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Abstract

Introduction: Malignancies are among the most important risk factors for progression of latent tuberculosis (TB) to active disease. The tuberculin
skin test (TST) has been used worldwide for the diagnosis of latent TB. New T-cell-based interferon-gamma release assays such as QuantiFERON-
TB Gold In-Tube (QFT-GIT) have yielded promising results in this regard, but little information is available on their use in hematopoietic stem cell
recipients. The aim of this study was to evaluate the agreement between QFT-GIT and TST in the diagnosis of latent TB in hematopoietic stem cell
transplantation (HSCT) candidates.

Materials and Methods: Patients who underwent HSCT in our hospital between November 1, 2013 and July 31, 2015 were retrospectively evaluated
from patient files. Those who had both QFT-GIT and TST before transplantation were included in the study. Isoniazid prophylaxis was initiated one
week before transplantation and continued for nine months for patients with positive results in one or both tests. The kappa (k) coefficients were
calculated to analyze the agreement between two tests.

Results: The study included 122 patients, (53.3% autologous and 46.7% allogeneic hematopoietic stem cell recipients). The median age was 43.5
years (25-75% IQR: 30-54) and 73% were men. Bacillus Calmette-Guérin (BCG) scars were seen in 84.4% of the patients. Tuberculin skin test and
QFT-GIT test were positive in 38 (31.1%) and 26 (21.3%) of the patients, respectively. Both TST and QFT-GIT were positive in 17 patients (13.9%).
There was no statistically significant relationship between the two tests and BCG scars. Statistically significant, fair agreement was found between
positive TST and QFT-GIT results (k=0.37 and p<0.001). Patients were followed until July 2018. The median follow-up time of all patients was 39
months (IQR: 10.8-49.0). None of the patients developed active TB during follow-up, but 44.3% of the patients died due to malignancy and/or
opportunistic infections.

Conclusion: Further research is needed to demonstrate the agreement between these two tests in the diagnosis of latent TB in HSCT patients. For
now, the combination of these two tests seems to be most rational for these patients.
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Giris: Maligniteler latent tliberkiilozun (TB) aktif hastaliga ilerlemesinde dnemli risk faktorleri arasinda yer almaktadir. Tuberkilin deri testi (TDT)

latent TB tanisinda tiim diinyada yaygin olarak kullaniimaktadir. Yeni T-hiicre bazli interferon-gama salinim testleri, 6rnegin; QuantiFERON-TB Gold
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In-Tube (QFT-GIT) bu konuda Gimit verici sonuclar verse de hematopoetik kk hiicre alicilarinda (HKHN) kullanimlari hakkindaki bilgiler sinirlidir. Bu
calismada HKHN adaylarinda latent TB tanisinda QFT-GIT ile TDT arasindaki uyumun degerlendirilmesi amaclanmistir.

Gerec ve Yontem: Hastanemizde, 1 Kasim 2013-31 Temmuz 2015 tarihleri arasinda kdk hiicre nakli yapilan hastalar retrospektif olarak degerlendirildi.
Hastalara ait bilgiler kayitli dosyalar vasitasi ile incelendi. Kok hiicre nakli éncesi her iki testin yapildi§i hastalar calisma kapsamina alindi. Testlerden
herhangi birinin veya her ikisinin pozitif olmasi durumunda, nakilden bir hafta 6nce izoniazid profilaksisi baglandi ve dokuz ay siireyle devam edildi.
iki test arasindaki uyumu analiz etmek icin kappa (k) katsayilari hesaplandi.

Bulgular: Toplam 122 hasta calismaya alindi, (%53,3'i otolog ve %46,7'si allojeneik HKHN alicilari). Ortanca yas 43,5 yil (%25-75 |QR: 30-54) ve
73" erkekti. Bacillus Calmette-Guérin (BCG) skari hastalarin %84,4'tinde, pozitif TDT ve QFT-GIT ise sirayla 38 (%31,1) ve 26 (%21,3) hastada tespit
edildi. Hastalarin 17'sinde (%13,93) iki test birlikte pozitif idi. Bu iki test ile BCG skar varligi arasinda istatistiksel olarak anlamli bir iliski bulunamadi.
Pozitif TDT ile QFT-GIT sonuglari arasinda istatistiksel olarak anlamli orta derecede bir uyum saptandi (k=0,37 ve p<0,001). Hastalar Temmuz 2018'e
kadar takip edildi. Hastalarin medyan takip siiresi 39 ay (IQR: 10,8-49,0) idi. Hicbir hastada aktif TB gelismedi. Bu stirecte hastalarin %44,26's
malignite ve/veya firsatci enfeksiyonlardan dolayi hayatini kaybetti.

