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Background: The selective Janus-activated kinase inhibitor ruxolitinib (rux) is now widely 
used to treat myelofibrosis and polycythemia vera due to its remarkable effect of reducing 
splenomegaly and improving constitutional symptoms. With opportunistic infections second-
ary to rux constantly reported; however, an increasing number of studies have begun to 
investigate the mechanism and underlying immunosuppressive effect of rux.
Case Presentation: We report two cases of tuberculosis (TB) in primary myelofibrosis 
patients during rux therapy. The first patient received rux soon after diagnosis, and tracheo-
bronchial TB (TBTB) and bronchoesophageal fistula were found after 4 months. After 
discontinuation of rux, antituberculosis therapy (ATT) was introduced. The second patient 
initiated rux due to progressive splenomegaly after 7.5 years of interferon therapy and was 
diagnosed with disseminated TB after 2 months. He received ATT as well. His rux was 
maintained due to the high burden of systematic symptoms and splenomegaly. Both myelo-
fibrosis and TB were well controlled in these patients.
Conclusion: This is the first case report that describes rux-related TBTB accompanied by 
a bronchoesophageal fistula. Through a review of the literature, we provide supporting evidence 
to the finding that intrinsic disorders of myeloproliferative neoplasms and rux-induced immu-
nologic deregulation together lead to TB. We highlight the importance of screening for latent TB 
infection and timely chemoprophylaxis before rux therapy. Once TB is diagnosed during 
treatment, rux is recommended to be stopped and active ATT should begin quickly.
Keywords: myelofibrosis, ruxolitinib, tuberculosis, infection

Introduction
Primary myelofibrosis (PMF), a stem cell-derived myeloproliferative neoplasm 
(MPN), is often characterized by the presence of bone marrow fibrosis, anemia, 
splenomegaly and constitutional symptoms, such as fatigue, night sweats, weight 
loss, and pruritus. The Janus kinase-signal transducer and activator of transcription 
(JAK-STAT) pathway is known to play a crucial role in cell proliferation and 
differentiation. As the most frequent genetic mutation in MPN, the JAK2V617F 
mutation is present in approximately 96% of patients with polycythemia vera (PV), 
55% with essential thrombocythemia (ET), and 65% with PMF.1 Targeting this 
pathway, ruxolitinib (rux), a selective JAK1 and 2 inhibitor, is applied to reduce 
splenomegaly and improve the series of constitutional symptoms, and has achieved 
significant effects. However, opportunistic infections associated with rux have been 
reported since its launch, suggesting a latent immunosuppressive effect.
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Here, we report two cases of tuberculosis (TB) discov-
ered during rux treatment for PMF patients and intend to 
provide practicable prophylaxis and treatment by review-
ing the literature and analyzing our clinical experience.

Case Presentation
Case 1
A 41-year-old male came to the hospital for fatigue, satiety 
and abdominal distension in March 2018. Palpation 
revealed that the lower edge of his spleen reached the 
umbilicus level. His chest computed tomography (CT) 
scan showed no abnormality. Bone marrow biopsy showed 
remarkably increased age-adjusted cellularity with granu-
locyte proliferation, decreased erythropoiesis, a large num-
ber of megakaryocytes atypia, grade 0 fibrosis, and the 
JAK2V617F mutation. He was diagnosed with Pre-PMF. 
His Dynamic International Prognostic Scoring System 
(DIPSS) risk group was intermediate-1. He was started 
on rux (20 mg, twice daily).

Fever and productive cough started in early July and 
lasted approximately one week. He was hospitalized on 
12th July for antibiotics. Laboratory tests showed white 
blood cells (WBC) 16.11×109/L, erythrocyte sedimenta-
tion rate (ESR) 40 mm/h, hypersensitive C-reactive protein 
107.7 mg/L, and procalcitonin (PCT) 0.76 µg/L. Blood 
lymphocyte subsets showed an absolute total T cell count 
of 347/μL (normal range: 995–2860/μL) and CD4+ T cell 
count of 208/μL (normal range: 550–1440/μL). Sputum 
acid-fast bacilli (AFB) smears were negative, but inter-
feron gamma release assay (IGRA, T-SPOT.TB) was posi-
tive. Transient syncope unexpectedly occurred the next 
morning. Multiple deep venous thrombosis was later con-
firmed by ultrasound in his left lower extremity. Enhanced 
CT showed pulmonary thromboembolism in his right 
upper and inferior pulmonary artery, bilateral pleural effu-
sion, pulmonary infection, multiple enlarged mediastinal 
lymph nodes and soft tissue shadows that surrounded his 
left main bronchus (Figure 1A and C). CT also revealed 
frontal lobe hemorrhage. He received low molecular 
weight heparin instantly, and rux was discontinued from 
then on. To prevent the occurrence of lethal complications, 
he was transferred to vascular surgery for inferior vena 
cava filter implantation. A bronchoesophageal fistula on 
his left main bronchus was later discovered by iodine 
contrast esophagogram in response to persistent dry 
cough, and then he received nasal jejunal nutrition 
(Figure 1B).

