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Abstract: With an advance in therapy, there are increasing emerging and re-emerging 
opportunistic infections among patients with hematologic conditions and malignancy. 
Herein, we present a 56-year-old woman with primary myelofibrosis who developed com-
bined tuberculosis (TB) and cryptococcosis with extensive pulmonary, pleural, and nodal 
involvement during ruxolitinib therapy. Marked clinical and radiologic improvements were 
undoubtedly evident after receiving anti-TB and antifungal therapies and pleural drainage. 
Hence, the presence of atypical clinical and radiologic manifestations and incomplete 
responses, despite receiving adequate antimicrobial treatment, should raise concerns regard-
ing the combined emerging and re-emerging opportunistic infections and the possibility of 
unusual radiologic manifestations of cryptococcosis in a ruxolitinib-treated patient. 
Keywords: ruxolitinib, Janus kinase inhibitor, cryptococcosis, tuberculosis, pleural effusion, 
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Introduction
Ruxolitinib, an oral inhibitor of Janus kinase (JAK) 1 and JAK2, has been approved to 
treat intermediate- and high-risk myelofibrosis (MF) and polycythemia vera. 
Ruxolitinib selectively inhibits JAK2-driven Ba/F3 cell proliferation, which plays an 
essential role in the pathogenesis of bone marrow fibrosis in MF.1,2 Although ruxoli-
tinib therapy helps reduce symptomatic splenomegaly and constitutional symptoms, it 
may exert substantial immunosuppression by impairing activation of T cells and 
downregulation of cytokines. As a result, it may reduce the control of silent infections 
and increase the risk of reactivation of opportunistic infections. These infections 
include herpes simplex, zoster, hepatitis B, tuberculosis (TB), and opportunistic fungal 
infections (Pneumocystis jirovecii, mucormycosis and cryptococcosis).3

At present, there are only seven case reports regarding ruxolitinib-associated 
cryptococcal infection.4 Nevertheless, the co-occurrence of cryptococcosis and 
other infections is extremely rare. Combined TB and potentially life-threatening 
cryptococcal infection in a ruxolitinib-treated patient has never been reported.

Herein, we report a patient with primary MF who developed pulmonary TB, 
followed by pulmonary cryptococcosis with associated pleural and nodal involve-
ments, 10 and 12 months after receiving ruxolitinib therapy, respectively. The 
patient showed marked clinical and radiological improvements after receiving 
antituberculous and antifungal treatments and suspending of ruxolitinib.
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Case Report
A 56-year-old woman presented with a 2-week history of 
shortness of breath, fever, and productive cough. She had 
a 3-year history of primary MF. Due to massive sympto-
matic splenomegaly, ruxolitinib was commenced in 
January 2020. She had never smoked. She worked as 
a government officer and had no known environmental 
exposure to pollutants or pets. She had received BCG 
vaccination in the past. There has no tuberculosis or cryp-
tococcosis reported in household contacts of this patient. 
During ten months of ruxolitinib therapy, she presented to 
the outside hospital with a 3-week history of a cough and 
fever. The initial chest radiograph (Figure 1A) and com-
puted tomography (CT) scan of the chest showed exten-
sive airspace consolidation in the left lower lobe and 
numerous fine nodular opacities in both lungs. There 
were enlarged right supraclavicular and subcarinal lymph 
nodes without pleural effusion. She was diagnosed as 
having lobar pneumonia and received levofloxacin for 
seven days without any clinical improvement. Sputum 
staining for Gram- and acid-fast bacilli (AFB) were nega-
tive. The sputum polymerase chain reaction for 
Mycobacterium tuberculosis (PCR-MTB) was detected. 
Therefore, pulmonary TB was diagnosed, and isoniazid 
(H), rifampin (R), pyrazinamide (Z), and ethambutol (E) 
were initiated.

Despite negative sputum culture for TB, antitubercu-
lous therapy was continued, and the patient’s symptoms 
subsided. Two months later, she was admitted with 
a marked deterioration in the shortness of breath, espe-
cially on exertion, productive cough, and fever for two 
weeks. She was treated with oral amoxicillin/clavulanic 
acid for three days before admission. On evaluation, she 
was ill-appearing. Vital signs included a temperature of 
36.5°C, blood pressure of 110/70 mmHg, heart rate of 92 / 
minute, and respiratory rate of 20 /minute. Her oxygen 
saturation was 96% at ambient air. Respiratory examina-
tion revealed bilateral crackles and decreased breath sound 
at the left lower lung. The patient’s abdominal examina-
tion revealed massive splenomegaly.