Sonuc: HKHN hastalarinda latent TB tanisinda iki test arasindaki uyumu gostermek icin daha ileri arastirmalara ihtiyag vardir. Simdilik bu hastalarda

iki testin birlikte kullanimi daha rasyonel bir uygulama olarak gériinmektedir.
Anahtar Kelimeler: Koruyucu tip, purified protein derivative testi, profilaksi, korelasyon analizi, Mycobacterium tuberculosis

Introduction

Tuberculosis (TB) is an old disease that has affected humans for
thousands of years!", It is an infectious disease caused by the
bacillus Mycobacterium tuberculosis. It typically affects the
lungs (pulmonary TB), but may also affect other organ systems
(extrapulmonary TB)®.Tuberculosis is one of the 10 most fatal
diseases worldwide. Millions of people continue to become
infected with TB each year. It is estimated that nearly one-third
of the world's population have latent M. tuberculosis infection.
There were an estimated 10 million incident cases of TB (range,
9.0-11.1 million), equivalent to 133 cases (range, 120- 148) per
100,000 population globally in 2017 according to the 2018
Global Tuberculosis Report®. In 2017, TB caused an estimated
1.3 million deaths (range, 1.2-1.4 million) among HIV-negative
people and there were an additional 300 000 deaths from TB
(range, 266,000-335,000) among HIV-positive people. In this
report, the estimated TB incidence and mortality rates in Turkey
(2017) were 17/100,000 (14-19/100,000) and 0.53/100,000
(0.48-0.59), respectively (including HIV-positives). People with
latent TB infection (LTBI) are asymptomatic. Considering that
5-10% of LTBI may progress to active TB at any time of life,
timely identification of LTBI is important for prevention of
progression to active disease. One of the important risk factors
for this progression is immunosuppressive states such as HIV
infection, malignancies, cancer chemotherapies, and systemic
corticosteroid therapy!®.,

Hematopoietic stem cell transplant (HSCT) recipients are
at risk of bacterial, viral, and fungal infections due to their
underlying malignancy, chemotherapy regimens, and graft-
versus-host disease. Tuberculosis is common among these
patients, especially in regions with an intermediate-to-high TB
burden!®. The incidence of TB in HSCT recipients is reported to
range between 0.1% and 3%, depending on the prevalence of
TB in the general population, and is 10-40 times greater than
in the general population”. The mortality rate may be as high
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as 25% because of delayed diagnosis and treatment. Identifying
individuals with LTBI in order to prevent progression to active
TB is especially important in allogeneic HSCT®. The tuberculin
skin test (TST) has been used worldwide for more than a century
for diagnosing both LTBI and active TB, but has some limitations
such as improper administration of purified protein derivative,
cross- reactivity with nontuberculous mycobacteria or Bacillus
Calmette-Guérin (BCG) vaccine, and error in measuring the
size of induration of the skin reaction. Moreover, its sensitivity
in immunocompromised hosts is low due to anergy. The new
T-cell-based interferon-gamma release assays (IGRAs), such as
QuantiFERON-TB Gold In-Tube (QFT-GIT) and T-SPOT TB tests
for diagnosing LTBI have given promising results, but little
information is available on their use for the diagnosis of LTBI in
HSCT recipients!6-1,

In this study, we evaluated the agreement between the QFT-GIT
test and TST in the diagnosis of LTBI in HSCT candidates in an
oncology educational hospital.

Materials and Methods

All patients who underwent HSCT in our medical center between
November 1, 2013 and July 31, 2015 were retrospectively
evaluated. Clinical and laboratory findings of the patients were
obtained from follow-up files in the Department of Infectious
Disease and Clinical Microbiology and the Department of Blood
and Marrow Transplantation. The standard of care at our center is
to test these patients for LTBI. Each patient meets with a trained
nurse, a hematologist, and an infectious diseases specialist and
undergoes evaluation for BCG vaccination status, chest X-ray
(CXR), TST, and QFT-GIT at least two weeks before the scheduled
HSCT. All patients were informed of the nature of the tests, and
their written informed consent was obtained.

