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Abstract. Patients with concurrent acute myeloid leukemia 
(AML) and active pulmonary tuberculosis (TB) exhibit certain 
characteristics; cough, phlegm, fever, hemoptysis, weight 
loss and dyspnea are common symptoms of both diseases. 
These patients often cannot tolerate traditional intensive 
chemotherapy regimens, and finding the optimal timing in the 
treatment of both AML and active pulmonary TB is complex. 
Neglecting timely treatment can lead to serious complications 
and even fatal outcomes. The present paper reports two cases 
of patients with AML who were diagnosed with active pulmo‑
nary TB. The patients received intensive anti‑TB treatment 
with isoniazid, rifampicin, pyrazinamide and ethambutol for 
10‑15 days. After three consecutive negative sputum smears, 
the patients in cases 1 and 2 were treated with a venetoclax, 
homoharringtonine and cytarabine regimen; and a venetoclax 
and azacitidine regimen for anti‑AML therapy, respectively, as 
well as individualized anti‑TB regimens of isoniazid, pyrazin‑
amide, ethambutol and quinolone. Subsequently, both patients 
achieved complete remission of AML and their active TB was 
well controlled.

Introduction

In 2022, there were 10.6 million new cases of tuberculosis 
(TB) worldwide, with 1.3 million deaths globally due to TB, 
and the number of newly‑diagnosed patients with TB in China 

was 748,000 in 2022 (1). Acute myeloid leukemia (AML) is a 
frequently fatal bone marrow stem cell cancer characterized 
by unbridled proliferation of malignant marrow stem cells 
with associated infection, anemia and bleeding (2). The basic 
treatment strategy for newly diagnosed AML remains inten‑
sive therapy based on combination chemotherapy, inducing 
a complete remission (CR) with initial therapy, followed by 
consolidation therapy after remission (3). For older adults with 
AML considered appropriate for antileukemic therapy but not 
for intensive antileukemic therapy, the ASH guideline panel 
suggests using either of the options when choosing between 
hypomethylating‑agent monotherapy and low‑dose‑cytarabine 
monotherapy  (4). Chemotherapy typically results in bone 
marrow suppression, prolonged neutropenia and a decrease in 
immune function in patients (5). Additionally, due to the weak‑
ened immune system in patients with AML, these patients 
are more susceptible to acquiring new infections and the 
reactivation of latent infections, including TB (6,7). Treating 
AML complicated by active pulmonary TB poses significant 
challenges for clinicians. Although TB is highly prevalent in 
developing countries, its common symptoms such as fever 
and lymphadenopathy may also occur in patients with AML, 
leading to delayed diagnosis in these patients with atypical 
clinical presentations (7). In terms of treatment, patients with 
AML and active TB may face multiple issues such as cumula‑
tive toxicity from various medications, drug interactions and 
an inability to tolerate traditional intensive chemotherapy 
regimens  (8). Finding the optimal timing for treatment of 
both AML and TB is complex. Our previous study reports 
the case of a patient with AML and active pulmonary TB 
who, in early 2022, was treated with a venetoclax, homohar‑
ringtonine (HHT) and azacitidine regimen, and achieved CR 
whilst achieving excellent control of the active pulmonary 
TB (9). The present study reports the diagnosis and treatment 
process of two patients with AML, which demonstrated that 
following a combination of a venetoclax‑based anti‑AML 
regimen combined with an intensive and then individualized 
anti‑TB regimen, CR was achieved as well as good control of 
active TB. A balance was observed in the treatment of these 
patients, effectively treating acute myeloid leukemia, while 
safely controlling active pulmonary tuberculosis, thus making 
it a safer treatment option.
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Case report

