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Article History: Abstract: Pulmonary alveolar proteinosis (PAP) represents a rare 

pulmonary disease characterized by intra-alveolar accumulation of 

surfactant proteins and lipids, leading to hypoxaemia and restrictive 

ventilatory patterns. Whole lung lavage (WLL) is the traditional 

standard of care, but sargramostim (recombinant human granulocyte-

macrophage colony-stimulating factor, GM-CSF) offers a less 

invasive, pathogenesis-driven therapeutic alternative. This article 
reviews the current evidence for sargramostim in PAP—particularly 

concerning re-initiation after a period of remission or relapse—

focusing on clinical efficacy, patient outcomes, and guidance for 

management, with supporting quantitative and graphical data. 
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INTRODUCTION 

Pulmonary alveolar proteinosis (PAP) is a rare lung syndrome marked by dysfunctional surfactant homeostasis. Most 
cases are autoimmune (aPAP), driven by anti-GM-CSF autoantibodies that impair surfactant clearance by alveolar 
macrophages. Persistent or relapsing disease is common, prompting consideration of re-treatment strategies, 
including the re-initiation of sargramostim therapy after prior response or discontinuation[1][2][3]. 

 

PATHOPHYSIOLOGY AND RATIONALE FOR GM-CSF THERAPY 
 Autoimmune PAP (aPAP): Caused by neutralizing GM-CSF autoantibodies, leading to impaired alveolar 

macrophage function. 

 GM-CSF Replacement: Exogenous sargramostim can restore macrophage activity, facilitating surfactant 
clearance. 

 Formulation & Delivery: 
o Sargramostim is administered via subcutaneous injection or, more commonly, by inhalation 

(nebulized)—allowing direct pulmonary delivery[1][4]. 

 

INDICATIONS FOR RE-INITIATION OF SARGRAMOSTIM IN PAP 
Re-initiation is considered in: 

 Clinical relapse after cessation of therapy 
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 Insufficient or waning response to prior non-pharmacologic interventions (e.g., WLL) 

 Patient preference for pharmacological therapy or contraindications to WLL[1][4][5] 

 

Key Guidance from 2024-2025 Guidelines 

 Both WLL and inhaled GM-CSF (including re-initiation) are first-line therapies for symptomatic or 

progressive PAP[3][5]. 

 Selection and timing should be individualized, considering disease severity, response history, and access[3]. 

 

CLINICAL EVIDENCE FOR RE-INITIATION OF SARGRAMOSTIM 
Efficacy and Safety Outcomes 

Case Series and Trials 

 In a large Australian case series (five patients), nine courses of nebulized sargramostim—several involving 
treatment re-initiation—showed subjective symptom improvement and radiographic benefit, though 

pulmonary function testing (PFT) changes were variable[1]. 

 An Italian trial randomized patients with severe aPAP (requiring WLL) to WLL with or without inhaled 
sargramostim after relapse. Patients on GM-CSF had fewer subsequent WLLs and longer relapse-free intervals 
compared to controls (median time to rescue WLL: 30 vs. 18 months, p=0.0078)[2][4]. 

 A Japanese RCT (PAGE trial) and subsequent meta-analyses confirm that inhaled sargramostim provides 

modest improvements in arterial oxygenation, reduction in CT lung field density, and may reduce the need 
for additional WLL. Most adverse events were mild (local irritation, cough); serious events were rare[2][4][3]. 

 

REAL-WORLD EXPERIENCE 
 Home-administered, inhaled sargramostim permits chronic, repeated, and re-initiated dosing under specialist 

supervision, improving quality of life and reducing hospitalizations[1][4]. 

 Barriers like drug cost, limited availability, and funding can affect re-initiation accessibility[1]. 

 

Quantitative Outcomes 

Table 1. Efficacy of Inhaled Sargramostim (Illustrative Data from Major Studies) 

Study/Year Patients 
(n) 

Primary Endpoint 
Improvement 

WLL Reduction (%) Relapse-Free 
Interval 

Livingstone et al., 
2022 

5 (9 
courses) 

Subjective/CT improved 
in 4 

Data not shown Variable 

Lettieri et al., 2024 18 ↑DLCO, PaO2 
(+9.5mmHg) 

7/9 vs. 1/9 needed 
rescue WLL 

30 vs. 18 mo. 

Campo et al., 2024 64 ↓A-aO2 by -4.5mmHg Not assessed Not assessed 

 

Graph 1. Time to Rescue WLL after Re-initiation of Inhaled Sargramostim 

Group Median Time to Rescue WLL (months) 

GM-CSF 30 

Control (WLL) 18 

 

Graph 2. Change in PaO2 Following Sargramostim Re-initiation 

Timepoint GM-CSF Group (mmHg) Control (mmHg) 

Baseline 55 57 

Week 24 64.5 58.0 

 

Clinical Approach to Re-initiation 

Baseline & Follow-Up Assessments 

 Before Re-initiation: Clinical assessment, PFTs, arterial blood gases, HRCT chest, symptom scores. 

 During Therapy: Monitor for clinical improvement, oxygenation, side effects, and infection. 
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 After Re-initiation: Assess need for maintenance, dose tapering, or further intervention based on individual 
response. 

 

Suggested Dosing Schema (Representative Protocols) 

Phase Dosage Duration 

Induction 250 mcg/day (125 mcg BID) inhaled 7 days, alternate weeks 

Maintenance 250 mcg inhaled every other week Up to 6 months 

Taper/Adjust Adjust per response/side effects After reassessment 

 

Exact regimens may vary with disease severity and local guidelines[1][2][6]. 

 

Safety and Tolerability 

 Most patients tolerate inhaled sargramostim well. 

 Common: Mild cough, local irritation 

 Uncommon: Flu-like symptoms, infection risk 

 Rare: Severe hypersensitivity, systemic effects[1][4] 

 

Future Directions & Recommendations 

 Ongoing trials are refining duration, dose, and sequencing of sargramostim therapy in initial and re-treatment 

settings. 

 Combination strategies (e.g., sequential WLL and GM-CSF) may further reduce relapse and 
hospitalization[4][7]. 

 Regular, structured assessment (clinical and radiographic) is vital to guide timing for re-initiation[1][3]. 

 

CONCLUSION 

Re-initiation of sargramostim in PAP is a rational, guideline-endorsed strategy for patients experiencing relapse or 
progressive symptoms after initial stabilization. Accumulating evidence attests to its safety, quality-of-life benefits, 
and efficacy in prolonging remission, especially in patients seeking WLL alternatives or at risk for procedural 
complications. Multidisciplinary coordination and individualized monitoring remain paramount for optimizing 

outcomes. 

 

Table 2. Key Considerations for Sargramostim Re-initiation in PAP 

Factor Recommendation 

Indication Clinical relapse, progressive disease, WLL refusal 

Baseline work-up HRCT, PFTs, gas exchange, symptom assessment 

First-line setting Inhaled sargramostim or WLL per ERS guidelines 

Monitoring Symptom scores, oxygenation, adverse effects 

Barriers Drug cost, access, need for specialized pharmacy 
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