The complete blood count showed hemoglobin level of 
9.3 g/dL, a white blood cell (WBC) count of 52,710 cells/ 
uL (60% neutrophil, 7% lymphocyte, 10% eosinophil, 2% 
band form, 4% metamyelocyte, 5% myelocyte and 4% 
promyelocyte), and platelet count of 185,000 cells/uL. 
Anti-HIV testing was non-reactive. Other blood tests 
were unremarkable, except for increased serum lactate 
dehydrogenase (LDH, 1302 U/L) and alkaline phosphatase 
(181 U/L).

Follow-up chest radiography (Figure 1B) and chest CT 
scan (Figure 1C and D) showed marked progression of 
bilateral pulmonary abnormalities with newly developed 

Figure 1 (A) Initial chest radiograph showing extensive airspace consolidation in the left lower lobe (black arrows) and numerous fine nodular opacities in both lungs (white 
arrows). There is no pleural effusion. Note a diffuse increase in bone density associated with the underlying MF. (B) Follow-up chest radiograph showing marked progression of 
bilateral pulmonary abnormalities and development of left pleural effusion (e). Note an enlarged splenic shadow (asterisk in (A) causing medial displacement of the gas-filled 
stomach. (C–D) Subsequent axial chest CT scans with lung-window (C) and mediastinal-window (D) settings showing multifocal consolidations (arrows) in bilateral upper and 
lower lobes with modest-sized left pleural effusion (e). Also, note an enlarged subcarinal lymph node with heterogeneous contrast enhancement (arrowhead in (C).
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and left pleural effusion and progressive nodal 
enlargement.

Ultrasound-guided thoracentesis yielded 400 mL of 
slightly turbid, yellow fluid. Pleural fluid analysis revealed 
WBC of 5266 cell/mm3 (mononuclear cell of 77%, neu-
trophil of 23%), protein of 4.62 g/dL (serum protein of 
6.07 g/dL), and LDH of 780 U/L. Bronchoscopy per-
formed later revealed minimal whitish secretion was seen 
along the lower trachea and mild narrowing of the left 
basal trunk. Bronchoscopy with bronchoalveolar lavage 
(BAL) and transbronchial biopsy were performed. PCR- 
MTB and AFB staining of BAL fluid were negative. 
Gomori methenamine silver (GMS) staining and cytology 
of BAL fluid showed budding yeasts (Figure 2A). 
Histopathological sections of the left lower lobe and 
right upper lobe biopsies showed non-necrotizing granu-
lomatous inflammation (Figure 2B) and organizing pneu-
monia (Figure 2C), respectively, but showed no organisms 
on AFB and GMS stains.

However, BAL and pleural fluid cultures grew 
Cryptococcus neoformans, and serum cryptococcal antigen 
was positive with a titer of 1:1024. The left chest tube was 
introduced. The lumbar puncture and cerebrospinal fluid 
analysis were performed and showed no central nervous 
system involvement.

The final diagnosis of combined pulmonary TB and 
cryptococcosis with extensive pulmonary, pleural and 
nodal involvement was entertained.

She was started on amphotericin B deoxycholate 
(0.7 mg/kg per day) plus flucytosine (100 mg/kg per day 
orally) and administration of ruxolitinib was therefore 
discontinued. Over the following four weeks, the patient 
had significant clinical and radiographic improvements. 
Eleven months of oral fluconazole was chronologically 
prescribed after completing induction therapy for 28 

days. She received completing 2 months of intensive 
phase anti-TB drugs (2HRZE) before cryptococcosis diag-
nosis then continued anti-tuberculous with 10 months of 
isoniazid and ethambutol due to possible drug interactions 
between rifampicin and fluconazole. Upon follow-up, 
further clinical and radiographic improvements (Figure 3) 
were observed without any adverse drug reactions.

Discussion
Ruxolitinib has been approved to treat intermediate and 
high-risk MF. It helps reduce the splenic size and consti-
tutional symptoms and increase survival benefits.1,2 On the 
other hand, ruxolitinib has several unfavorable effects on 
innate and adaptive immunity. Ruxolitinib impaired nat-
ural killer cell maturation, attenuates the dendritic cell 
function and T cell response, causing suppression of multi-
ple cytokines. Thus, it increases susceptibility to common 
intracellular pathogens, including Mycobacterium spp., 
Coccidioides spp. and Cryptococcus spp.3,4

At present, there are only two case reports having 
pulmonary cryptococcosis secondary to ruxolitinib treat-
ment. Both the patients had isolated pulmonary involve-
ment without cryptococcal antigenemia and showed 
clinical improvement after suspending ruxolitinib and 
receiving antifungal therapy.5,6

Moreover, combined cryptococcosis and other infec-
tions in ruxolitinib-treated patients are rare. Only two 
patients, one with disseminated histoplasmosis and cryp-
tococcal meningitis7 and cryptococcal fungemia and 
another with cellulitis caused by Mycobacterium 
haemophilum,4 have been reported. Combined pulmonary 
TB and cryptococcosis with widespread pulmonary invol-
vement, pleural empyema, lymphadenopathy and crypto-
coccal antigenemia, similar to the present case, has never 
been reported.

