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Successful rituximab treatment for severe rapidly
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Abstract
Background: Rapidly progressive interstitial lung disease (RP-ILD) is a life-threatening complication of
juvenile dermatomyositis (JDM); however, it is generally refractory to treatment and no evidence-based
treatment has yet been established for RP-ILD. We present the case of a 2-year-old girl with RP-ILD who
was resistant to methylprednisolone, cyclosporine A, cyclophosphamide, immunoglobulin, and plasma
exchange. Finally, she required extracorporeal membrane oxygenation, but rituximab contributed to the
patient’s disease remission and survival. In addition, we conducted a literature review of 18 cases of JDM
with RP-ILD.

Case presentation: A 2-year-old girl developed malar rash, mild muscle weakness, and weight loss for a
few months before admission. She presented with a history of dry cough and dyspnea for few days,
followed by rapid respiratory failure. The diagnosis of JDM with RP-ILD was made by physical
examination (malar rashes and Gottron’s sign) as well as by the �nding of myositis on femoral magnetic
resonance imaging, the elevation of serum muscle enzymes, positive anti-melanoma differentiation-
association gene 5 antibody (>7,500 index), the elevation of Krebs von den Lungen-6 (3,420 U/mL), and
the �nding of extensive ground-glass opacities with consolidation in the bilateral lungs on chest high-
resolution computed tomography. She received combination therapy, including methylprednisolone pulse
therapy, followed by oral prednisolone, intravenous cyclosporine A, intravenous cyclophosphamide, and
intravenous immunoglobulin. On the 11th day of her hospital stay, she was put on ventilation, and plasma
exchange was started. However, her respiratory condition continued to deteriorate and veno-venous
extracorporeal membrane oxygenation was started on day 24 of hospitalization. Rituximab was
administered on day 28 of hospitalization. Two weeks after starting rituximab therapy, her respiratory
condition gradually started to improve. Eventually, on day 52 of her hospital stay, she was able to wean
off extracorporeal membrane oxygenation. Finally, 11 months after admission, she was discharged with
minimal ventilatory support and no neurological complications.

Conclusions: According to this literature review, JDM with RP-ILD has a high mortality rate. In JDM,
rituximab could be a promising treatment option for RP-ILD. In the future, the effectiveness of rituximab in
the early phases of ILD should be investigated.

Background
Juvenile dermatomyositis (JDM) is a rare autoimmune disease in children1, and this is complicated by
interstitial lung disease (ILD) in 8–53% of cases in Japan2,3. In particular, rapidly progressive interstitial
lung disease (RP-ILD) is a rare but life-threatening complication. JDM-associated RP-ILD is generally
refractory to treatment, and no evidence-based treatment has been established. Despite potent
combination therapy including methylprednisolone pulse therapy (MPT), calcineurin inhibitor, and/or
intravenous cyclophosphamide (IVCY), as well as intravenous immunoglobulin (IVIG), the prognosis of
JDM-associated RP-ILD remains unfavorable1. However, the e�cacy of plasma exchange (PE) or
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rituximab (RTX) has been reported in a small number of DM-associated RP-ILD in adult patients with DM,
but the reports in children are limited4–6.

Anti-melanoma differentiation-association gene 5 (MDA5) antibody has a signi�cant correlation to JDM-
associated ILD4. Particularly, JDM patients with a high titer of anti-MDA 5 antibody are likely to develop
RP-ILD3,7. Here, we report the case of a 2-year-old girl with RP-ILD with anti-MDA5 antibody-positive JDM
who was resistant to MPT, cyclosporine A (CyA), IVCY, IVIG, and PE. She �nally required veno-venous
extracorporeal membrane oxygenation (VV-ECMO), but it was RTX therapy that allowed her to achieve
remission and survive.

