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We present the case of a 79-year-old man who showed multiple pulmonary nodules on chest computed
tomography (CT) after being treated for 6 months with ruxolitinib, an inhibitor of Janus kinase (JAK) 1
and 2, to treat primary myelofibrosis. We examined the lesions by bronchoscopy, and the biopsy spec-
imen revealed fungus bodies of Cryptococcus with granulomatous inflammation. As a result, the patient
was diagnosed with pulmonary cryptococcosis. The patient was treated with fluconazole (200 mg daily
for 2 weeks) with concomitant ruxolitinib administration, but the pulmonary lesions progressed. Sub-
sequently, the patient was treated with voriconazole (300 mg daily for 3 weeks), but the lesions
worsened further. The administration of ruxolitinib was therefore discontinued, and the dosage of vor-
iconazole was increased to 400 mg daily. Three months later, the pulmonary lesions diminished in size.
The present case of pulmonary cryptococcosis occurred in a patient treated with ruxolitinib. Treatment of
pulmonary cryptococcosis with concomitant JAK inhibitor administration may result in poor treatment
efficacy. It might be better to stop administration of JAK inhibitors, if possible, in patients being treated
for pulmonary cryptococcosis.

© 2017 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Ruxolitinib, an inhibitor of Janus kinase (JAK) 1 and 2, has been
approved for the treatment of myelofibrosis [1—4| and polycythemia
vera [5,6]. JAK inhibitors exert immunosuppressive activities
through the downregulation of several cytokines, such as in-
terleukins (ILs), interferon-vy, and tumor necrosis factor-o. (TNF-a) [ 7].
Pulmonary cryptococcosis is known to occur particularly frequently
in immunocompromised hosts [8]. However, there are only a few
reports of pulmonary cryptococcosis in patients treated with JAK
inhibitors [9,10]. Here, we report a case of pulmonary cryptococcosis
in a ruxolitinib-treated patient with primary myelofibrosis.

Abbreviations: CT, computed tomography; IL, interleukin; JAK, Janus kinase;
TNF, tumor necrosis factor.
* Corresponding author.
E-mail address: myamasanjp@yahoo.co.jp (M. Yamasaki).
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2. Case report

A 79-year-old man with primary myelofibrosis who had been
treated for 6 months with ruxolitinib showed multiple pulmonary
nodules on chest computed tomography (CT) (Fig. 1a and b). The
lesions were found mainly in the subpleural regions, and the largest
lesion was 18 mm in diameter. The patient had no respiratory
symptoms.

Ruxolitinib was initially started because of splenomegaly and
fatigue, and these symptoms had improved gradually. He was
retired and had lived in an urban apartment house. He had no
smoking history and no contact with birds or other animals.

On physical examination, the patient was afebrile, his con-
sciousness was clear, blood pressure was 144/71 mmHg, pulse rate
was 71/min, and oxygen saturation was 97% on room air. Cardio-
pulmonary and neurological physical findings were normal.

On laboratory investigations, the findings from a complete
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Fig. 1. Initial chest computed tomography and microscopic findings of the transbronchial lung biopsy specimen from the left lung (hematoxylin and eosin staining). a, b: After
taking ruxolitinib for 6 months, multiple nodules were seen in both lungs. The patient was diagnosed as pulmonary cryptococcosis. ¢, d: The lung specimen shows fungus bodies of

Cryptococcus (arrows) with granulomatous inflammation.

blood cell count were almost normal except for anemia (hemo-
globin 8.3 g/dl); nutrition, hepatic function, and renal function were
normal; and C-reactive protein was mildly increased (0.55 mg/dl).
Serum cryptococcal antigen was positive, with a titer of 1:8. The
patient was seronegative for human immunodeficiency virus.

Subsequently, we examined the lesions by bronchoscopy. A bi-
opsy targeting the largest lesion of the left lower lobe was per-
formed. On a histopathological examination, the biopsy specimen
revealed fungus bodies of Cryptococcus with granulomatous
inflammation (Fig. 1c and d). Cryptococcus was not detected on
bronchoalveolar lavage fluid culture. Spinal fluid obtained by
lumbar puncture revealed no organisms by Gram staining, and it
was also negative for cryptococcal antigen. The findings of ocular
fundi were normal. Conclusively, the patient was diagnosed with
pulmonary cryptococcosis.