In the presence of abnormal CXR or positive TST or QFT-GIT, sputum
(if present) acid-fast bacilli smears, culture, and polymerase chain
reaction for M. tuberculosis and computed tomography scans
were performed to rule out active pulmonary TB.
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All patients aged =18 vyears who underwent HSCT for
hematological malignancy were included in the study. Patients
under 18 years of age and patients with active TB, HIV infection,
or immunodeficiency disorders other than hematological
malignancy were excluded. The study was approved by the
Institutional Review Board of Dr. Abdurrahman Yurtarslan Ankara
Oncology Training and Research Hospital (20033663/4057-
22.04.2016). Blood samples were collected from all the patients
for QFT-GIT test (Cellestis Limited, Carnegie, Australia) before
performing TST to avoid a possible boosting effect of the TST on
the QFT-GIT test!'2. We used the criteria for positive, negative,
and indeterminate results recommended by the manufacturer
in QFT-GIT test. The criterion for a positive TST was >5 mm
induration 48-72 h after injection. Grades of lymphocytopenia
based on absolute lymphocyte counts (ALCs) were assigned
according to the common terminology criteria for adverse
events: grade 1: ALC >800/mm? to the lower limit of normal;
grade 2: ALC=500-799/mm?; grade 3: ALC=200-499/mm?; and
grade 4: ALC <200/mm?®.

In patients with TST >5 mm and/or positive QFT-GIT, isoniazid
(INH) prophylaxis was initiated 1 week before transplantation
and continued for nine months.

Statistical Analysis

IBM SPSS version 23 statistical program (SPSS IBM, Armonk,
NY, USA) was used for statistical evaluations and descriptive
information was shown as number and percentage distributions.
Kappa (k) coefficients were calculated to analyze the agreement
between the TST and QFT-GIT test. Based on these x values,
agreement was classified as excellent (0.81-1.00), good (0.61-
0.80), moderate (0.41-0.60), fair (0.21-0.40), or poor (0.01-0.20)
6131 A p value of <0.05 was considered as statistically significant.

A total of 122 patients, comprising 65 (53.3%) autologous and
57 (46.7%) allogeneic HSCT recipients, were enrolled in the
study. The patients' clinical characteristics are shown in Table
1. Median age was 43.5 years (25-75% IQR: 30-54), 89 (73%)
were men and 33 (27%) were women. A total of 103 (84.4%)
of the patients had BCG vaccination scars. Tuberculin skin test
indurations >5 mm were seen in 38 of 122 patients (31.1%).
Positive QFT-GIT results were detected in 26 of 122 patients
(21.3%). Both TST and QFT-GIT positivity were detected in 17 of
122 patients (13.9%).

TST induration was >5 mm in 28.2% (29/103) of patients with
BCG scar and 47.4% (9/19) of patients without BCG scar.
There was no statistically significant relationship between TST
positivity and BCG scars (chi-square test, p=0.097).

Positive QFT-GIT test was found in 20.4% (21/103) of patients
with BCG scar and 26.3% (5/19) of patients without BCG scar.
No statistically significant relationship was found between QFT-
GIT positivity and BCG scars (Fisher's Exact test, p=0.551).

In comparison of QFT-GIT test with standard TST, QFT-GIT was
positive in 44.7% (17/38) of TST-positive patients (sensitivity).
However, this test identified 89.3% (75/84) of TST-negative
patients as negative (specificity) (Table 2). Statistically
significant, fair agreement was found between TST (induration
size >5 mm) and QFT-GIT test results (k=0.37 and p<0.001) in
our patients (Table 2).

Abnormal CXR findings were found in 14 (11.5%) patients,
including one with history of adequately treated TB and one
with history of inadequately treated TB. None had active TB
according to the criteria described in the Materials and Methods
section, so were not excluded from the study. Tuberculin skin
test >5 mm and positive QFT-GIT results were detected in 7
(50%) and 8 (57.1%) patients with abnormal CXR, respectively.
These differences were not statistically significant.

