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Ruxolitinib may induce pulmonary alveolar proteinosis and favour respiratory non-
tuberculous mycobacterial infections.

Non-infectious pulmonary complications are frequent after allogeneic haematopoietic stem
cell transplantation (HSCT). They are mainly represented by bronchiolitis obliterans and
interstitial pneumonia in the setting of chronic graft-versus-host disease (cGVHD) (1).
Pulmonary alveolar proteinosis (PAP) is a rare disorder characterised by accumulation of
lipoproteinaceous material into alveolar spaces due to alveolar macrophage dysfunction (2). It
has been been described as a rare early complication after HSCT (3).

We report here the case of a patient who developed a PAP associated with Mycobacterium
abscessus infection several years after an allogeneic HSCT. This case is very unusual because
of its late onset. We suggest these manifestations to be drug-induced, related to the functional

deficiency of the alveolar macrophages induced by ruxolitinib.



Case report

A 66-year-old female was diagnosed with a myelodysplasic syndrome with blastic
transformation in 2011. After having received daunorubicin and azacitidine, she underwent a
sibling donor HSCT in January 2013. Conditioning regimen consisted in fludarabine,
busulfan and anti-thymocyte globulins.

She developed severe chronic cutaneous cGVHD from August 2013. Several therapies were
unsuccessful, until ruxolinitib (20mg/d) was added in October 2015. The extensive
sclerodermic cutaneous cGVHD was stabilised in six months with a combination of oral
corticosteroids (15mg/d), ciclosporin A, methotrexate, extracorporeal photochemotherapy and
ruxolitinib. Anti-infectious prophylaxis consisted in posaconazole, valaciclovir, trimethoprim-
sulfamethoxazole and azithromycin.

On May 2016, she began to complain of slowly increasing non-febrile dyspnea. Pulmonary
function tests (PFT) showed normal values except for a recent decreased lung diffusion
capacity (DLCOc) at 45% of predicted value. A thoracic CT-scan revealed bilateral ground
glass opacities predominant in the upper lobes and thickened interlobular septa.
Bronchoalveolar lavage (BAL) fluid analysis displayed 50000 cells/ml, with 88%
macrophages, 8% lymphocytes and 4% neutrophils. Specific stains (Ziehl, Grocott and
Periodic acid—Schiff) and extensive microbiological tests were negative. Despite methotrexate
interruption and antibiotic therapy, pulmonary infiltrates extended on thoracic CT-scan.

In January 2017, video-assisted biopsies were performed on all three lobes of the right lung.
Histological analysis showed an intra-alveolar accumulation of eosinophilic proteinaceous
granular material, positive with the Periodic acid-Schiff (PAS) stain. This proteinaceous
material was extensive but patchy, with areas of normal lung, without inflammation,
granuloma, necrosis or interstitial fibrosis. The Ziehl stain demonstrated extracellular acid-

fast bacilli in alveolar spaces. Cultures in liquid medium were positive after six days for



Mycobacterium abscessus.  Susceptibility testing showed inducible resistance to
clarithromycin (T28 sequovar) and usual weak sensitivity to imipenem and amikacin
(minimum inhibitory concentration of 32 and 16 mg/l respectively).

The patient worsened rapidly with oxygen requirement and fever. Blood analysis showed:
haemoglobin 7.8g/dL, neutrophils 5700/mm? lymphocytes 600/mm?, platelets 75 000/mm3,
C-Reactive Protein 30mg/L. Thoracic CT-scan revealed diffuse ground glass opacities, crazy
paving and areas of pulmonary consolidation. Antibiotics against M. abscessus (imipenem
750mg tid, amikacin 600 mg three times per week and azithromycin 500 mg/d) were started.
Because of increased thrombocytopenia, ruxolinitib was withdrawn.

Chimerism remained 100% donor and a myelogram did not show any sign of myelodysplasia.
No serum anti-granulocyte monocyte colony-stimulating factor (GM-CSF) antibodies were
detected. There was no GATA2 mutation.

The clinical course was rapidly favorable. Six days after admission, the fever had abated and
the patient was weaned from oxygen.

We pursued antibiotics for seven months and replaced ruxolitinib with mycophenolate mofetil
from February 2017. Four months later, she felt significantly better, thoracic CT scan and PFT
were greatly improved (figure 1B) and DLCOc increased to 51% of predicted values.
Cutaneous GVHD worsened but only to a small extent after ruxolitinib cessation. Respiratory
improvement is maintained one year after PAP and mycobacterial infection management,

with only discrete persistent radiological infiltrates on thoracic CT-scan.