Hydroxyurea was introduced to control the WBC count 
in September. Given that infection work-up was negative, 
fiberoptic bronchoscopy was chosen to determine whether 
he was infected with TB. However, bronchoalveolar 
lavage fluid (BALF) specimens tested negative for culture, 
AFB and GeneXpert assay. A tracheobronchial lymph 
node biopsy finally confirmed Mycobacterium tuberculosis 
(MTB) by polymerase chain reaction. He was diagnosed 
with tracheobronchial tuberculosis (TBTB) and received 
a 12-month antituberculosis therapy (ATT) involving iso-
niazid, rifampicin, ethambutol and levofloxacin. Another 
two bronchoalveolar lavages were performed during ATT. 
BALF was negative for all relevant results, including 
mycobacterial ribonucleic acid (RNA) and deoxyribonu-
cleic acid (DNA). The mediastinal lymph nodes’ size also 
decreased (Figure 2). In July 2019, rux (10 mg, twice 
daily) was reintroduced due to splenomegaly and abdom-
inal distension. His DIPSS was intermediate-1 at that time.

Case 2
A 66-year-old male was diagnosed with PMF in 
December 2010 at a local hospital. Bone marrow biopsy 
showed megakaryocytic proliferation, grade 3 fibrosis and 
the JAK2V617F mutation. Because rux was not available 
in China at that time, he received regular interferon ther-
apy for 7.5 years. To mitigate the progression of spleno-
megaly, rux (20 mg, twice daily) monotherapy started in 
late June 2018. The DIPSS risk group was intermediate-2. 
The single dose was adjusted to 25 mg in early August 
owing to an unsatisfactory reduction in spleen size.

Unexplained fever started on 20th August and lasted 
until September (Tmax 39.2°C). Laboratory tests showed 
WBC 14.14×109/L, hemoglobin 78 g/L, platelet 198×109/ 
L, PCT 0.65 μg/L, and ESR 60 mm/h. Blood samples were 
positive for T-SPOT.TB and TB antibody. His purified 
protein derivative (PPD) test was strongly positive. Chest 
CT scan presented small diffuse nodules in the bilateral 
lungs, pleural effusion, adhesion, and enlarged lymph 
nodes in the retroperitoneum. He was diagnosed with 
disseminated TB (DTB).

His temperature gradually stabilized when 12 months of 
ATT (isoniazid, levofloxacin, rifapentine and amikacin) 
started in October 2018. Considering the potential progres-
sion of PMF, rux (20 mg, twice daily) was retained under 
close monitoring of liver function. Nevertheless, accompa-
nied by the reappearance of fever, his left hip joint began to 
hurt, and a neck mass was found by palpation on the same 
side. Imageology examinations confirmed the existence of 
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neck and bilateral psoas abscesses and Schmorl’s nodes at 
L4 and L5 (Figure 3). During debridement, a 3×15.6×2.8 cm 
focus on the left, a 3×10×2 cm focus on the right, and 
a 4×3 cm focus of the neck were found. All three contained 
yellow pus and caseous necrosis, in which the DNA and 
RNA of MTB were detected as positive. Amikacin was 
replaced by ethambutol in November.

Discussion
The selective JAK1/2 inhibitor rux is widely used for its potent 
effect on reducing splenomegaly and improving systemic 
symptoms. Focusing on its efficiency and safety, a series of 
clinical trials were performed. In the 5-year follow-up analysis 

of the phase ш COMFORT-Ⅰ trial, a significantly increased 
infectious rate was not found in the rux group when compared 
with the control group (except herpes zoster infection).2 

Similar outcomes were detected in other trials.3,4 However, 
sporadic opportunistic infection cases related to rux have been 
reported worldwide since 2012.