Table 1. Clinical charactristics of the study population

Characteristic n=122 (%)
Age (years), median 43.5 (25-75% IQR: 30-54)
Male gender 89 (73.0)
Presence of BCG scar 103 (84.4)
Type of transplantation

Allogeneic 57 (46.7)
Autologous 65 (53.3)
Underlying hematologic

malignancy 19 (15.6)
ALL 23 (18.9)
AML 21 (17.2)
HL 3(2.5)
CLL 2 (1.6)
CML 2(1.6)
MDS 27 (22.1)
MM 25 (20.5)
NHL

Grade of lymphocytopenia

Grade 1 90 (73.8)
Grade 2 22 (18.0)
Grade 3 9(7.4)
Grade 4 1(0.8)
TST (=5 mm) 38 (31.1)
Positive QFT-GIT 26 (21.3)

BCG: Bacille Calmette-Guérin, ALL: Acute lymphoblastic leukemia, AML: Acute myeloid
leukemia, HL: Hodgkin's lymphoma, CLL: Chronic lymphocytic leukemia, CML: Chronic
myeloid leukemia, MDS: Myelodysplastic syndromes, MM: Multiple myeloma, NHL:
Non-Hodgkin lymphoma, TST: Tuberculin skin test, QFT-GIT: QuantiFERON-TB Gold In-
Tube
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Table 2. Analysis of correlation between QuantiFERON-TB Gold In-Tube test and tuberculin skin test in the study population

(n=122) by kappa coefficient test

n % Cohen's « test
k value p value Interpretation
Sensitivity 17/38 44.7 0.37 <0.001 Fair agreement
Specificity 75/84 89.3
PPV 17/26 65.4
NPV 75/96 78.1

PPV: Positive predictive value, NPV: Negative predictive value, k: Kappa

Additional subgroup analyses are shown in Table 3. Moderate
agreement between the two tests was found for men (k=0.45,
p<0.001), whereas the relationship was not significant for women
(p=0.909). Good agreement between the QFT-GIT test and TST was
observed in the 40-49 and 60-69 age groups (k=0.69, p<0.001
and kx=0.65, p<0.023, respectively). There was also moderate
agreement in the 20-29 age group (k=0.45, p<0.040). In the
other age groups, there was no statistical relationship between
the two tests. Agreement between the two tests was moderate
in the presence of BCG scar (k=0.57, p<0.006) and fair in the
absence of BCG scar (k=0.32, p<0.001). There was a statistically
significant fair to moderate relationship between the two tests
only in grade 1 lymphocytopenia (k=0.42, p=0.001). Agreement
was moderate in patients with autologous transplantation but
fair in allogeneic transplantation (k=0.43, p<0.001 vs k=0.27,
p<0.030). Statistically significant relationship between two
tests with moderate agreement was shown in patients with
acute myeloid leukemia, multiple myeloma, and non-Hodgkin
lymphoma (Table 3).

Patients were followed until July 2018. The median follow-up
period of all patients was 39 months (IQR: 10.8-49.0 months).
During the follow-up period, 54 (44.3%) patients died due to
progression of underlying malignancy and/or opportunistic
infections. However, active TB did not develop in any patient.

In this study, we have compared the results of the QFT-GIT
test and the TST in HSCT candidates in Turkey, a country with
intermediate TB burden. We found fair agreement between the
two tests in the diagnosis of LTBI in this group of patients.

Despite advances in management and supportive care of
patients with HSCT, infections are still reported as the primary
cause of death in 8% of autologous and 17-20% of allogeneic
HSCT recipients. Severe suppression of cellular immunity in
HSCT patients increases the risk of mycobacterial as well as viral,
bacterial, and fungal infections. The incidence M. tuberculosis
infection in HSCT recipients varies from 0.0014% in the USA
to 16% in Pakistan, and was reported as 1.6% in Spain and

Turkey!™. At least 25% of M. tuberculosis infections in HSCT
recipients result from reactivation of LTBIs!'519,

Clinical and radiological evaluations, microscopy and culture of
clinical samples, and molecular assays are still the most important
diagnostic tools for active TB. Although there is no "gold
standard” test to confirm a diagnosis of LTBI, approximations
of sensitivity (true positive) and specificity (true negative) can
be made by testing populations with known characteristics!'”-',
Because the traditionally used TST exhibits cross-reactivity
with nontuberculous mycobacteria or BCG vaccination, the
diagnostic sensitivity of TST for active and latent TB may be low
in regions such as Turkey that practice routine BCG vaccination.
On the other hand, the immunosuppressed state of cancer and
HSCT patients may also reduce the sensitivity of TST during the
evaluation of immunity due to BCG vaccination or LTBI in these
patients by attenuating the TST responsel'”). Therefore, tests
with high specificity and sensitivity are especially necessary for
the diagnosis of LTBI in these patients, who may need follow-
up or chemoprophylaxis against TB prior to immunosuppressive
treatment and transplantation.

