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ARTICLE INFO ABSTRACT
Keywords: A 55-year-old female patient affected by an EGFR mutant NSCLC with multiple lytic bone me-
Physical activity tastases and two prior pathological fractures, undergoing treatment with osimertinib and deno-

Bone metastasis sumab, participated in a 9-month physical exercise program. The exercise program was

performed twice a week and consisted of aerobic and strength training. Aerobic training was
composed of moderate-intensity continuous training for the first 3 months and then high-intensity
interval training. Strength training was performed through body-weight/elastic band exercises for
the first 6 months and isotonic machines from months 6-9. Assessments, performed every 3
months, included physical fitness parameters, such as functional capacity, muscle strength,
anthropometric measures, body composition, and quality of life. Functional capacity progres-
sively improved by 80 m at month 6 and slightly decreased by 22 m at month 9. At the end of the
intervention, grip strength increased in both arms, whereas the body composition showed a
progressive decrease in fat mass (—3.39 kg) and an increase in muscle mass (+3.89 kg) until
month 6 and then stabilization. Quality of life exhibits a great improvement in the first 3 months,
especially in the physical role, emotional functioning, fatigue, pain, dyspnoea, insomnia, appetite
loss, constipation, and diarrhea, and then maintained with little variations. This case suggests that
a highly structured physical exercise program may be feasible, safe, and effective in patients with
lung cancer and bone metastases if performed under the supervision of trained experts.

Lung cancer
Safety
Bone-targeted agents

1. Introduction

About one-third of patients with advanced non-small cell lung cancer (NSCLC) present bone metastasis at diagnosis [1]. Lytic
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lesions, which represent the most common type of bone metastasis in NSCLC, are characterized by an activation of osteocytes, resulting
in a rapid deterioration of the bone microarchitecture [2]. Metastases often deposit in the trabecular part of the bones, such as ribs,
spine, pelvis, proximal/distal femur, and homers, which are usually load-bearing, leading to an elevated fragility with a consequent
reduction in quality of life and high risk of morbidity [3]. Patients with NSCLC harboring epidermal growth factor receptor (EGFR)
mutations are more likely to develop bone metastases, be exposed to a high risk of pain and skeletal-related events (SREs), and thus an
increased risk of mortality [2]. For instance, a multicentric retrospective study including 274 patients with EGFR-mutant NSCLC
reported a prevalence of 63 % of SREs, of which 28 % were considered severe, such as bone fractures (20 %), hypercalcemia (2 %), and
spinal cord compression (11 %), and early occurrence of these events after the starting of tyrosine kinase inhibitors (TKIs) [4]. Specific
bone-targeted agents, including denosumab, a fully human monoclonal antibody directed against receptor activator of nuclear
factor-kB ligand (RANKL), are shown to be effective in delaying the time of SREs and reducing the number of SREs [5-7], with a
potentially positive impact on patient’s prognosis [8].

Despite these therapeutical advances, bone metastatic disease, especially in the presence of lytic lesions, is still a major challenge
for clinicians and patients. One of the most frequent concerns in these patients is related to their engagement in physical exercise due to
safety issues. For instance, a survey conducted on healthcare providers working in lung cancer settings found that about 40 % of them
agreed or had no opinion regarding the avoidance of performing physical exercise in the presence of bone metastases [9]. Nevertheless,
physical exercise may produce important benefits in patients with lung cancer [10,11]. Whereas epidemiological evidence has
observed an association between physical activity and survival [12], randomized controlled trials demonstrated the efficacy of
physical exercise in increasing the physical fitness components (i.e., cardiorespiratory fitness, strength, muscle mass) and in managing
different symptoms, such as anxiety, depression, fatigue, pain, and bone health [13-15]. Indeed, physical exercise, especially if dy-
namic, with a mechanical load, and at high impact, may produce a bone anabolic response, able to increase bone formation and
decrease absorption [3]. However, most evidence derives from the early-stage disease settings. Focusing on bone metastasis, the
available literature, mostly on patients affected by prostate or breast cancer, reported the safety, feasibility, and efficacy in terms of
physical fitness of a structured physical exercise program [16]. Of note, these trials often excluded the frailest patients, e.g., those with
bone pain, lytic metastases, prior pathological fractures, or multiple bone metastatic sites, or investigated a relatively short period-time
of training (i.e., 10-17 days), proposing isometric (static) exercises [3]. Evidence in the context of lung cancer and bone metastases is
even more limited. A systematic review examining the effects of exercise interventions included 221 patients with advanced lung
cancer, none of whom had bone metastases [17]. Similarly, ongoing clinical trials often exclude patients with bone metastases, making
the physical exercise in patients with lung cancer and bone metastases unexplored. In this still orphan context, we report the results of a
9-month combined physical exercise intervention performed in a patient with NSCLC affected by multiple lytic lesions and two
previous pathological fractures undergoing osimertinib and denosumab.