Discussion:
We report, to our knowledge, the first case of a late onset secondary PAP occurring after
allogeneic HSCT and an unusual alveolar M. abscesssus infection, which may both be related

to ruxolitinib.



Three distinct aetiologic forms of PAP have been described: congenital due to mutations in
genes encoding surfactant proteins, acquired PAP characterised by the acquisition of anti
granulocyte-macrophage-colony-stimulating factor (GM-CSF) antibodies, and secondary PAP
associated with various conditions including myeloid malignancies.

Although PAP occurring after allogeneic HSCT is well known, the case of our patient exhibits
some interesting features:

1- Previous reports described PAP as an event occurring early after HSCT, before the immune
reconstitution is effective (4) (5). In contrast, the PAP in our patient occurred more than three
years after allogeneic HSCT. Only one case of late-onset PAP occurring 18 months after
HSCT had been previously reported but only partially explored because of untimely death (6).
2- PAP diagnosis required surgical lung biopsy. Negativity of PAS staining on BAL fluid has
previously been noted in reports of post HSCT PAP (6).

3- None of the usual causes of PAP were detected. No anti GM-CSF antibodies were detected.
We eliminated a relapse of the haematological malignancy and GATAZ2 deficiency, here
evoked because of the association of alveolar proteinosis, myelodysplasic disorder and
mycobacterial infection. The role of M. abscessus infection in the occurrence of PAP seems
unlikely, as pulmonary involvement occurred several months before mycobacteria isolation
and the patient improved despite partially active antibiotic treatment.

This led us to suspect the role of ruxolitinib, introduced six months before the occurrence of
these two complications. Ruxolitinib is a selective Janus kinase (JAK) 1/2 inhibitor, approved
for the treatment of myelofibrosis and refractory cGVHD (7) (8). Interestingly, the GM-CSF
receptor is coupled with a Janus Kinase. The first step of intracellular signalling in
macrophages depends on JAK2 activation and STAT3 phosphorylation. By disrupting the
GM-CSF intracellular signalling, ruloxitinib may have led to the onset of alveolar proteinosis.

Another striking feature of our case report is the occurrence of an alveolar M. abscessus



infection without any granuloma in the interstitial tissue or bronchial wall. Non-tuberculous
mycobacteria infections are rare after allogeneic HSCT, their incidence varying between 0.4
and 4.9% of the graft recipients (9). Catheter-related infections are the most commonly
encountered NTM complications followed by pulmonary and cutaneous infections (9).
Infections by mycobacteria are a known complication of PAP (10). Alveolar macrophages
have a dual role in lung immune response, phagocyting intra-alveolar pathogens and guiding
adaptative immunity. They are deficient in PAP. Moreover, the abundance of a
lipoproteinaceous substrate favours pathogen adhesion and growth within the alveolar space.
In our case, bacilli were observed exclusively in alveolar spaces within lipo-proteic material.
It could be related to the ability of M. abscessus to obtain energy from the degradation of
host-derived lipids with numerous lipase-encoding genes (11). According to these
mechanisms, ruxolitinib may also have favoured the occurrence of M. abscessus infection.
Ruxaolitinib is known to be associated with an increased risk of pneumonia (incidence of 9%
at 12 months and 16.4% at 48 months in myelofibrosis) (12) and M. tuberculosis reactivation
(13). Inhibiting the JAK-STAT pathway may increase the risk of mycobacterial infection by
impairing the production and response to IFN-gamma, the function of dendritic cells and by
reducing TNFa production which plays a crucial role in granuloma formation (14). This
hypothesis is supported by the fact that no granuloma was observed in the lung biopsy of our
patient, as reported in HIV-infected patients with low CD4+ cell count or in patients with

complete IFN-gamma receptor deficiency (15).

In conclusion, physicians should be aware that ruxolitinib may be associated with severe
pulmonary complications. We suggest that all patients should have a thoracic CT-scan before
initiation of ruxolitinib and be monitored for respiratory manifestations. Although it is

impossible to indicate precise guidelines, we think that ruxolitinib should be stopped in case



of severe pulmonary infection and/or PAP occurrence. It is important to report these

respiratory manifestations to the health authorities for worldwide surveillance.
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Figure 1

A. CT-scan at time of PAP and mycobacterial infection diagnosis, highlighting ground
glass opacities, thickened interlobular septa and patchy condensations

B. Radiological evolution four months after beginning anti-mycobacterial treatment and
withdrawal of ruxolitinib.




