the Quantiferon — group) were tested in an off-treatment setting (post-transplant). ** A blood test was performed at
Quantiferon's time. *** BAL was performed to investigate the direct or indirect presence of bacterial or fungal infection. The 2 Quantiferon +
patients were also positive for Pneumocystis jirovecii and Enterococcus faecalis in BAL. Among the 3 Quantiferon — patients, one resulted
positive for Pneumocystis jirovecii, one for Enterobacter kobei, and two for Galactomannan. Abbreviations: AML, Acute Myeloid Leukemia;
ALL, Acute Lymphoblastic Leukemia; APL, Acute Promyelocytic Leukemia; QFT, QuantiFERON-TB test; HIV, Human Immunodeficiency

Virus; COPD, Chronic Obstructive Pulmonary Disease.

previous exposure to a relative with active tuberculosis
and tested positive for the QFT-TB test. All 62 patients
were tested for HIV serology, all resulting negative.
Relevant comorbidities are listed in Table 1. None of the
62 patients was undergoing immunomodulatory or
steroid therapy at the time of the QFT-TB test.

All 7 positive patients started prophylaxis with
isoniazid 300 mg daily with pyridoxine supplementation
without any side effects; 4 (57%) of them underwent
intensive chemotherapy. No significant pharmacological
interactions were recorded, and none of the patients
required discontinuation of therapy due to side effects
possibly registered with isoniazid (hepatotoxicity,
peripheral neuropathy, neurological symptoms). In our
QFT-indeterminate subgroup of patients, no prophylaxis
was administered without any sign or symptom of
subsequent active disease. One of the two QFT-
indeterminate patients had more than 100.000/mmc
lymphoid blasts at diagnosis of ALL, while the other

patient, diagnosed with AML, had more than
10.000/mmc white blood cells at the QFT-TB test.

If lung infiltrates were detected, patients developing
febrile neutropenia underwent a chest CT scan and
bronchoalveolar lavage (BAL). Imaging, as well as
microscopic, cultural, and molecular examination on
BAL, excluded active TB when imaging showed
suspicious findings of any possible infection. M.
tuberculosis was not found on any microbiological or
molecular examination performed in QFT-positive
patients.

In accordance with the literature, radiologic signs such
as cavitation, consolidation (Figure 1), unilateral pleural
effusion, pericardial effusion, miliary nodules,
centrilobular and tree-in-bud nodules (Figure 2),
ground-glass opacity, bronchiectasis, and other more
specific signs such as galaxy and marginal sign were
sought. The imaging revision by two radiologists
demonstrated an interobserver agreement of 100% in the

www.mjhid.org Mediterr J Hematol Infect Dis 2024; 16; e2024054 Pag.4/8


http://www.mjhid.org/

Figure 1. A 76-year-old female patient with acute leukemia and
negative QFT. Computed tomography (CT) of the chest shows
pulmonary consolidation in the lower lobe of the left lung, a
radiological finding similar to tuberculoma. (Courtesy of Dr. F. Di
Giuliano and Dr. F. Chirico).

Figure 2. A 56-year-old male patient with acute leukemia and QFT
positivity. CT shows a tree-in-bud radiological pattern in the left lung,
a typical finding in post-primary TB. (Courtesy of Dr. F. Di Giuliano
and Dr. F. Chirico).

interpretation of CT patterns: 5 of the seven patients with
a positive QFT test and 5 of the total number of patients
with a negative QFT test had radiological findings
indicative of pulmonary infection (71% vs. 9%,
respectively; p < 0.001) in the context of febrile
neutropenia during induction. All patients with
pulmonary infection, regardless of their previous QFT
result, underwent BAL, and active TB was excluded
through cultural and molecular examination. Given the
peculiarity of patients, most of them being neutropenic,
radiologic evaluation was challenging, and positive
findings were generally interpreted as non-specific (e.g.,
consolidation, pleural effusion). In the 5 QFT-positive
patients, the chest CT scan showed areas of consolidation
with air bronchogram. Two of 5 showed a tree-in-bud
pattern, 2 carried pleural effusions, and one had ground
glass opacities type densitometric changes. Eventually,
tree-in-bud patterns and ground-glass opacities were
considered typical radiological signs of TB.