2. Case presentation

In December 2022, a 55-year-old woman, never smoker, with no relevant comorbidities, was hospitalized due to pain in the
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Fig. 1. Timeline of disease status and physical exercise intervention.
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scapulohumeral joint and pelvis, with impairment in walking and two pathological fractures in the spine (D5 and L4). Computer
tomography scan and subsequent liver needle biopsy revealed a lung adenocarcinoma with a deletion of exon 19 of EGFR (ex19del),
PD-L1 negative [stage IV (cT4 N1 M1c), according to TNM classification (Fig. 1.)]. Metastatic lesions involved the liver and the bones.
In detail, osteolytic bone lesions were located along the spine (D4-D6, L2-L5, S1-S5), in the ribs (II, IV, VI, X, dx; V, IX, sx), pelvis, and
proximal femurs. In January 2023, she started osimertinib (80 mg/die), and in February, she underwent palliative radiotherapy to the
pelvis (30Gy, 10 fractions). In March 2023, she began denosumab, 120mg every 28 days, and at the same time, she was offered the
opportunity to participate in a 9-month, tailored physical exercise program at the Department of Sport Sciences of the University of
Verona. In November 2023, the disease progressed, with an increase in the number and dimension of liver metastases, whereas the
bone lesions became osteoblastic. The subsequent liver re-biopsy demonstrated the persistence of the EGFR ex19del without the onset
of druggable resistance mechanisms; thus, in January 2024, the patient was enrolled in a clinical trial (testing chemo with/without
osimertinib prosecution).

This report was conducted according to the Declaration of Helsinki and Good Clinical Practice and reported following case report
(CARE) guidelines [18]. The authors obtained the patient’s consent for publication of clinical data, and her personal details were
anonymized.

2.1. Exercise intervention

The supervised training sessions were conducted by an experienced trainer with a master’s degree in preventive and adaptive
physical activity and expertise in exercise oncology, and performed at facilities of the Department of Sport Science, University of
Verona. The exercise prescription was designed following the current exercise guidelines for patients with cancer of the American
College of Sports Medicine [14], considering the indications for bone metastatic lesions [19]. In particular, the following recom-
mendations for bone metastases were adopted: i) limit exercises that directly load the bone metastatic sites (e.g., avoid trunk flex-
ion/extension/rotation), ii) educate the patient to the right movements and control the postural alignment, iii) prefer the gravity vs.
antigravity activities, iv) increase the balance to prevent falls and v) monitor pain level during each session and stop the activity if pain
raised.

The overall training was organized in 3 macrocycles (every 3 months) to achieve specific aims (Fig. 2.).

The first 3 months focused on improving the patient’s general physical condition, such as walking impairment, coordination, and
symptom management. The patient attended two weekly sessions, one supervised at the gym and one at home with written in-
structions, lasting approximately 60 minutes. Sessions started with a warm-up, including dynamic stretching exercise (5 minutes), and
continued with aerobic and strength training, concluding with a cool-down, comprising balance and static stretching activities (5
minutes). Aerobic training comprised moderate-intensity continuous training on a treadmill or walking (for the home-based sessions),
starting at 10 minutes and increasing by 5 minutes every two weeks, reaching 25 minutes. The intensity was monitored using the CR-10
Borg Scale and set at 3-5 RPE. Strength training included five body-weight or elastic-band exercises (i.e., leg extension, shoulder bench
press, calf raises, pulley, leg curl, biceps curl, and triceps extension), performed in 2-3 sets of 8-12 repetitions at moderate intensity (i.
e., 3-5 RPE). Exercises were adjusted based on patient capability, focusing on the correct technique. Abdominal exercises were
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Fig. 2. Physical exercise prescription and adaptation for the 9 months of training.
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excluded to reduce vertebral compression or fracture risk.