Recently developed T-cell-based IGRAs (e.g., QFT-GIT and T-SPOT)
may overcome some of the limitations of TST and can be used as
a replacement or adjunct to the TST because they do not cross-
react with vaccine strains or nontuberculous mycobacterial®-2,
Since the introduction of IGRAs, an increasing number of studies
have examined their performance, specificity, and sensitivity
in comparison to TST for the identification of LTBI. However,
limited data are available regarding the use of IGRAs for testing
immunocompromised patients. In a prospective study conducted
by Lee et al.”!; IGRA-positive HSCT recipients had a higher risk
of progression to active TB than IGRA-negative patients. In the
subgroup that underwent both TST and IGRA, none of the TST-
positive HSCT recipients developed TB after transplantation.
Their data suggested that IGRA is a more sensitive and specific
test for predicting active TB after transplantation than the TST.
Many factors interfere with T-cell function and may affect the
sensitivity of the IGRA in transplant recipients, including various
immunosuppressive drugs, corticosteroids, chemotherapy, and
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Table 3. Agreement between the QuantiFERON-TB Gold In-Tube test and tuberculin skin test according to patient characteristic

Characteristics Subgroups Cohen's ¥ agreement between TST and QFT-GIT
Kappa value p value Interpretation

Gender Female 0.20 *0.909

Male 0.45 <0.001 Moderate agreement
Age groups (years) **10-19 - -

20-29 0.45 0.040 Moderate agreement

30-39 0.01 *0.572

40-49 0.69 0.001 Good agreement

50-59 0.27 *0.102

60-69 0.65 0.023 Good agreement
BCG scars Present 0.57 0.006 Moderate agreement

Absent 0.32 <0.001 Fair agreement
Lymphocytopenia Grade 0 0.29 *0.084

Grade 1 0.42 0.001 moderate agreement

Grade 2 0.30 *0.150

Grade 3 0.36 *0.284

*Grade 4 - -
Type of transplantation Allogeneic 0.27 0.030 Fair agreement

Autologous 0.43 <0.001 Moderate agreement
Underlying hematological malignancy ALL 0.09 *0.656

AML 0.53 0.004 Moderate agreement

HL 0.08 *0.694

*CLL - -

*CML - -

*MDS - -

MM 0.52 0.007 Moderate agreement

NHL 0.57 0.004 Moderate agreement

*Not statistically significant.

**Could not be evaluated due to small sample size.

BCG: Bacille Calmette-Guérin, ALL: Acute lymphoblastic leukemia, AML: Acute myeloid leukemia, HL: Hodgkin's lymphoma, CLL: Chronic lymphocytic leukemia, CML: Chronic myeloid
leukemia, MDS: Myelodysplastic syndromes, MM: Multiple myeloma, NHL: Non-Hodgkin lymphoma, TST: Tuberculin skin test, QFT-GIT: QuantiFERON-TB Gold In-Tube, k: Kappa

the hematologic disease itself?. In a study of patients with
rheumatic disease planned to receive tumor necrosis factor-a
blocking agents, the specificity of QFT-GIT was 85.7% and
sensitivity was 73.9%. The authors concluded that QFT-GIT was
a useful alternative to TST for the diagnosis of LTBI due to its
specificity and sensitivity??. We compared the QFT-GIT test
with standard TST in this regard and found that in comparison
to TST results, the QFT-GIT test showed higher specificity than
sensitivity (89.3% vs 44.7%) (Table 2).

