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A B S T R A C T   

Pulmonary alveolar proteinosis (PAP) is a rare disease characterized by the abnormal accumulation of surfactant- 
derived substances in the lungs. To the best of our knowledge, the successful treatment of metastatic renal cell 
carcinoma in patients with PAP has not been reported. Here, we describe such treatment of a patient via ave-
lumab plus axitinib therapy. After four courses of treatment, computed tomography showed size reduction of the 
pulmonary metastatic nodule and improvement of PAP. This study highlights that avelumab plus axitinib therapy 
is a safe and effective treatment option for metastatic renal cell carcinoma, even in patients with PAP.   

1. Introduction 

Pulmonary alveolar proteinosis (PAP) is a rare disease characterized 
by the abnormal accumulation of surfactant-derived substances in the 
alveoli and terminal bronchi caused by the overproduction or impaired 
degradation of surfactants.1 

Immune checkpoint inhibitors (ICIs) have recently been used in the 
treatment of metastatic renal cell carcinoma (RCC). However, its use in 
patients with PAP has not been reported. 

Here, we describe the successful treatment of a patient with meta-
static RCC and PAP via avelumab plus axitinib therapy. 

2. Case presentation 

A 61-year-old man with a two-year history of PAP presented with 
macroscopic hematuria. Bronchioalveolar lavage revealed a creamy 
white fluid. Histopathologic examination of transbronchial biopsy 
specimen stained with periodic acid-Schiff reagent showed proteina-
ceous components. These findings were consistent with a definitive 
diagnosis of PAP. Moreover, serologic tests revealed the presence of 
granulocyte-macrophage colony-stimulating factor (GM-CSF) anti-
bodies, suggestive of an autoimmune etiology of PAP. 

As the patient had a normal lung function, no treatment was 
administered to the patient for PAP. 

Abdominal CT scan revealed 3.5 × 3.4 cm tumor in the middle of the 
right kidney (Fig. 1a). Chest CT showed ground-glass opacities, septal 
reticulations and parenchymal consolidation, forming a ‘‘crazy paving’’ 
pattern characteristic of PAP (Fig. 1b). 

The patient underwent a laparoscopic radical nephrectomy without 
any complication. Histopathologic examination of the resected tumor 
confirmed the diagnosis of clear cell carcinoma. 

Nine months later, CT scan showed several lung nodules which were 
suspected to be lung metastases or inflammation. However, after one 
month, the nodules increased in size (Fig. 2a), suggestive of metastatic 
RCC. The chest CT at that time showed a so-called crazy pave pattern, 
which was almost the same image as before nephrectomy (Fig. 2b). 
Based on the International Metastatic RCC Database Consortium risk 
classification, the patient was at an intermediate risk. 

We initiated avelumab plus axitinib therapy. Avelumab was 
administered at a dose of 10 mg/kg as a 1-hour intravenous infusion 
every two weeks. Meanwhile, axitinib was given orally at a starting dose 
of 5 mg twice daily on a continuous dosing schedule. However, the 
patient presented with an increase in creatinine and urinary protein 
levels after the third course. As such, the dose of axitinib was reduced to 
3 mg twice daily for five days a week in the fourth course of therapy. 

After four courses of avelumab plus axitinib therapy, CT showed 
reduction of the pulmonary metastatic nodules and improvement of PAP 
(Fig. 3a, Fig. 3b). 
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3. Discussion 

Based on pathogenesis, PAP can be divided into three main types: 
autoimmunity, secondary and congenital. Congenital PAP, usually 
caused due to genetic mutations, is especially common in children. In 
contrast, autoimmune PAP accounts for the majority of adult cases. 

In adults, PAP is caused by decreased surfactant clearance due to 
impaired alveolar macrophage function. Attenuation of alveolar 
macrophage maturation is usually caused by inadequate GM-CSF 
signaling. GM-CSF is secreted by type II alveolar epithelial cells. The 
binding of GM-CSF to its receptors on immature alveolar macrophages 
facilitates maturation. In autoimmune PAP, alveolar macrophage 
maturation is inhibited by the presence of anti-GM-CSF antibodies, 
which block GM-CSF binding to its receptor.1,2 

To the best of our knowledge, successful treatment of RCC in patients 
with autoimmune PAP has not been reported. 

Currently, dual Immune checkpoint inhibitor therapy or combina-
tion therapy (i.e., ICI plus molecular-targeting drug) is considered the 
first-line treatment for metastatic RCC. 

ICIs have been reported to cause immune-related adverse events 

(irAEs) such as myocarditis, thyroiditis, interstitial pneumonia and so 
on. The detailed mechanisms of irAEs are unknown, but they are thought 
to be caused by the activation of immunity by ICIs.3 So far, it has been 
unclear how ICIs administration affect autoimmune type PAP. 

In Japan, only three formulations (i.e., pembrolizumab plus axitinib, 
avelumab plus axitinib, and ipilimumab plus nivolumab) have been 
approved for the management of RCC. 

The response rates of these treatments are approximately 50%, 
which is not significantly different from one another.4,5 

Although overall adverse events (AE) were similar, avelumab plus 
axitinib had a lower discontinuation rate compared to the other 
approved formulations. Furthermore, the steroids usage rate due to 
immune-related AEs is considered low.4,5 

In our case, the etiology of PAP was likely autoimmune. Hence, 
avelumab plus axitinib was selected due to the lower rates for immune- 
related AEs. 

Fortunately, the patient did not present with serious AEs that 
prompted discontinuation of treatment. After four courses of therapy, 
the patient’s PAP improved. 

As spontaneous resolution of PAP has been reported in about 7–30% 

Fig. 1. Initial radiologic findings. (a) Abdominal computed tomography (CT) shows a 3.5 × 3.4 cm mass in the middle pole of the kidney. (b) Chest CT revealed 
ground-glass opacities, septal reticulations, and parenchymal consolidation, forming a crazy-paving pattern. 

Fig. 2. Chest CT taken before avelumab plus axitinib therapy shows (a) a 2.1 × 1.7 cm lung nodule and (b) a so-called crazy pave pattern, which was almost the same 
image as Fig.1b. 

Fig. 3. Chest CT taken after six months of therapy shows (a) reduction of the nodule size to 1.3 × 0.9 cm and (b) improvement of the patient’s pulmonary alveolar 
proteinosis. 
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of cases,1 the exact efficacy of avelumab plus axitinib is still unclear. 
Further studies are necessary to determine whether avelumab plus axi-
tinib is effective for the treatment of PAP. 

4. Conclusion 

We reported the successful treatment of RCC via avelumab plus 
axitinib therapy in a patient with PAP. Although the patient presented 
with minor AEs of treatment, improvement in metastatic RCC and PAP 
were observed. To the best of our knowledge, this is the first case to 
highlight the relative safety and efficacy of avelumab plus axitinib in the 
management of RCC, even in patients with PAP. 

Consent 

Written informed consent was obtained from the patient for publi-
cation of this case report and accompanying images. 
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