From months 3-6, the patient attended two weekly supervised sessions at the gym facility. This phase aimed to maximize im-
provements in cardiorespiratory fitness and muscle mass and reduce symptomatology. Whereas warm-up and cool-down remained the
same, aerobic training was replaced with aerobic interval training performed in 3-4 rounds of 2-3 minutes at higher intensity, i.e., 5-7
Borg Scale, interspersed by 2-3 minutes at a light intensity, i.e., 1-2 Borg Scale. The strength component was conducted using circuit
training of five body-weight or elastic bands exercises. Maximal repetitions of each exercise were performed for 1 min consecutively,
followed by a one-minute break, and the circuit was repeated twice per session.

Months 6-9 were dedicated to further improvement in the physical components. The aerobic interval training was re-proposed,
increasing the number of rounds (i.e., 3-5) and the duration of intervals performed at high intensity to 4-5 minutes. In this phase,
there was a transition to isotonic machines for five exercises, performed in 2-3 sets of 8-12 repetitions at moderate to somewhat
vigorous intensity (i.e., 3-6 RPE).

In each training phase, to ensure safety and optimal intensity, RPE and pain levels were recorded during and after aerobic training,
as well as after each set of strength exercises. Adjustments (i.e., treadmill incline, elastic band resistance, or machine weights) were
made when the perceived intensity deviated from the target. Examples of sessions for each phase are provided in the Supplementary
Material.

Table 1
Absolute scores of physical fitness and health-related parameters.

Variable At baseline At 3 months At 6 months At 9 months

Physical fitness

Functional capacity (m) 403 440 483 461

Heart rate (bpm) 146 148 146 149

Rate of perceived exertion (CR0-10) 6 5 5 5
Handgrip strength (kg)

Left arm 16.5 19 21.5 22

Right arm 22 24 28 24
Anthropometric values

Body weight (kg) 64.80 64.40 65.40 66.00

BMI (kg/m?) 25.90 25.80 25.90 26.10

Waist (cm) 91 91.5 89.4 98

Hip (cm) 100 94 95 102

Waist-hip ratio (cm) 0.91 0.97 0.94 0.96
Body composition

Fat mass (kg) 21.90 20.61 18.51 19.27

Fat-free mass (kg) 42.90 43.79 46.89 46.73

Muscle mass (kg) 40.70 41.60 44,55 44.40
Back scratch (cm)

Left arm -13.5 -13 -9 -13

Right arm 4.5 7.5 6 3.5
Chair sit and reach (cm)

Left leg -17.5 -10 -12 -6

Right leg -17 —-10 -11 -5

Patient-reported outcomes
Quality of life (score 0-100)

Physical functioning 66.67 80 73.33 80
Role functioning 33.33 100 100 100
Emotional functioning 33.33 91.67 91.67 75
Cognitive functioning 100 100 100 83.33
Social functioning 66.67 66.67 100 83.33
Global health status 50 66.67 83.33 50
Fatigue 77.78 11.11 11.11 33.33
Nausea/vomiting 33.33 0 0 0
Pain 83.33 16.67 0 16.67
Dyspnea 33.33 0 0 0
Insomnia 33.33 0 33.33 33.33
Appetite loss 33.33 0 0 0
Constipation 33.33 0 0 0
Diarrhea 66.67 0 0 33.33
Financial problems 33.33 0 33.33 33.33
Physical activity level (min/week)
Light 0 540 0 0
Moderate 0 60 420 240
Vigorous 0 0 0 0
Total 0 600 420 240
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2.2. Assessments

Physical fitness and patient-reported outcomes were assessed at baseline, 3 months, 6 months, and 9 months. To minimize sub-
jective bias, assessments at each time point were performed by the same exercise specialist, a researcher at the University of Verona
who had prior training in these operating procedures and who was not involved in the patient’s training.

