
Exercise Training to Improve Immunotherapy Outcomes in NSCLC:
The Phase 2 BOOST Trial

INTRODUCTION METHODS

SIGNIFICANCE

Why BOOST Matters
• Among the first randomized trials to test exercise as a non-

pharmacological strategy to enhance immune function 
during immunotherapy in NSCLC (Figure 5).

• Fully home-based, virtually supervised model designed for 
scalability and equitable access.

What the Trial Will Provide
• Evidence on whether exercise can improve systemic 

immune function and mitigate treatment-related toxicities 
during immunotherapy.

• A biobank of serial PBMC and plasma samples enabling 
mechanistic exercise–immunology analyses.

Future Directions
• Findings will inform a definitive Phase III trial of exercise 

combined with immunotherapy in lung cancer patients.
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Rationale
• Only 15–25% of patients achieve a significant clinical response, 

and more than two-thirds experience irAEs.
• Enhancing the proliferation, activation, and tumor infiltration of 

immune cells is a promising strategy to overcome immunotherapy 
resistance.

• Exercise improves systemic immunity through various 
mechanisms; however, exercise trials during immunotherapy are 
crucially lacking (Figure 1).

Objectives
• To examine the effects of 24-week exercise training in patients with 

NSCLC receiving immunotherapy on: systemic immune function 
(NLR; primary); cardiopulmonary fitness, physical function, and 
patient-reported outcomes (secondary); irAEs and immunotherapy 
response (exploratory).

Figure 1. Potential Mechanisms of Exercise in Immunotherapy

Design
• Phase II, two-arm randomized controlled trial at Fred Hutchinson 

Cancer Center (Seattle, WA); target N = 100 (Figure 2).
• ClinicalTrials.gov: NCT06983899.
Key Eligibility Criteria
• Histologically diagnosed NSCLC; age ≥18 years.
• On immunotherapy for ≥1 month with ≥24 weeks planned; ECOG 

0–2; <150 min/week of moderate-to-vigorous exercise.
Intervention
• Exercise: 24-week progressive home-based aerobic interval 

training on a provided stationary bike, supervised 1:1 virtually 
(Figure 3).

• Attention control: general healthy lifestyle guidebook and 
compensation equivalent to the exercise equipment value.

Endpoints
• Primary: change in neutrophil-lymphocyte ratio (NLR) from 

baseline to Week 26; secondary endpoints in Figure 4.
• Assessments (baseline & Week 26): blood draw, DEXA, pulmonary 

function, cardiopulmonary exercise testing, physical function tests, 
and questionnaires.

Statistical Analysis
• Intention-to-treat; ANCOVA adjusting for baseline value, cancer 

stage, comorbidities, and immunotherapy agent type.

Figure 3. BOOST Trial Study Schema
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Mid-point assessment (Week 13, remote): exercise behavior and immunotherapy-related adverse events (irAEs).    Both groups receive a general healthy lifestyle guidebook.

Figure 2. Mechanistic Rationale: How Exercise May Enhance 
Immunotherapy

EXERCISE STIMULI (EACH BOUT)

↑ Epinephrine & 
catecholamines

↑ Muscle-derived factors 
(lactate, myokines)

↑ Cardiac output & 
vascular shear stress

SYSTEMIC IMMUNE EFFECTS

↑ Mobilization & activation of CD8+ T 
cells and NK cells

↓ Neutrophils & systemic inflammation 
(↓ NLR, IL-6, CRP)

TUMOR MICROENVIRONMENT

↑ Perfusion & O2 
delivery; ↓ hypoxia

↑ T cell & NK cell 
infiltration

↑ Antitumor M1 
macrophages

Enhanced antitumor immunity → improved immunotherapy response 
and fewer immune-related toxicities

Adapted from Fiuza-Luces et al. 2021, Trends Cancer; Koelwyn et al. 2017, Nat Rev Cancer

Figure 4. Macro Periodization of Aerobic Interval Training Prescription
A. Periodized intensity & volume progression

Paired bars: work intensity (dark) / active recovery intensity (light)
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B. Session structure · Phase 3 example (40 min)

40

80

0 10 20 30 40
Time (min)

■ 2-min work @ 80% PPO     ■ 2-min active recovery @ 40% PPO     ■ 5-min warm-up / cool-down

Intensity anchored to peak power output (watts, resistance, cadence) from baseline CPET and titrated with continuous HR telemetry and rating of perceived exertion. Safety: pre-session BP screening; continuous HR & SpO2 monitoring. Session dose 28→40 
min; work-interval volume 10→16 min/session.

Figure 5. Study Endpoints

PRIMARY ENDPOINT

Systemic immune function
•  Δ NLR from baseline to Week 26 (fasting 
CBC with differential)
•  ITT analysis: two-sample t-test; ANCOVA 
adjusting for baseline NLR, stage, agent 
type & comorbidities
•  80% power to detect 0.597 SD (NLR 
2.06 → 1.55); N = 100 allowing ~10% 
attrition

SECONDARY · IMMUNE PROFILING

Mechanistic immune outcomes
•  Fasting blood at baseline & Week 26; 
PBMC, plasma & serum biobanked at 
−80°C
•  Flow cytometry: T & NK cell counts, 
activation & differentiation
•  Inflammatory cytokines & metabolic 
markers; ctDNA as a marker of tumor 
progression

SECONDARY · FITNESS & FUNCTION

Physical health outcomes
•  VO2peak by graded cycle CPET (Parvo 
Medics TrueOne 2400), 30-s averaging
•  SPPB: timed balance, 4-m gait speed & 
5× chair-stand
•  Whole-body DEXA: fat mass, lean mass 
& bone mineral density

SECONDARY · PATIENT-REPORTED

Patient-centered & clinical 
outcomes

•  HRQoL: EORTC QLQ-C30 & QLQ-LC29; 
sleep quality, anxiety & depression
•  irAEs: PRO-CTCAE symptom burden; 
CTCAE v5.0 incidence & severity grading
•  Immunotherapy response (RECIST), 
PFS & OS; exercise behavior (GLTEQ)
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