Case Presentation
A previously healthy 2-year-old girl developed malar rash, mild muscle weakness, and weight loss for a
few months before admission. Her medication history and family history were unremarkable. She was
previously admitted to another hospital due to dry cough and dyspnea, which developed a few days ago.
She was diagnosed with JDM based on the elevation of serum muscle enzymes and the �nding of
myositis on femoral magnetic resonance imaging. Her percutaneous oxygen saturation was 96% on
oxygen via nasal canula at 2 L/min. Six days after diagnosis, her respiratory state rapidly deteriorated
and she was transferred to our intensive care unit with a diagnosis of JDM-associated RP-ILD.

Upon admission at our institution, she had low-grade fever (37.4℃), tachycardia (158 beats per min),
tachypnea (56 breaths per min), with an oxygen saturation of 86–96% on oxygen mask at 8 L/min. Her
height and body weight were 92 cm and 11.2 kg with 1.8 kg loss in 5 months, respectively. Malar rashes
and Gottron’s sign (i.e., papules on knuckles and elbows) were noted. The laboratory results were as
follows: creatinine kinase: 22 U/I, alanine transaminase: 69 U/I, aspartate transaminase: 49 U/I, lactate
dehydrogenase: 576 U/L, aldolase: 13.5 U/L (normal: <6.1 U/L), Krebs von den Lungen-6: 3,420 U/mL
(normal: <500 U/mL), anti-MDA5 antibody: >7,500 index (normal: <500 index), Interleukin-6: 5.2 pg/mL
(normal: <6 pg/mL), and Interleukin-18: 1102.6 pg/mL (normal: <500 pg/mL). Other autoantibodies and
infection-related tests were all negative. The results of the arterial blood gas analysis were as follows: pH:
7.43, PaCO2: 34.1 mmHg, PaO2: 68.7 mmHg, and HCO3

−: 22.4 mmol/L on oxygen mask at 8 L/min. Chest
high-resolution computed tomography (CT) revealed extensive ground-glass opacities with consolidation
in the bilateral lungs, greater at the left; these �ndings are consistent with a diffuse alveolar damage
pattern (Fig. I a, b).

Due to the rapid progression of her respiratory failure, the patient was given combination therapy
including 4 courses of MPT (30 mg/kg/day for 3 days per course) followed by oral prednisolone (PSL; 1
mg/kg/day), intravenous CyA (starting with 3 mg/kg/day and adjusted to maintain trough levels at 150–
200 ng/mL), 2 courses of IVCY (500 mg/m2/dose at a 1-month interval), and IVIG (2 g/kg/dose) (Fig. 2,
online). She also received trimethoprim-sulfadiazine as prophylaxis for opportunistic infections. Her
respiratory condition deteriorated further, and she was placed on a ventilator support at the 11th hospital
day, with the following settings: mean airway pressure (MAP): 12 cmH2O, peak inspiratory pressure (PIP):
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20 cmH2O, positive end-expiratory pressure (PEEP): 6 cmH2O, and FiO2: 0.8 (oxygen index: 8.0,
PaO2/FiO2: 150).

However, her respiratory condition worsened further, and her anti-MDA-5 antibodies did not decrease.
Thus, we attempted PE on the 11th hospital day (Fig. 2, online), and 23 sessions of PE were performed in
total. Serum anti-MDA5 antibody titer then decreased temporarily, but soon rebounded markedly.
Furthermore, her respiratory status, including oxygen demand, did not improve at all.

On the 24th hospital day, she could no longer maintain an SpO2 of 90% at the following ventilator
settings: MAP: 18 cmH2O, PIP: 31 cmH2O, PEEP: 10 cmH2O, FiO2: 1.0 (oxygen index: 20, PaO2/FiO2: 50),
and nitric oxide: 5.0 ppm.

We decided to introduce VV-ECMO to her for life support. As her respiratory condition was serious, we
could not take a follow-up chest CT after her admission. Plain chest radiography at that time showed
diffuse ground-glass opacities (Fig. 1C).