Socio-demographic information was collected at baselines using a self-administered questionnaire, whereas safety and feasibility of
exercise were monitored throughout the study. A series of evaluations were proposed to assess physical fitness. Blood pressure, heart
rate, and oxygen saturation were recorded at the beginning of the assessment and before starting the physical tests.

Anthropometric parameters, which included height, weight, waist, and hip circumferences, were measured using standardized
tools and following World Health Organization procedures [20]. Body composition, including fat mass, fat-free mass, and muscle mass,
was estimated using a bioelectrical impedance scale (Tanita RD-545 HR).

According to Rickly and Jones’s procedure, flexibility was evaluated using the back scratch test and the chair sit and reach test [21].
For the back scratch test, the distance or overlap between the middle fingers of the hands behind the back was measured. For the chair
sit-and-reach test, the patient sat on the edge of a chair, extending one leg forward while reaching toward the toes. Two attempts were
performed for each test, with instructions to stretch without pain.

Upper muscle strength was measured using a handgrip strength test with a calibrated dynamometer, following the International
Organization for Standardization-certified procedure [22]. The patient was seated in a straight-backed chair with feet flat on the floor,
shoulder adducted and neutrally rotated, elbow flexed at 90°, and forearm and wrist in a neutral position. Five attempts were per-
formed per hand, with each contraction held for 2-4 seconds [22].

The “Six Minutes Walking Test” was used to estimate cardiorespiratory fitness, according to the protocol of the American Thoracic
Association [23]. The patient was instructed to walk as far as possible in a 20-m hallway at their own pace. Standardized encour-
agement was provided at regular intervals, and oxygen saturation, rate of perceived exertion, and heart rate were measured at the
test’s conclusion [23].

Quality of life was explored using the Italian version of the European Organization for Research and Treatment of Cancer Quality of
Life and Core Questionnaire (EORTC QLQ C-30), containing 30 items designed to assess cancer-specific QoL, symptom burden, and
functional scales [24]. Current physical exercise behavior was evaluated using Godin’s Shepard Leisure Time Exercise Questionnaire,
comprising three items to determine the frequency and duration of vigorous, moderate, or light activities in a typical week [25].

Circulatory parameters were extracted from medical records at baseline, 3, 6, and 9 months. Intervention feasibility was assessed by
calculating: i) attendance, i.e., the number of attended exercise sessions out of the scheduled sessions, ii) compliance, defined as the
ratio of the total completed volume compared to the prescribed one, iii) tolerance, corresponding to the patient’s perceived Rate of
Perceived Exertion (RPE) in comparison to the prescribed intensity, and iv) safety, evaluated as the number of adverse events linked to
exercise intervention, following the Common Terminology Criteria for Adverse Events, version 5.0 [26].

3. Results

During the 9-month of training, no adverse events of any grade related to exercise were registered. Overall attendance was 90 %
(65/72), and the main reasons for missed sessions were hospital appointments (n = 4) and fever (n = 3). Between months 6-9, a dose
reduction in the strength training was necessary due to knee pain, whereas the HIIT required a dose reduction in two sessions due to
excessive fatigue during the last 3 months of the program. Tolerability was optimal without pain in the bone metastatic lesions during
the training activity.