Drug-induced impacts aside, studies have noted the 
abnormal baseline immune status of MPN. Published 
works demonstrate that the count of regulatory T cells 
has decreased before the introduction of rux, which 
may contribute to a pro-inflammatory status and disrupt 
the immune surveillance of myelofibrosis (MF) 
patients.5,6

Figure 1 Imaging appearances in case 1. (A) Enhanced chest computed tomography (CT) showing the pulmonary thromboembolism (arrow) in right inferior pulmonary 
artery and bilateral pleural effusion. (B) Iodine contrast esophagogram confirmed the bronchoesophageal fistula. (C) Coronal magnetic resonance imaging (MRI) showed the 
mediastinal soft tissue shadows (arrow) surrounded the left main bronchus.
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Although rux is seen as a selective inhibitor, its inhi-
bitory effect is not confined to JAK1 and 2 as it can 
influence dozens of other kinases to varying degrees.7 

The consequent “off-target” effect causes different 
immune disorders. Data suggest that rux potently inhibits 
the differentiation and function of dendritic cells.8 Rux can 
also impair the killing ability of natural killer cells.9 In 
cell-mediated immunity, the drug negatively affects 
T helper 1 (Th1) cell function and downregulates inter-
feron gamma (IFN-γ) and tumour necrosis factor-α (TNF- 
α), the cytokines that play a crucial role in the resistance 
against MTB.10,11 In line with the findings, the absolute 
values of the T lymphocyte subsets were significantly 
decreased in the first patient. The alteration induced by 
rux can offset some treatment benefits and trigger TB. 
A recent study that focused on the MF patients revealed 
that the risk of TB was two times higher in the rux-treated 

group.12 Likewise, in patients treated with anti-TNF-α 
agents for autoimmune diseases, the risk of developing 
TB increases approximately fourfold.13 It should also be 
noted that common targeted therapies in hematological 
malignancy, such as rituximab (anti-CD20 monoclonal 
antibody), do not lead to a significant increase in TB.14

The change in infectious rate is not always 
obvious.15,16 We note that the incidence of herpes zoster 
infection is significantly increased in the rux group, while 
other infections are not.2 Revealing the same outcome, 
a systematic review suggested a clinical relevance to the 
risk.17 Published data showed a predisposition to infec-
tions in MF patients.18 Additionally, in a recent study, 
patients who received rux were all at intermediate-2/high 
IPSS risk, a factor that independently correlates with 
a higher infectious risk, since older age and advanced 
disease status contribute to a poorer clinical condition.19 

Figure 2 CT images of case 1 in September (A) and November (B). The enlarged mediastinal lymph node (arrow) decreased after antituberculosis therapy.

Figure 3 Imaging appearances in case 2. (A) The neck abscess (arrow) on axial MRI. (B) The right psoas abscess (arrow) on axial CT.
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It is difficult to draw the conclusion that rux alone causes 
more infectious events when those identified confounding 
factors and other potential ones exist. Therefore, we 
believe that intrinsic disorders of MPN and rux-induced 
immunologic deregulation together lead to the occurrence 
of atypical and opportunistic infections involving bacteria, 
viruses and fungi. Whether and to what degree these con-
founding factors affect infectious risk needs further 
exploration.

We intend to analyze the few existing cases to under-
stand the basic clinical characteristics of TB during rux 
treatment. By the end of April 2020, 23 cases of rux- 
related TB were described in 17 published case reports 
(Table 1).20–36 Our two cases are listed in this table and 
will be analyzed as well.