Over the 46-month observation period (median time

6 months, range 1 - 46 months), none of the QFT-positive
patients developed TB reactivation. Moreover, 3 (5%) of
the 62 patients underwent alloHSCT; 2 with AML
received stem cells from 10/10 HLA-identical sibling
donors, 1 with ALL underwent alloHSCT from a
haploidentical sibling donor after having received
Chimeric Antigens Receptor Cells-T (CAR-T). All 3 of
these patients were QFT-negative at diagnosis; in
addition, the Tuberculin Skin Test performed during the
pre-alloHSCT screening was negative in all 3 of them.

Discussion. It is estimated that M. tuberculosis infection
affects approximately one-third of the world's population.
TB is especially concerning for individuals with
compromised immune systems, such as patients with
hematological malignancies. The increased risk in such
a setting is due to both the underlying hematological
disease and the specific antineoplastic therapies
administered.’” Since anti-leukemia treatment could
affect the outcome of the test, with possible
indeterminate or false negative results, it seems of major
utility to evaluate QFT-TB results in the pre-treatment
setting. Moreover, LTBI patients with radiological
pulmonary lesions suspected to be related to M.
tuberculosis infection should be carefully observed
during the treatment period, given the well-recognized
risk of TB reactivation, even in a disseminated form.'8 In
our experience, 71% of patients positive for QFT also
carried radiological abnormalities consistent with TB.

A relevant issue pertains to the site of M. tuberculosis
dwelling during latent infection. It is assumed that latent
bacilli primarily reside within fibrotic pulmonary
granulomas.*® However, some studies demonstrated the
presence of M. tuberculosis DNA not only in the
macrophages of old granulomas but also in non-
professional phagocytic cells found within histologically
normal lung tissue specimens.?®?l This discovery
suggests that latent mycobacteria may also exist within
non-specialized phagocytic cells residing in other health
tissues. This finding bears a critical significance as
approximately 15% of TB reactivation cases manifest in
extrapulmonary sites.?? Taking this into consideration,
performing QFT-TB test in the pre-treatment setting and
subsequent TB preventive therapy appears extremely
important also for those patients without pulmonary
lesions.

Patient-specific factors, such as diabetes, exposure to
indoor  air  pollution, alcohol consumption,
immunosuppressive drugs, and smoking, need to be
considered possible contributors to the transition from
LTBI to the development of active TB. These factors are
in addition to widely acknowledged risk factors, e.g.,
HIV infection, malnutrition, and young age. Moreover,
socioeconomic and behavioral habits have been shown
to heighten susceptibility to TB infection.?

The diagnosis of LTBI is commonly achieved
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through two widely used methods: the Tuberculin Skin
Test (TST) and Interferon Gamma Release Assays
(IGRAS), including the QFT-TB test. In individuals with
intact immune systems, the QFT-TB test displays
sensitivity similar to the TST but offers improved
specificity when it comes to LTBI diagnosis. QFT-TB
offers several advantages: it provides numerical results,
reduces the potential for bias in interpretation, and does
not yield false-positive results due to prior Bacillus
Calmette-Guérin (BCG) vaccination. Additionally,
QFT-TB offers convenience, eliminating the need for a
follow-up visit to interpret the results, resulting in more
effective and less expensive than TST.% Nonetheless, a
notable drawback of the QFT-TB test is its inability to
provide a clear interpretation of the response to TB-
specific antigens when an indeterminate result occurs.
Abnormalities in the number and differentials of white
blood cells have been found to be possible predictors of
indeterminate results.?

As regards preventive treatment, few studies have
been carried out to evaluate toxicity, adherence to
treatment, and possible pharmacological interactions.?’
Notably, the latest guidelines on the management of M.
tuberculosis infections in patients with hematological
malignancies point out the possibility of administering
TB preventive therapy in selected cases regardless of
TST or IGRA status, considered at high risk of TB
infection (e.g., patients with close and long-lasting
contact with active pulmonary or laryngeal tuberculosis).
On the other hand, they suggest evaluating the prognosis
of the hematological malignancy and patients'
characteristics, especially age and therefore decide
whether to omit LTBI treatment in individuals with poor
prognosis.?

As regards which preventive therapy to use,
international guidelines point out the non-inferiority of
regimens containing rifamycin in terms of efficacy
compared with isoniazid; nevertheless, shorter
rifamycin-based treatment shows an improvement in
adherence and completion rates.?**® However, drug-to-
drug interactions remain still a concern, not only
considering the anti-leukemia specific drugs (e.g.,
daunorubicin) but also for the relative prophylaxis (e.g.,
posaconazole) due to the documented CYP450 induction
by rifampin.3! Therefore, in our institution, we consider
it more practical to administer isoniazid as a preventive
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