After receiving institutional ethical approval, 375 mg/m2 of RTX was given on the 28th hospital day.
Mycophenolate mofetil (MMF) was added on the 40th hospital day. Respiratory physical therapy,
including being placed in the prone position, was continued under VV-ECMO. Two weeks after starting
RTX therapy, her respiratory status gradually started to improve. She was eventually able to wean off
ECMO on the 52nd hospital day. Chest CT taken on the 78th hospital day showed improvement of
aeration and decreased the consolidation. However, the ground-glass opacities enlarged and traction
bronchiectasis was also marked (Fig. 1D-E). Anti-MDA-5 antibody levels also decreased steadily after the
�rst course of RTX, and thus additional RTX was administered at 2 and 6 months due to the recovery of B
cells in peripheral blood.

No severe respiratory complications, such as pneumonia, pneumothorax, pulmonary hemorrhage, or
thrombosis occurred in the acute phase. We avoided high ventilation pressures above PIP 30 cmH2O as
much as possible to avoid pneumothorax.

Three months after admission, her general condition improved without neurological complications. Her
activities of daily living have improved after continuous rehabilitation. She regained the ability to speak,
eat, walk, and bathe at 3, 4, 6, and 10 months after admission, respectively. Finally, she was discharged
with minimum ventilator support at 11 months after admission. At discharge, she could be weaned from
the ventilator for short periods of time. The ventilator settings were as follows: MAP: 8 cmH2O, PIP: 14
cmH2O, PEEP: 7 cmH2O, and FiO2: 0.24. Her chest CT showed remarkable improvement in both lungs at
this time as well (Fig. 1F-G).Her anti-MDA5 antibody level was 450 index, and her KL-6 was 1,150 U/m.
She is now maintained with PSL 4 mg/day, tacrolimus adjusted with trough levels around 5.0 ng/mL, and
MMF 500 mg/day.

Discussion And Conclusions
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Herein, we report the effectiveness of combined therapy including RTX for a 2-year-old girl with life-
threatening RP-ILD associated with anti-MDA5 antibody-positive JDM. Although her condition
deteriorated, eventually requiring VV-ECMO, she was rescued with the aforementioned therapies. This
case suggests that RTX is an effective option for severe and refractory RP-ILD in JDM.

Anti-MDA-5 antibody-positive JDM and adult DM are known to be more common in Asians than in other
races8. Notably, in Japan, 28% of children with JDM and juvenile polymyositis and 10–48% of adults with
DM and polymyositis are positive for anti-MDA-5 antibodies8. Furthermore, cases of anti-MDA-5 antibody-
positive JDM and adult DM are prone to developing RP-ILD,3,7 and in JDM speci�cally, it has a poor
prognosis with no established treatment. To further study this, we conducted a literature review of JDM
with RP-ILD and found 18 cases (Table 1)3,6,8−19.

Among 18 patients (6 males and 12 females), the median age at disease onset was 6.5 years (range, 2–
16 years). There were 16 Asians, including 14 Japanese patients. Although 11 patients demonstrated
apparent muscle weakness, 4 were classi�ed as having juvenile clinically amyopathic dermatomyositis,
while the other 3 had no available data. The median months of interval between the onset of JDM and
diagnosis of ILD was 3 months (range, 1–8 months). The median months of interval between the
diagnosis of JDM and ILD was 1 month (range, 0–7 months). Upon the diagnosis of ILD, respiratory
symptoms were observed in 11 patients, while 3 patients were asymptomatic. Furthermore, 12 patients
were positive for anti-MDA5 antibody, 1 patient was positive for anti-Jo-1 antibody, and 5 patients were
not tested for these. Two patients, including the present case, required ECMO. There were 12 mortalities
despite potent combination therapy with MPT, CyA, and/or, IVCY. The duration from the onset of ILD to
death was within 4 months in all patients.

Yeung et al. recently reported a case of RP-ILD with JDM treated with multiple agents, including RTX6.
However, their case had much milder respiratory symptoms than our case. Furthermore, since multiple
agents were combined with RTX, it is di�cult to evaluate the e�cacy of RTX alone. However, the e�cacy
of RTX has been reported in several adult cases with DM5. Although the mortality of DM-associated RP-
ILD was reported to be about 50% within 6 months20, its prognosis has improved due to early diagnosis
and aggressive treatment, including combination therapy with/without RTX5,21. In the present case,
combination therapy, IVIG, and PE was insu�cient to manage RP-ILD, but the patient gradually improved
after RTX therapy. RTX also stabilized the serum titer of anti-MDA-5 antibody. Thus, RTX could be
promptly considered in children with RP-ILD refractory to the aforementioned treatments.