The patient was treated with fluconazole 200 mg daily for 2
weeks, but the findings of the chest CT examination worsened.
Subsequently, the patient was treated with voriconazole 300 mg
daily for 3 weeks, but the lesions worsened further (Fig. 2a and b).
The administration of ruxolitinib was therefore discontinued, and
the dosage of voriconazole was increased to 400 mg daily. Three
months later, the pulmonary lesions diminished in size (Fig. 2c and
d). To date, the patient has continued voriconazole for a total of 5
months without re-administration of ruxolitinib, and the lesions of
pulmonary cryptococcosis have been improving. Fortunately,
worsening of primary myelofibrosis has been in the range of
tolerance.

3. Discussion

In this case report, we showed two important clinical

observations: (i) one patient who received treatment with a JAK
inhibitor developed pulmonary cryptococcosis; and (ii) treatment
of pulmonary cryptococcosis with concomitant JAK inhibitor
administration may be poorly effective.

First, the present case of pulmonary cryptococcosis occurred in a
patient treated with ruxolitinib. To our knowledge, only one case of
pulmonary cryptococcosis in a ruxolitinib-treated patient has been
reported previously [9], making this the second report of pulmo-
nary cryptococcosis in a ruxolitinib-treated patient. Tuberculosis
[4,11], herpes zoster virus infection [3,6], herpes simplex virus
infection [12], toxoplasmosis retinitis [13], and cryptococcal
meningoencephalitis [14]| have occurred in patients treated with
ruxolitinib. Infections such as tuberculosis, viral infections, and
fungal infections are mainly controlled by cell-mediated immunity.
It has been shown that ruxolitinib suppresses the cell-mediated
immunity by inhibiting the Th1 response and reducing the pro-
duction of interferon-y [15]. In addition, studies in mice have
shown that signal transducer and activator of transcription 1
(STAT1) and signaling through the JAK/STAT pathway play an
important role in the protective response against cryptococcosis via
STAT1-mediated classical macrophage activation [16—18]. There-
fore, JAK inhibitors are expected to suppress STAT1-mediated
signaling. In the present case, suppression of anti-cryptococcal re-
sponses may have induced the development of pulmonary cryp-
tococcosis, just as in the previously reported case [9]. Regarding
other JAK inhibitors, a tofacitinib-treated patient with pulmonary
cryptococcosis has been reported [10]. That case of pulmonary
cryptococcosis may also have been induced by suppressed anti-
cryptococcal responses caused by JAK inhibitors.

Second, the treatment of pulmonary cryptococcosis with
concomitant JAK inhibitor administration may be poorly effective.
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Fig. 2. Chest computed tomography after starting the treatment for pulmonary cryptococcosis. a, b: The findings of pulmonary cryptococcosis lesions after 2 weeks of fluconazole
and subsequent 3 weeks of voriconazole concomitant with ruxolitinib administration. All pulmonary lesions progressed. ¢, d: The findings of pulmonary cryptococcosis lesions after
3 months of voriconazole without ruxolitinib administration. All pulmonary lesions diminished in size.

Of the two cases of pulmonary cryptococcosis previously reported,
one was treated with concomitant JAK inhibitor administration [9],
while the other was treated after discontinuation of JAK inhibitor
administration [10]. Both cases recovered. The present case was
initially treated with concomitant ruxolitinib administration, but
the disease progressed. Suppressed anti-cryptococcal responses
caused by JAK inhibitors hamper the treatment of pulmonary
cryptococcosis. As such, JAK inhibitor administration should be
discontinued if pulmonary cryptococcosis is severe.

In recent years, several biological agents, such as TNF-a in-
hibitors and IL-6 inhibitors, have been used to treat rheumatoid
arthritis, Crohn's disease, and psoriasis. Treatments with these
biological agents always carry a risk of infection. We previously
reported a case of pulmonary cryptococcosis and pneumocystis
pneumonia in an etanercept-treated patient with rheumatoid
arthritis [19]. When administering a biological agent as treatment,
careful follow-up of the patient is required.

4. Conclusion

The present case of pulmonary cryptococcosis occurred in a
patient treated with ruxolitinib. Treatment of pulmonary crypto-
coccosis with concomitant JAK inhibitor administration may result
in poor treatment efficacy. Further, suppressed anti-cryptococcal
responses caused by JAK inhibitors hampers the treatment of pul-
monary cryptococcosis. It might be better to stop administration of
JAK inhibitors, if possible, in patients being treated for pulmonary
cryptococcosis.
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