Case 1. A 33‑year‑old female patient was diagnosed with 
AML‑M5b (8) in March 2022 at The First Affiliated Hospital 
of Medical School of Zhejiang University (Hangzhou, 
China). Next‑generation sequencing (NGS)  (10) indicated 
AML1‑ETO‑positive and mutated fms‑like tyrosine kinase 
3 (FLT3)‑internal tandem duplication (ITD; 2.56%). The 
DNA was extracted using the QIAGEN QIAseq FX DNA 
Library Kit (cat. no. 180479; Qiagen GmbH). The samples 
were analyzed using the Agilent 2100 Bioanalyzer (Agilent 
Technologies, Inc.) to assess the integrity of the DNA and 
to determine the concentration of the sample. DNA quality 
scores were used to ensure the sample quality. The sequencing 
kits used included the NovaSeq 6000 S4 Reagent Kit v1.5 
(300 cycles; cat. no. 20028312; Illumina, Inc.), NovaSeq 6000 
S2 Reagent Kit v1.5 (300 cycles; cat. no. 20028314; Illumina, 
Inc.), NovaSeq 6000 S1 Reagent Kit v1.5 (300  cycles; 
cat.  no.  20028317; Illumina, Inc.) and NovaSeq 6000 SP 
Reagent Kit v1.5 (300 cycles; cat. no. 20028400; Illumina, 
Inc.). Paired‑end sequencing with a nucleotide length of 
150x2  bp was performed. Both strands were sequenced 
(forward and reverse). The concentration was determined 
using the NadPrep® Hybrid Capture Reagents kit [1005101; 
Nanoda (Nanjing) Biotechnology Co., Ltd.]. The target regions 
in the library were captured with a custom blood cancer panel. 
High‑fidelity DNA polymerase (KK2621; Kapa Biosystems; 
Roche Diagnostics) was used to perform PCR amplification 
of the target regions. The amplification conditions were as 
follows: 98˚C for 45 sec, 98˚C for 15 sec, 65˚C for 30 sec and 
72˚C for 30 sec with 8 cycles. After the last reaction cycle, the 
PCR reaction was further extended at 72˚C for 1 min and then 
cooled to 10˚C. The Applied Biosystems 7500 Fast Real‑Time 
PCR System (Thermo Fisher Scientific, Inc.) was used for 
detection. The loading concentration of the final library 
was ≥10 ng/µl. The software used for data analysis included 
Burrows‑Wheeler Aligner (0.7.10; https://sourceforge.net/proj‑
ects/bio‑bwa/files/), Sequence Alignment/Map (1.9; Wellcome 
Sanger Institute) and Genome Analysis Toolkit (3.5; Broad 
Institute). Lung computed tomography (CT) revealed inflam‑
mation in the upper lobe of the left lung and multiple nodules 
in both lungs, some of which were ground‑glass nodules (data 
not shown). The patient commenced chemotherapy with oral 
venetoclax (100 mg on day 1, 200 mg on day 2 and 300 mg on 
days 3‑10), intravenous HHT (3 mg on days 1‑5), intravenous 
aclarubicin (17 mg on days 1‑5) and subcutaneous cytarabine 
(70 mg on days 1‑5; VHAA) for 10 days, followed by an 18‑day 
rest (1 cycle), along with oral isoniazid (300 mg) and rifam‑
picin (450 mg) for TB prophylaxis. After two cycles of the 
VHAA regimen, bone marrow cytomorphology examination 
(Wright‑Giemsa composite stain at 25˚C for 15 min; light 
microscope) results indicated that the proportions of mature 
and immature monocytes were 4 and 1%, respectively (data 
not shown). Lung CT revealed scattered ground‑glass nodules 
in both lungs, with an increasing number of new‑onset nodules 
(data not shown). Furthermore, the T cells spot test of TB infec‑
tion (11) was positive for TB infection and Mycobacterium 
tuberculosis was detected in the sputum culture. The complete 
blood cell count showed a white blood cell count of 32.3x109/l 
(normal reference values, 3.5‑9.5x109/l), hemoglobin levels of 