Figure 2 (A–C) Mucicarmine staining of BAL fluid cytology ((A), x400) show intracellular yeasts, engulfed by macrophages (arrow in (A)), and extracellular yeasts with 
thick capsule (arrowhead in (A). Histopathologic sections of the left lower lobe and right upper lobe biopsies reveal non-necrotizing granulomatous inflammation ((B), H&E 
stain, 400x) and organizing pneumonia ((C), H&E stain, 400x), respectively.
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Due to nonspecific clinical and radiographic manifesta-
tions overlapping with pulmonary TB and other infections, 
the diagnosis of cryptococcosis is challenging. As shown 
in the present case, the presence of numerous fine nodular 
opacities, mediastinal lymphadenopathy, positive PCR- 
MTB, and clinical response to anti-TB therapy hindered 
pulmonary cryptococcosis diagnosis.8,9 Hence, an alterna-
tive diagnosis should always be considered when there is 
a slow resolution of clinical symptoms and radiographic 
abnormalities despite the appropriate treatment. Further 
workup, especially histopathological and microbiological 
studies, is crucial for the correct diagnosis and 
management.

We speculated that the immunomodulatory effects of 
both TB and cryptococcosis might increase susceptibility 
to each other.10,11 Thus far, it has remained inconclusive 
whether TB preceded cryptococcosis or the infections 
initially coincided in the present case. Continuous dete-
rioration of T cell-mediated immunity induced by ruxoli-
tinib and the delay in the diagnosis and treatment of 
cryptococcosis might reduce recruiting activated macro-
phages and clearing and quarantining organisms to form 

a granuloma and the progression to severe cryptococcosis 
in the present case. Our case clearly supported that rux-
olitinib suppressed T-cell mediated immune response 
which cause increase susceptibility to many intracellular 
pathogens. Hence, suspension of ruxolitinib is recom-
mended in order to restore cell-mediated immunity and 
had a favorable outcome as shown in the present case. 
Although a solid conclusion regarding a relationship 
between cryptococcosis and ruxolitinib therapy has not 
been established, a plausible association should be consid-
ered based on several case reports and series published in 
the literature.4 Although male sex seems to be predomi-
nated, a gender preference and this infection have not been 
confirmed. We believe an immune defect, especially cell- 
mediated immunity, would rather play a significant role in 
pathogenesis. Further studies to investigate for an explana-
tion or pathogenesis are encouraged.

Organizing pneumonia can be idiopathic or secondary 
to various non-specific chronic inflammatory lung injuries, 
such as infection, drug toxicity, inhalation of toxic gas, and 
collagen vascular diseases.14 It represents a process of 
unusual lung repair and, therefore, can complicate infec-
tion or persist after the resolution of the infection. 
Interestingly, pulmonary cryptococcosis causing organiz-
ing pneumonia is rare, with only seven cases have been 
reported.12,13 The presence of combined granulomatous 
pneumonia and organizing pneumonia might be responsi-
ble for developing extensive consolidation and prolonged 
clinical course in the present case. Although the patient did 
not receive steroid treatment, clinical and radiographic 
improvements were undoubtedly evident after antifungal 
therapy and pleural drainage.

Conclusion
In summary, we presented the first patient with primary 
MF who developed combined TB and cryptococcosis dur-
ing ruxolitinib therapy. Thus, clinicians should always be 
aware of combined emerging and re-emerging opportunis-
tic infections in a ruxolitinib-treated patient, especially 
those with atypical clinical and radiologic manifestations 
and incomplete responses, despite receiving adequate anti-
microbial treatment. Clinicians should be careful in the 
evaluation of the infective risk before administering rux-
olitinib. TB screening, especially for those who live in 
endemic areas or with prior history of TB followed by 
chemoprophylaxis before ruxolitinib therapy is encour-
aged. While large-scale study is needed to define a solid 
evidence-based antifungal prophylactic strategy for 

Figure 3 The follow-up chest radiography obtained after six months of antifungal 
therapy showing a marked decrease in the size of alveolar opacity at the right upper 
lung and left lower lung, including left pleural effusion.
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cryptococcosis in these patients, meantime, patients 
needed to be closely clinical surveillance for their risk of 
the opportunistic infection.

Ethic and Consent Statement
This case report was approved by the Ethics Committee on 
Human Rights related to research involving human sub-
jects at Faculty of Medicine Ramathibodi Hospital. The 
written informed consent was obtained from the patient for 
publication of this case report and any accompanying 
images.
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The authors declare that they have no conflicts of interest. 
The authors have indicated that they have no financial 
relationships relevant to this study to disclose.
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