Physical fitness and patient-reported results are shown in Table 1. Briefly, improvement in functional capacity was observed at 3
(+9.2 %), 6 (+19 %), and 9 (+14.3 %) months, compared to baseline value. A progressive increase in the upper limb strength was
observed for both arms until it reached +27.2 % for the right arm and +33.3 % for the left arm. Whereas lower limb flexibility
gradually improved over the months, the back scratch test remained stable, with little variations during the time points. Body weight
and anthropometric measures increased over the 9 months. Body composition analysis showed a reduction of fat mass (—15.4 %) and a
considerable increase in fat-free mass (+9.3 %) and muscle mass (+9.4 %) from baseline to month 6, which remained stable until
month 9. Several domains of quality of life improved especially from baseline to month 3, such as physical (66.7 vs. 80.0 points), role
(33.3 vs. 100.0 points), and emotional (33.3 vs. 91.7 points) functioning, fatigue (77.8 vs. 11.1 points), pain (83.3 vs. 16.7 points),
dyspnea (33.3 vs. 0.0 points), insomnia (33.3 vs. 0.0 points), appetite loss (33.3 vs. 0.0 points), constipation (33.3 vs. 0.0 points), and
diarrhea (66.7 vs. 0.0 points). Few variations in these domains were observed during the other time points, with a little worsening at
month 9, probably due to the concurrent disease progression. The total amount of physical activity, especially that performed at
moderated intensity, increased from baseline to months 3 and 6 (0 vs. 420 min/week) and slightly decreased at month 9 (420 vs. 240
min/week). Circulatory parameters (Supplementary Materials) did not exhibit any significative changes and remained within the
normality range, apart from hemoglobin (at baseline, months 3, 6, and 9), platelets (at months 6 and 9), leukocytes (at month 9),
lymphocytes (at baseline, month 3 and 6), calcium (at baseline and month 3), which resulted below the normality range and AST and
ALP at month 9 which were above the range.

4. Discussion

Herein, we have reported that a 9-month, highly structured, and supervised physical exercise program, including aerobic and
strength training, is safe, feasible, and effective in increasing physical fitness and ameliorating the quality of life of a patient affected by
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NSCLC with multiple osteolytic bone lesions. Indeed, no adverse events were observed during the training period, and the attendance,
compliance, and tolerability results highlight the feasibility of this type of intervention. These findings are particularly crucial given
the relevant safety concerns limiting both the clinical management and physical exercise promotion in this population. In addition, to
the best of our knowledge, no prior data were available for patients with multiple lytic lesions.

Beyond its safety profile, our intervention improved the overall patient’s condition, especially in terms of functional capacity,
muscle strength, and body composition. Functional capacity increased by 80 m during the first 6 months of training and slightly
decreased to month 9, resulting in an overall improvement of 58 m. Comparable findings have been reported in two meta-analyses [15,
17]. The first, investigating the effects of physical exercise on functional capacity in patients with NSCLC post-lung resection,
demonstrated a mean increase in walking distance of 57 m (95 % CI: 34-80 m), and the second, focusing on patients with advanced
lung cancer, reported a mean improvement of 63.33 m (95 % CI: 3.70-122.96 m). Although some factors, including, for instance, the
occurred disease progression, may have contributed to a decrease in the walked maters from months 6-9, the overall improvement
from baselines can be considered clinically relevant. Indeed, functional capacity has been identified as a key prognostic factor in
metastatic NSCLC, with every 50-m increase linked to a 13 % reduction in mortality risk [27].

The intervention also led to significant gains in handgrip strength, with increases of 5.5 kg in the right arm and 2 kg in the left arm,
alongside notable body composition remodelling. Over the 9-month period, fat mass decreased while muscle mass increased by over 4
kg. Such changes are particularly valuable given the prognostic role of muscle mass and strength in metastatic NSCLC patients. In this
sense, sarcopenia is a recognized prognostic factor for overall response rate and overall survival in patients with metastatic lung cancer
[28]. To reinforce the data observed by the body composition analyses, the anthropometric measures revealed a gain in body weight,
waist, and hip circumferences, which progressively increased at the different time points, especially until month 6. Additionally, also
flexibility improved during the intervention, particularly in the lower limbs, with both legs showing an increase of 11 c¢m. This
improvement is highly significant given the physical limitations and reduced mobility often caused by lytic metastases in the spine,
pelvis, and femurs and their consequence on overall quality of life. In the upper limbs, variations were observed across assessments,
with general maintenance of flexibility in the left arm despite the pain reported at diagnosis.

