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ABSTRACT: Although imatinib is not considered a predisposing factor for tuberculosis (TB), the

present case report describes three patients in whom imatinib treatment for chronic myeloid

leukaemia was complicated by TB. This raises the question of whether imatinib increases

susceptibility to TB.

There are several reports suggesting that imatinib might impair the immune system, leading to a

variety of infections, including varicella zoster and hepatitis B. Control of TB in healthy individuals

is achieved through acquired immunity, in which antigen-specific T-cells and macrophages arrest

growth of Mycobacterium tuberculosis bacilli and maintain control over persistent bacilli. In the

chronic stage of the infection, CD8+ T-cells assist macrophages in controlling intracellular

mycobacteria. The T-cell receptor orchestrates this process.

The fact that tyrosine kinases play an important role in T-cell receptor signal transduction and

that imatinib has been shown to affect T-cell receptor signal transduction, presents a mechanism

by which imatinib might impair control of Mycobacterium tuberculosis; thereby leaving the host

susceptible to reactivation of tuberculosis.
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D
espite the introduction of effective anti-
biotics against Mycobacterium tuberculosis,
tuberculosis (TB) is certainly not a disease

of the past, with ,10 million new cases recorded
each year. In the Netherlands, TB is most
common in high-risk groups, these include:
foreign-born patients from countries with high
TB prevalence; HIV-infected persons; the elderly;
those in close contact with suspected TB patients;
medically underserved low-income populations;
alcoholics and intravenous drug users; and
residents of institutions, such as long-term care
facilities. Several malignancies, especially haema-
tological ones, might also lead to increased rates
of TB [1]. However, there is little or no evidence
that chronic myeloid leukaemia (CML) predis-
poses people to TB [1, 2].

Several drugs induce susceptibility to TB, such as
tumour necrosis factor-a antagonists and possibly
corticosteroids. Imatinib is a 2-phenylaminopyr-
imidine compound that selectively inhibits pro-
liferation of CML cells by blocking the tyrosine
kinase activity of the Bcr-Abl protein. Since the
IRIS study (International Randomized Study of
Interferon versus STI571) [3, 4] demonstrated

efficacy superior to interferon plus cytarabine,
imatinib is now widely used as a first-line single
agent for newly diagnosed chronic-phase CML.
Although imatinib is not considered a predispos-
ing factor to TB, the present case report describes
three patients in whom imatinib treatment for
CML was complicated by TB. A mechanism by
which imatinib may lead to increased suscept-
ibility to TB is proposed.

CASE 1
A 38-yr-old Caucasian male with a Dutch back-
ground was referred after several months of
fatigue, fever, productive cough and night sweats.
He had been diagnosed with Bcr-Abl positive CML
4 yrs earlier. This was treated with hydroxycarba-
mide (1 g twice daily) for several weeks, followed
by imatinib (800 mg daily) and two courses of
cytarabine (200 mg?m-2), which led to a complete
cytogenetic and a major haematological response.
Imatinib was continued as maintenance therapy.
Physical examination demonstrated no abnormal-
ities besides a fever. Laboratory workup showed a
normal leukocyte count of 5.06109 L-1 (normal:
4.0–10.06109 L-1) with a normal differential count
and haemoglobin measurement of 7.1 mmol?L-1
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(normal: 8.7–11.2 mmol?L-1). C-reactive protein (CRP) and
erythrocyte sedimentation rate (ESR) were not performed. A
chest radiograph revealed a large cavitating lesion in the apical
segment of the right upper lobe. The direct smear of sponta-
neously expectorated sputum was positive for acid-fast bacilli,
and TB was confirmed by PCR and Löwenstein culture.
Treatment with 2 months of pyrazinamid and ethambutol and
6 months of isoniazid and rifampicin was initiated. Within the
first 2 months of treatment all symptoms completely resolved
and the sputum smear became negative. Treatment with imatinib
was continued. The patient had travelled abroad in a group
15 yrs earlier. A fellow traveller with a persistent cough was
diagnosed at a later date with TB. At that time, screening for TB
by skin test was negative in three out of six persons, including the
current patient.

CASE 2
A 26-yr-old male African refugee was referred with a 3 month
history of backache. He had been diagnosed with Bcr-Abl
positive CML 2 yrs previously and had been treated with
hydroxycarbamide. After 2 yrs the chronic-phase CML pro-
gressed to accelerated phase and hydroxycarbamide was
replaced by imatinib (400 mg daily), which the patient has
been taking ever since. The backache was centred caudally of
the fifth thoracic vertebra, radiating to the left posterior
thoracic wall and axilla. Physical examination revealed no
abnormalities and no signs of spinal cord involvement.
Laboratory examination showed an elevated leukocyte count
12.66109 L-1 (normal: 4.0–10.06109 L-1) and low haemoglobin
7.3 mmol?L-1 (normal: 8.7–11.2 mmol?L-1). CRP was 21 mg?L-1

(normal: 1–10 mg?L-1) and ESR was 80 mm (normal: ,10 mm).
Serum glutamic oxaloacetic transaminase was 268 U?L-1

(normal: 15–35 U?L-1) and serum glutamic pyruvic transami-
nase was 391 U?L-1 (normal: 22–30 U?L-1). The Mantoux test
was not performed and HIV serology was negative. A chest
radiograph was normal besides fusion of lumbar vertebrae L1–
L2. Spinal magnetic resonance imaging with contrast enhance-
ment showed a paravertebral mass left of T8. As outlined
previously [5], this lesion was initially misdiagnosed as a
chloroma and treated with 16 Gy of radiotherapy. However,
the lesion enlarged after 2 months. Histological examination of
a surgical biopsy specimen showed caseous granulomatous
necrotic tissue, suspect for TB. Acid-fast bacilli stain and PCR
were both negative but the TB culture was positive. Treatment
was started with 2 months of pyrazinamid and ethambutol
and 6 months of isoniazid and rifampicin. All symptoms
resolved and there was no relapse.