65 g/l (normal reference values, 120‑170 g/l) and a platelet 
count of 102x109/l (normal reference values, 100‑300x109/l). 
After being transferred to Hangzhou Red Cross Hospital 
(Hangzhou, China) in April 2022, the patient underwent a 
chest CT scan, which revealed scattered ground‑glass nodules 
in both lungs, with increasing new‑onset nodules (Fig. 1A), and 
was treated with intensive anti‑TB therapy with oral isoniazid 
(300 mg), rifampicin (450 mg), pyrazinamide (1.25 g) and 
ethambutol (750 mg) (HRZE). After 10 days, acid‑fast bacillus 
(AFB) was not detected in the sputum. The patient was then 
treated with oral venetoclax (100 mg on day 1, 200 mg on 
day 2 and 300 mg on days 3‑10), intravenous HHT (3 mg 
on days 1‑5) and subcutaneous cytarabine (70 mg q12 h, on 
days 1‑5; V + HA) for 10 days, followed by an 18‑day rest 
(1 cycle). The anti‑TB regimen was changed to oral isoniazid 
(300 mg), pyrazinamide (1.25 g), ethambutol (750 mg) (HZE) 
with levofloxacin (500 mg). In May 2022, a lung CT suggested 
absorption of the lung lesions (Fig. 1B). The patient continued 
to receive the V + HA for antileukemia regimen and eventu‑
ally achieved CR. The patient underwent hematopoietic stem 
cell transplant (HSCT) after achieving CR and received oral 
levofloxacin (500 mg) for anti‑TB therapy for 1 year. The 
patient is followed up in the outpatient clinic every 2 weeks 
for a routine blood test. Additionally, a routine bone marrow 
cytomorphology examination is repeated once every quarter. 
As of July 2024, the patient was in good condition with no 
recurrence.

Case 2. In April 2023, a 57‑year‑old male patient was diagnosed 
with active TB at a local hospital (Yiwu Central Hospital, Yiwu, 
Jinhua, China), and Mycobacterium tuberculosis was detected 
in the sputum culture. After undergoing anti‑TB therapy with 
oral ethambutol hydrochloride, pyrazinamide, rifampicin and 
isoniazid tablet II (8 tablets per day), the complete blood cell 
count revealed a white blood cell count of 4.45x109/l (normal 
reference values, 3.5‑9.5x109/l), hemoglobin levels of 108 g/l 
(normal reference values, 120‑170 g/l) and a platelet count 
of 76x109/l (normal reference values, 100‑300x109/l). Manual 
classification (12) revealed that 13% of cells were primitive. 
The patient was transferred to the Department of Oncology 
and Hematology (Hangzhou Red Cross Hospital, Hangzhou, 
China) in April 2023 for TB, and lung CT indicated TB 
in the upper lobes of both lungs (Fig. 1C). The patient was 
treated with regular intensive anti‑TB therapy using the oral 
isoniazid (300 mg), rifampicin (600 mg), pyrazinamide (1.0 g) 
and ethambutol (750 mg) (HRZE) regimen. Furthermore, the 
patient was diagnosed with AML‑M2a (8). NGS (10) indicated 
double mutation of CCAAT enhancer binding protein α and 
isocitrate dehydrogenase (IDH)2. Regular anti‑TB therapy 
with the HRZE regimen was administered for 15 days, and 
no AFB was detected in any of the three sputum smears. 
Subsequently, the anti‑TB regimen was changed to oral 
isoniazid (300 mg), pyrazinamide (1.0 g), ethambutol (750 mg) 
(HZE) and moxifloxacin (400 mg), along with antileukemia 
therapy that included oral venetoclax (100  mg on day  1, 
200 mg on day 2 and 300 mg on days 3‑21) and subcutaneous 
azacitidine (100 mg on days 1‑7; VA) for 21 days, followed by 
a 7‑day rest (1 cycle). The bone marrow test after one cycle of 
treatment suggested primitive granulocytes of 1.0 and promy‑
elocytes of 1.0. Flow cytometry of bone marrow (13) aspirates 
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revealed no abnormal cells (Fig. S1). The marrow sample was 
mixed with EDTA anticoagulant and the following antibodies 
were added for incubation in a dark environment at room 
temperature for 15 min: CD10‑mFlour450 (cat. no. S010MF14; 
Capr ico Biotechnologies),  CD117‑al lophycocyanin 
(APC)‑A750 (cat.  no.  A80249; Beckman Coulter, Inc.), 
CD11b‑APC (cat. no. 652819; BD Biosciences), CD11c‑PC7 
(cat. no. B36300; Beckman Coulter, Inc.), CD123‑phycoerythrin 
(PE) (cat.  no.  649453; BD Biosciences), CD13‑PC7 
(cat. no. 338425; BD Biosciences), CD13‑PE (cat. no. 347406; 
BD Biosciences), CD14‑PC5 (cat.  no.  A70204; Beckman 
Coulter, Inc.), CD15‑FITC (cat. no. 340703; BD Biosciences), 
CD16‑mFlour450 (cat. no. IM0814U; Beckman Coulter, Inc.), 
CD19‑PC7 (cat. no. 348804; BD Biosciences), CD20‑APC‑A750 
(cat. no. 641396; BD Biosciences), CD22‑APC (cat. no. 340932; 
BD Biosciences), CD33‑PC5.5 (cat. no. A70198; Beckman 
Coulter, Inc.), CD34‑APC (cat.  no.  IM2472U; Beckman 
Coulter, Inc.), CD36‑FITC (cat.  no.  B49201; Beckman 
Coulter, Inc.), CD38‑PC5 (cat. no. A70205; Beckman Coulter, 
Inc.), CD3‑APC (cat.  no.  Z6410048; Beijing Quantobio 
Biotechnology Co., Ltd.), CD45‑mFluor540 (cat. no. 340942; 
BD Biosciences), CD4‑APC‑A750 (cat.  no.  340672; BD 
Biosciences), CD56‑PC5.5 (cat.  no  B49189; Beckman 
Coulter, Inc.), CD5‑PC7 (cat. no. 348790; BD Biosciences), 
CD64‑APC‑A750 (cat. no. B96769; Beckman Coulter, Inc.), 
CD7‑PE (cat. no. 340656; BD Biosciences), CD8‑FITC (cat. 
no. S008FI04; Caprico Biotechnologies), HLA‑DR‑mFlour450 
(cat. no. Z6410082; Beijing Quantobio Biotechnology Co., 
Ltd.), kappa‑FITC (cat.  no.  643774; BD Biosciences) and 
lambda‑PE (cat. no. 642924; BD Biosciences). Lysis buffer 
(2,000 µl) was added to each tube, followed by incubation at 
room temperature for 10‑15 min and centrifugation at 160 x g 
for 5 min at room temperature. The supernatant was discarded 
and PBS (1,000 µl) was added, followed by centrifugation 
at 160 x g for 5 min at room temperature. The washing proce‑
dure was repeated once more. After discarding the supernatant 