Published comparisons have not reported consistent
agreement between QFT-GIT and TST results in persons with
immunosuppressive conditions other than HIV infection. A
study from Turkey that analyzed the performance of the TST and
QFT-GIT in hemodialysis patients demonstrated fair to moderate

agreement between the two tests in both BCG vaccinated and
non-vaccinated patients. The authors suggested that the two
tests could be used concurrently for LTBI screening®?®. In a study
comparing QFT-GIT and TST for the detection of LTBI among
patients with systemic lupus erythematosus, the agreement
between QFT-GIT and TST (>5 mm) was 64.4% (k=0.33)24,
Studies conducted on patients with hematological malignancy
and HSCT recipients suggested that IGRAs may be more useful
screening tests for LTBI and active TB than TST?%., One prospective
study conducted in South Korea (with intermediate TB burden)
compared QFT-GIT with TST for detecting LTBI prior to HSCT
and found a slightly higher tendency for TB development after
HSCT with positive QFT-GIT (2.80 per 100 person-years) than
in those with positive TST outcomes (0 per 100 person-years).
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This difference was not statistically significant. The authors
recommended examining all patients with both modalities in
addition to other clinical criteria for LTBI (e.g., old TB lesions
on CXR images, history of inadequate TB treatment, recent TB
exposure) as the safest way to detect LTBI in HSCT recipients!®.
In our study, TST >5 mm was found in 28.2% of patients with
BCG scar and in 47.4% of patients without scar. Although this
discrepancy may be due to the immunosuppressive state of the
patients, differences were not statistically significant (chi-square
test, p=0.097). QFT-GIT positivity was not obviously different in
patients with and without BCG scars (20.4% vs 26.3%, Fisher's
Exact test, p=0.551).

A systematic review of clinical practice guidelines for the
screening and prevention of LTBl in immunosuppressed
patients reported that based on the low sensitivity of TST in
immunosuppressed patients, some guidelines suggest a two-
stage screening using IGRA and TST to increase LTBI detection
rates. In all guidelines, an individual was considered at risk for
LTBI if either TST or IGRA was positive. It has been shown that
IGRA generally performs better than TST among patients who
are immunosuppressed and had previously been vaccinated
with BCG. Either a positive TST or IGRA was considered to
be a sufficient evidence of LTBI once active TB was excluded
by further evaluations. Latent TB infection treatment was
recommended in this setting™e.

Considering the epidemiology of TB in Turkey and the immune
status of our patients, we considered treatment of LTBI in TST-
or QFT-GIT-positive patients before HSCT. Isoniazid prophylaxis
against LTBI was shown to reduce active infection development
by 75-90% and has been successfully used for this purpose in
HSCT recipients. In geographical locations where TB is prevalent,
pre-and post-HSCT follow-up for TB and the use of INH
prophylaxis should be seriously considered®?-2?. We gave INH
prophylaxis to patients with TST =5 mm and/or positive QFT-GIT
as markers of LTBI before HSCT. None of our patients developed
active TB during follow-up. We believe that this is largely due to
INH prophylaxis in TST and/or QFT-GIT positive cases.

In a study in Zambia involving 112 persons with active TB (HIV-
positive and negatives), QFT-GIT and TST were significantly
less sensitive in persons infected with HIV than in persons
not infected with HIV. In these patients, low CD4 counts were
associated with increases in false-negative TST results and
indeterminate and false-negative QFT-GIT results®?. In a study
from Turkey conducted by Cavusoglu et al.B", QFT-GIT rates
were found to be 0.33-0.62 times less positive in patients
with hematological malignancy and other immunodeficiency
conditions affecting the cellular immune response compared
to the immunocompetent group. We found moderate
agreement between the two tests only in patients with grade 1

lymphocytopenia; there was no significant relationship between
the two tests in other grades of lymphocytopenia in our study.

In Cavusoglu et al's®" study, the agreement between QFT-GIT
and TST was 71.3% for positive and 75.5% for negative cases.
The highest agreement was in the 35-64 age group®'.. We found
good agreement between the two tests in the 40-49 and 60-69
age groups.

Important limitations of our study are the small number of
patients and the provision of INH prophylaxis to both groups,
which precluded comparison of the two tests' predictive value
in terms of active TB development following HSCT.

To the best of our knowledge, there is no previous study
evaluating agreement between TST and IGRAs in HSCT candidates
in Turkey. Further and larger studies are needed to demonstrate
agreement between the two tests or the superiority of one of
them in the detection of LTBI in HSCT candidates. For now, the
combination of these two tests together with risk assessment,
radiography, and other medical and diagnostic evaluations
seems to be the most rational approach to diagnosing LTBI.
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