CASE 3
A 19-yr-old male refugee from Africa with a history of post-
traumatic stress disorder and chronic unclassified psychosis
presented with fever, cough and weight loss. A year earlier he
had been diagnosed with Bcr-Abl positive CML and since then
had been treated with imatinib (400 mg daily). Haematological
response was achieved but varied with compliance to therapy.
Physical examination revealed no abnormalities other than cache-
xia. Laboratory examination showed normal leukocytes and low
haemoglobin of 6.5 mmol?L-1 (normal: 8.7–11.2 mmol?L-1), while
CRP was 83 mg?L-1 (normal: 1–10 mg?L-1). A chest radiograph
revealed a large cavitating lesion in the apical segment of the left
lower lobe. No acid-fast bacilli were found in the sputum and TB

cultures remained negative. However, the quality of the samples
was inadequate due to poor cooperation of the patient. Empirical
treatment was started with 2 months of pyrazinamid and
ethambutol and 6 months of isoniazid and rifampicin while
imatinib was continued. Because of poor initial compliance the
patient was admitted to a TB hospital for almost 5 months.
During this period he recovered well and gained 13 kg. HIV
serology was negative.

DISCUSSION
CML is a myeloproliferative disorder that arises in a hemato-
poietic stem cell or an early progenitor cell and, if left untreated,
leads to fatal blast crisis closely resembling acute myeloid or
lymphoid leukaemia. Although an association between lym-
phoid malignancies and TB has been described, this is not the
case for CML. In a retrospective review by SILVA et al. [2], 917
cases with haematological malignancies in Brazil were reviewed.
TB was diagnosed in 24 cases and most frequently in non-
Hodgkin lymphoma (NHL; 11 out of 299 cases) and chronic
lymphocytic lymphoma (five out of 67 cases), but only the latter
showed an increased odds ratio of 3.24, 95% confidence interval
1.17–8.96 (p50.03). Out of 45 CML cases only one had developed
TB. KAMBOJ and SEPKOWITZ [1] reviewed all confirmed TB cases at
the Memorial Sloan-Kettering Cancer Centre (New York, NY,
USA) from 1980 to 2004. In total, 290 cases were identified and the
calculated incidence was 50 per 100,000 persons. The incidence of
TB was highest among patients with haematological malignan-
cies, especially in non-natives. TB was diagnosed most frequently
in those with NHL, Hodgkin lymphoma and, as expected, among
severely immunosuppressed allogeneic haematopoietic stem cell
transplant recipients.

Although the diagnosis of TB was not bacteriologically
confirmed in case 3, the clinical picture and complete response
during treatment make the diagnosis highly likely. The fact
that all three patients were treated with imatinib raises the
question of whether this drug increases susceptibility to TB. To
date, only one case has been reported where neutropenia and
TB complicated treatment with imatinib for gastrointestinal
stromal tumour [6]. However, there are several reports
suggesting that imatinib might impair the immune system,
leading to a variety of infections, including varicella zoster and
hepatitis B [7–9]. In vitro studies show inhibition of the
development of CD34+ progenitor cell-derived dendritic cells
with a reduced capacity to induce a cytotoxic T-cell response
[10] and a dose-dependent reduction of the T-cell population
[11–13]. In vivo studies demonstrate reversible and dose-
dependent lymphopenia and hypogammaglobulinemia [14],
and impaired CD8 T-cell responses [15, 16]. Interestingly,
MUMPRECHT et al. [16] observed an intact control of primary
viral infections in spite of the impaired cytotoxic T-cell
response. Therefore, imatinib might not affect control of
primary infections but rather control of chronic infections. As
all three patients described herein were very likely exposed to
TB earlier, reactivation of TB was probably the case.
Furthermore, the infections that have been described during
imatinib treatment so far are also typically chronic infections
with a tendency to reactivate [7–9]. Control of TB in healthy
individuals is achieved through acquired immunity, in which
antigen-specific T-cells and macrophages arrest growth of
Mycobacterium tuberculosis and maintain control over persistent
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bacilli [17]. In the chronic stage of the infection, CD8+ T-cells
assist macrophages in controlling intracellular mycobacteria.
Activation of T-cells in response to antigens is regulated by the
T-cell receptor. The fact that tyrosine kinases play an important
role in T-cell receptor signal transduction and that imatinib has
been shown to affect T-cell receptor signal transduction [11]
presents a mechanism by which imatinib might impair control
of Mycobacterium tuberculosis, thereby leaving the host suscep-
tible to reactivation of TB.

In conclusion, imatinib clearly affects the immune system and
T-cell response in particular. This might induce reactivation of
chronic viral infections or tuberculosis. Further research is
necessary to assess whether there is an association between the
effects of imatinib on the immune system and reactivation of
tuberculosis. If this is the case, the risk of tuberculosis infection
should be assessed prior to imatinib therapy.
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