again, the cells were resuspended with an appropriate volume 
of PBS (500‑2,000  µl) based on the cell concentration. 
Specimens were examined using flow cytometry (BD Facs 
Canto II; BD Biosciences) after mixing. The detected data 
were analyzed using Kaluza software (version no. A82959; 
Beckman Coulter, Inc.). A CR without significant infection 
due to agranulosis was achieved after clinical evaluation. 
The patient was on the fourth cycle of the VA regimen whilst 
continuing the anti‑TB therapy, and the blood concentration 
of venetoclax fluctuated between 1,270 and 4,580 ng/ml. The 
results of the bone marrow test and flow cytometry (13) were 
normal (Fig. S2), and no significant agranulosis was observed. 
Lung CT indicated TB in the upper lobes of both lungs, with 
a certain degree of absorption compared with the condition 
at the time of admission (Fig. 1D). The patient continued the 
anti‑TB therapy with HZE and moxifloxacin for 1 year and 
the patient is being treated with the VA regimen. The patient 
continues to be hospitalized every 28 days for examination and 
treatment until such time as the disease recurs or the current 
treatment regimen becomes intolerable. As of July 2024, the 
patient was in good condition.

Discussion

Due to the uniqueness of Mycobacterium tuberculosis, 
balancing the timing of treatment for AML and active TB 
is a great challenge for clinicians. A previous study reported 
15 patients with active TB at the time of initial AML diag‑
nosis in whom the first induction chemotherapy lasted for 
2 months  (14). TB was controlled and leukemia went into 
remission in 13 patients, but the other 2 patients did not achieve 
remission and subsequently died. However, the aforementioned 
study included few cases and, to the best of our knowledge, 
there are no large‑scale studies or guidelines for clinical 
work guidance. When diagnosing pulmonary TB, clinicians 
should carefully collect medical history, understand whether 
there is a history of contact with pulmonary TB, and perform 
detailed physical examinations, chest imaging, tuberculin skin 
tests and laboratory tests (15). It is not appropriate to consider 
only TB recurrence when the patient has been diagnosed with 
pulmonary TB in the past and when the number of lung lesions 
increases, as patients with AML can have one or many concom‑
itant pulmonary concomitant diseases (16‑19). However, when 
diagnosing pulmonary TB, it is necessary to differentiate it 
from other lung diseases, such as lung cancer, chronic pulmo‑
nary aspergillosis (CPA) and pulmonary leukemic infiltration 
(PLI). Clinical symptoms serve a crucial role in the differ‑
ential diagnosis between TB and lung cancer. For instance, 
cough, phlegm, fever, hemoptysis, weight loss and dyspnea are 
common symptoms of both diseases; however, sudden weight 
loss, hemoptysis and a history of smoking are more common in 
lung cancer. Nevertheless, the diagnosis of TB and lung cancer 
still requires comprehensive analysis through pathological 
and microbiological tests (16). Additionally, pulmonary CT 
has good application value in distinguishing between TB and 
lung cancer alone (17). The clinical manifestations of CPA, 
such as weight loss, fatigue, fever, chronic coughing, chest 
discomfort and occasional hemoptysis, are similar to those of 
most patients with TB. The diagnosis of TB and CPA infection 
still requires a comprehensive analysis combining etiological 