There have been a few reports of DM/JDM-associated RP-ILD who were treated with PE, but resulted in
poor outcomes4,12,22. Some experts suggest that PE might be considered in patients who are
unresponsive to combination therapy with corticosteroids and immunosuppressive agents4. In our case,
the serum titer of anti-MDA5 antibody decreased after frequent PE, but it soon rebounded and the
patient’s respiratory failure worsened. Both RTX and PE have the same effect in terms of reducing
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autoantibodies, but RTX suppresses antibody production more radically and persistently. In addition, RTX
has the advantage of suppressing T cell and B cell interactions and increase of regulatory T cells.

The patient in our case was successfully weaned off ECMO 24 days after administering RTX. Similarly,
Zulian et al. reported one pediatric case who survived after VV-ECMO10. ECMO can be indicated for life-
threatening respiratory failure, but the prognosis for adult patients with RP-ILD requiring ECMO is poor4.
ECMO is also used in the bridging therapy to lung transplantation in adult patirnts5.

We took several precautions in the management of this critical patient. Trimethoprim-sulfadiazine was
administered as prophylaxis for infection. Close monitoring for the growth of Pneumocystis carinii,
cytomegalovirus, and fungi were performed. Deep sedation was also done for stable respiratory
management. We refrained from using high ventilatory pressures and tolerated hypoxemia and
hypercapnia to some extent, because high respiratory pressures may cause pneumothorax and
pneumoperitoneum, which can result in sudden respiratory and circulatory collapse23. Placing the patient
in the prone position may have also contributed to the improvement of respiratory status. We also
discussed the use of RTX with the medical team because of the multiple reports of adverse events of
interstitial pneumonia caused by RTX itself24. In this case, we obtained informed consent from the
parents and approval from the hospital’s ethics committee.

In conclusion, we rescued a pediatric patient with life-threatening RP-ILD caused by JDM, who required
VV-ECMO. Initially, she was resistant to multiple therapeutic strategies, including corticosteroids,
immunosuppressive agents, and PE. Finally, the addition of RTX improved her respiratory failure and
signi�cantly her anti-MDA-5 antibody titer. Although further studies are needed to con�rm our results, we
found RTX to be a promising option against RP-ILD in JDM. The usability of RTX in the early phase of ILD
should also be studied in the future.
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Figure 1

Chest computed tomography of the patient

(A, B) Lung computed tomography (CT) scan at admission showing extensive ground-glass opacities
with consolidation in bilateral lungs, signi�cant at the left side. (C) Chest X-ray upon initiation of veno-
venous extracorporeal membrane oxygenation showing massive bilateral areas of consolidation. (D, E)
Lung CT scan after treatment on the 78th hospital day showing improvement in aeration and resolution
of consolidation. Ground-glass opacities were enlarged and traction bronchiectasis was evident. (F, G)
Lung CT scan at 11 months after admission showing improvement in both lungs.
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Figure 2

Clinical course and treatment.

Clinical course and treatment of the patient. MPT, methylprednisolone pulse therapy; PSL, prednisolone;
Lipo-Dex, liposteroid dexamethasone; IVCY, intravenous cyclophosphamide; CyA, cyclosporine A; Tac,
tacrolimus; MMF, mycophenolate mofetil; IVIG, intravenous immunoglobulin; PE, plasma exchange; RTX,
rituximab; HFNC, High-�ow nasal cannula; CMV, conventional mechanical ventilation; VV-ECMO, veno-
venous extracorporeal membrane oxygenation; MDA5, melanoma differentiation-association gene 5; P/F
ratio, PaO2/FiO2 ratio.
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