Males constituted the majority of patients (60%), and the 
average age of the whole group was 65.8±11.5 years old. All 
patients were diagnosed with MF aside from one with PV. As 
the most common diagnosis in this group, 20 (80.0%) 
patients had extrapulmonary TB, while simple pulmonary 
TB accounted for the remaining 20.0%. The duration of rux 
before infection varied from 3 weeks to 47 months and was 
mainly concentrated in the first 6 months, with a median time 
of 5 months. Fever was the most common initial symptom 
but was not specific. All patients were subsequently treated 
with ATT except two cases for which data were unavailable. 
Although rux was discontinued for the majority of patients 
after the TB diagnosis, there were also four cases (including 
case 2) that directly used ATT and achieved improved clin-
ical symptoms.21,28 In seven patients (including case 1), rux 
was successfully reintroduced due to the relapse of systema-
tic symptoms and/or splenomegaly. Long-term isoniazid 
monotherapy was maintained in one patient for prophylaxis 
after standard ATT, despite the lack of signs of TB 
reactivation.25 Three patients had a history of prednisolone 
before or during rux therapy, and one of them had also used 
lenalidomide for about 17 months.23,31,33 Several patients 
had concomitant diabetes, chronic liver disease or tumours, 
all of which could lead to different degrees of immune 
disorder and infection susceptibility. Screening for latent 
TB infection (LTBI) was only performed for five patients 
(including case 1). Neither further examination nor treatment 
for LTBI was planned for the only patient whose IGRA was 
positive.33 Eight patients (32.0%), including the only atypical 
mycobacterial infection (M. avium complex), finally died.34 

The young PV patient was the only one who experienced 
allogeneic transplantation after resolving TB and was clini-
cally stable in the post-transplant period.31

It is difficult to determine whether the TB was primary or 
reactivation because most cases had not been screened before 
and had an unknown TB history. Nevertheless, elderly 
patients have more chances of being exposed to TB. It is 
possible that their immune systems were once strong enough 
to respond to MTB and led TB into a latent stage. Under the 
dual influence of MPN and rux, the balanced, relative static 
state between host and MTB is broken, which results in 
a rapid reproduction of bacilli in granulomas.37 Active 
MTB can be released into a patient’s airway, lymphatic 
system or bloodstream and then travel to a distant place, 
thus causing more extrapulmonary TB in a short time. 
China is listed as one of the 30 countries with a high TB 
burden by the World Health Organization and accounts for 
9% of the global total. Although our patients denied past 
infection and nothing abnormal was found on CT in case 1, 
we are still inclined to support TB reactivation when taking 
the high TB burden in China and a relatively short onset time 
after rux therapy into account. The incidence of TB might 
even be higher than studies have reported, since not all 
infectious events can be identified. In patients who have 
been previously treated with other immunomodulators, 
laboratory examinations can give false-negative results, 
thus missing the chance to recognize them. Moreover, 
a longer rux exposure may be needed for atypical mycobac-
terial infection.34

Infection is one of the major causes of morbidity and 
mortality in MF patients. Therefore, it is of great impor-
tance to distinguish patients at higher risk of developing 
TB and implement prophylactic measures and treatment. 
A comprehensive assessment of infectious risk at first can 
help to individualize prevention methods. It is strongly 
recommended that every patient be screened with IGRA 
(T-SPOT.TB or QuantiFERON-TB) and chest X-ray for 
LTBI before the initiation of rux. The tuberculin skin test 
alone is not advised by us here for its low specificity but 
can serve as a supplementary test. If diagnosed, patients 
need to delay rux therapy and start a single-drug ATT with 
isoniazid promptly, which works well in several cases.38 

Similar measures have decreased the risk of developing 
TB in patients who received anti-TNF-α agents.39 Regular 
re-examination and follow-up are required during rux 
usage. Co-prescription with steroids or other immunomo-
dulatory agents is not suggested owing to the underlying 
dual immunosuppressive effect.40 Since symptoms of TB 
are unspecific and similar to MF, clinicians should be 
vigilant to ensure that no possible symptoms are missed 
and to make differential diagnoses when they appear so 
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that treatment can start at an early stage. It is reasonable to 
discontinue rux because its immunosuppressive effect may 
aggravate infection. All studies indicate that an active ATT 
should be started as soon as possible. Reintroduction of 
rux mostly depends on the relapse of constitutional symp-
toms and splenomegaly because they may denote 
a possibility of progression.

Conclusion
We reported the first TBTB complicated by 
a bronchoesophageal fistula in a rux-treated PMF patient. 
LTBI screening and prophylactic ATT (if necessarily) are 
recommended for candidates for rux. Since there are few 
relevant cases, the recommendations are mainly concluded 
from the clinical experience of finite resources and require 
further investigation to test their efficiency. What needs to be 
emphasized is that opportunistic infections should not become 
the reason to limit the application of rux, given the substantial 
benefit the drug has brought to patients in the past few years.
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