Figure 1. Chest CT in case 1 and case 2. (A) As indicated by the red arrow, in 
April 2022, lung CT revealed scattered ground‑glass nodules in both lungs, 
with increasing new‑onset nodules, in case 1. (B) As indicated by the red 
arrow, in May 2022, lung CT demonstrated absorption of lung lesions in 
case 1. (C) As indicated by the red arrow, in April 2023, lung CT indicated 
TB in the upper lobes of both lungs in case 2. (D) As indicated by the red 
arrow, in August 2023, lung CT indicated TB in the upper lobes of both lungs 
with a certain degree of absorption compared with the condition at the time 
of admission in case 2. CT, computed tomography; TB, tuberculosis.
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examination and radiographic examination (18). PLI is most 
commonly manifested as nodules or masses, but interstitial 
abnormalities, such as thickening of bronchovascular bundles, 
are also seen. Clinical confirmation requires radiographic 
examination and lesion biopsy (19,20). However, a previous 
study (19) suggests that PLI often occurs in the terminal stage. 
In the 2 cases in the present study, the platelet counts of the 
patients were low, making percutaneous biopsy impractical. 
However, after anti‑TB treatment, the pulmonary lesions in 
the 2 patients were notably reduced in size. Moreover, sputum 
cultures for AFB were positive with conversion to negative. 
Therefore, we hypothesize that the pulmonary infection in the 
patients was active TB.

A total of four drugs are usually used simultaneously 
during the intensive phase of anti‑TB therapy. This is due to the 
stronger synergistic bactericidal effect that is capable of killing 
a larger number of reproducing Mycobacterium tuberculosis 
in <2 weeks, thereby triggering a significant decline in its viru‑
lence (21). In the 2 cases in the present study, venetoclax‑based 
antileukemia regimens combined with individualized anti‑TB 
regimens were commenced after 10‑15  days of intensive 
anti‑TB therapy with the HRZE regimen and three negative 
sputum cultures. Eventually, the AML went into remission, 
and the active TB was well‑controlled without any significant 
adverse effects. Therefore, the venetoclax‑based antileukemia 
regimens combined with individualized anti‑TB therapy that 
were administered to the 2 patients after a short period of 
intensive anti‑TB therapy, were practically feasible.

Patients with concurrent AML and active pulmonary TB 
cannot tolerate traditional intensive therapy (8). Therefore, 
physicians must consider choosing the best combination 
therapy. AML cells are dependent on Bcl‑2 for survival, and 
the inhibitory effect of venetoclax can induce the endogenous 
apoptotic pathway, leading to rapid apoptosis of AML cells 
and eradication of leukemic stem cells in the stationary 
phase (22,23). Azacitidine increases the sensitivity of AML 
cells to T cells, making them more susceptible to T cell‑medi‑
ated cytotoxicity (24). The VA regimen achieves improved 
therapeutic effects and is the standard treatment for newly 
diagnosed patients with AML who are unsuited for intensified 
chemotherapy (8). Additionally, the VA regimen can overcome 
certain high‑risk genes such as FLT3‑ITD and IDH1/2, but has 
poor efficacy for certain genes such as FLT3‑tyrosine kinase 
domain (TKD) (25,26). The patient in case 2, who did not 
have a FLT3 mutation, received the VA regimen and achieved 
CR with just one course. Our previous report described a 
case in which the patient was diagnosed with AML‑M5b, 
accompanied by mutations in DNA methyltransferase 3α, 
FLT3‑TKD and IDH2, as well as active pulmonary tubercu‑
losis (9). The response to the VA regimen of the patient was 
evaluated as no response. A study has shown that HHT can 
inhibit the anti‑apoptotic proteins myeloid cell leukemia 1 
and Bcl‑xL and synergistically exerts anti‑AML effects with 
venetoclax (27). Li et al (28) elucidated the high sensitivity 
of FLT3‑mutated AML to HHT treatment. The patient in our 
previous report was then administered HHT in addition to the 
VA regimen, forming the VA+H regimen, which resulted in a 
CR, followed by a HSCT (9). Zhou et al (29) reported that the 
overall response rate (CR + partial response) of the venetoclax 
combined with HHT, cytarabine and aclacinomycin (VHAA) 

regimen was 97.5% and the CR rate was 95.0% (29); however, 
the VHAA regimen is associated with severe bone marrow 
suppression, and the common adverse reactions are infections 
and fever (29). A recent study by Liu et al (30) reported that 
the CR rate of venetoclax combined with HHT and cytara‑
bine (V + HA) was as high as 97.9% in elderly or intensive 
chemotherapy ineligible patients with newly diagnosed AML. 
The patient in case 1 received the VHAA regimen followed 
by the V + HA regimen, achieved CR, and underwent HSCT. 
Therefore, after achieving CR with a venetoclax‑based 
anti‑AML regimen, high‑risk patients are recommended to 
undergo HSCT as soon as possible. Low‑risk patients can be 
treated with venetoclax‑based regimen. After stable TB control 
is achieved at 6 months, patients can be treated with a standard 
anti‑AML regimen; however, further studies are required to 
confirm this finding.

The individual differences in blood venetoclax concentra‑
tion are large, and blood venetoclax concentration is associated 
with the objective response rate and safety events (31). Therefore, 
venetoclax‑based antileukemia regimens were selected in the 
present cases to detect the changes in blood concentrations over 
time. Previous studies have also demonstrated that small‑dose, 
short‑course venetoclax‑based combination regimens achieve 
better remission with few adverse effects and are well toler‑
ated by patients (32‑34). In the present study, both patients 
were treated with a small dose of short‑course venetoclax, and 
achieved CR. Intensive anti‑TB therapy, HRZE, was chosen 
to be used to promptly kill a large number of reproducing and 
active susceptible bacteria in a short period. Rifampicin was 
then replaced with a quinolone, which is also capable of killing 
both intracellular and extracellular bacteria (35), to compose 
an individualized anti‑TB regimen of HZE and quinolone to 
prevent rifampicin, a strong inducer of cytochrome P450 3A4 
enzymes, from affecting the concentration of venetoclax. Both 
patients with AML achieved good control of active TB and 
CR for AML.

In addit ion, another study demonst rated that 
Mycobacterium tuberculosis increases the expression of 
Bcl‑2 at the transcriptional level  (36). Based on the afore‑
mentioned study, we hypothesized that venetoclax, as a Bcl‑2 
inhibitor, may reduce the expression of Mycobacterium 
tuberculosis‑induced Bcl‑2, which may affect TB stability 
in patients with active pulmonary TB. This provides a direc‑
tion for future research and clinical trials and is expected to 
bring new breakthroughs in the treatment of concurrent active 
pulmonary TB and AML.

How to treat AML combined with active TB is currently 
a clinical issue that doctors and patients face together and 
urgently need to solve, and the treatment plan for patients with 
TB and AML is constantly being explored. A total of 4 other 
patients with the same diagnoses after November 2023 were 
treated and achieved good treatment results (Ji et al, unpub‑
lished data). Future studies should build on these efforts and 
carry out scientific research based on clinical problems, so as 
to provide more patients with effective treatment and explore 
the possibility of a breakthrough in the combined fields of TB 
and AML.

In summary, AML combined with active TB has unique 
characteristics, and its clinical diagnosis and treatment are 
challenging. For patients with AML combined with active 
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TB, a venetoclax‑based anti‑AML regimen combined with an 
intensive and then individualized anti‑TB regimen is effica‑
cious with few side effects. More cases should be collected to 
further clarify its efficacy and safety and promote its applica‑
tion, thereby improving the overall survival of patients with 
concurrent AML and active pulmonary TB.
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