While our findings are preliminary and require further validation, some plausible mechanisms underlying the synergistic benefits
of denosumab and exercise contribution to bone health warrant discussion. Since denosumab has demonstrated to reduce the incidence
of SREs in patients with NSCLC, it is possible that its administration, concomitant with physical intervention, could have contributed to
guaranteeing the safety of the exercise programs. On the other hand, since the mechanical stimuli induced by physical exercise are
well-recognized factors in increasing bone mineral density and content, it may be hypothesized that our intervention may have had a
synergistic effect with osimertinib and the bone-targeted agent in improving the overall bone health and maybe the remineralization of
the lytic lesions, how highlighted in the radiological images. Additionally, the bone metastases tumor microenvironment is highly
influenced by the interplay between bone cells, immune cells, and cancer cells, and the combination of anticancer therapy, denosumab,
and exercise may theoretically contribute to interrupting the “vicious cycle” of bone metastases. Although these observations are
purely speculative and need to be further explored, the combination of physical exercise with denosumab may offer additional benefits
for these patients.

The last consideration concerns the impact on quality of life. The presence of bone metastases inevitably has a negative impact on
functioning and some symptoms, such as pain, which may occur in up to 80 % of these patients [2]. In our case, the prolonged physical
exercise program resulted in substantial improvements across several quality-of-life domains, including a marked reduction in pain
and fatigue levels, enhancement in global health status, and functioning domains. While these clinical benefits are expected from
treatment with osimertinib in combination with denosumab in a patient with EGFR-mutant NSCLC, a wealth of evidence supports the
additional role of physical exercise in mitigating cancer and treatment-related side effects and enhancing quality of life [13]. Notably,
in our case report, these improvements occurred early, in the first 3 months of the exercise program, then stabilized in the following
period, and some of them worsened at month 9, such as almost all the outcomes assessed. While these fluctuations cannot be fully
explained, it is plausible that factors such as disease progression, a reduction in exercise dose, and the onset of new symptoms may have
played a role. This may underscore the importance of tailoring exercise interventions to accommodate changes in treatment plans and
symptom profiles. This may be particularly important in patients with metastatic NSCLC, where multiple therapies are often
administered concurrently to manage bone metastasis-related morbidities.

Of note, the exercise intervention led to notable gains in the patient’s psychological well-being, e.g., emotional and cognitive
functioning. This is in line with the current literature [29] and further strengthens the positive effect of exercise on moods also in
patients affected by bone metastases. The improvement in psychological well-being may have clinical implications since it has been
demonstrated to be fundamental in increasing compliance with treatments [30]; thus, modalities, such as physical exercise, to enhance
it are relevant. Further, balanced mental well-being may also favor the patients’ adherence to an exercise program, probably
enhancing their possibility of benefiting.

Besides its design as a single-case report, other limitations must be acknowledged. First, the lack of follow-up data reduces our
ability to evaluate the long-term sustainability of the observed benefits. Another limitation could be related to the body composition
assessment tool. Indeed, the bioimpedance analysis is practical, but the model used in this case report did not have a validation article,
even if it is largely utilized in the research context. For this reason, although all the indications, e.g., clothing and hydration, have been
adopted, the findings related to body composition should be taken with caution.

The patient included in this study represents a typical clinical scenario, reflecting the complexity of managing NSCLC with bone
metastases. NSCLC is the second most commonly diagnosed cancer worldwide, with an increasing incidence among women. Notably,
approximately 30 % of patients present with bone metastases at diagnosis, and at least one SRE occurs, often necessitating radio-
therapy or managing pathologic fractures [31]. Proper SRE management is thus crucial in improving outcomes for these patients.
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When promoting exercise programs, it is important to acknowledge individual differences and adapt interventions to the unique
conditions of each patient. For example, in early-stage NSCLC, where surgery combined with systemic therapies offers the best chance
of a cure, exercise programs should focus on prehabilitation to optimize surgical readiness and post-surgical rehabilitation to restore
functional capacities. Conversely, in patients with advanced or inoperable NSCLC, the primary goals of exercise interventions shift
toward prolonging survival, mitigating treatment side effects, and improving quality of life. In cases of metastatic disease, the exercise
program must also consider the number, location, and severity of bone lesions, as these factors influence both the safety and the
objectives of the intervention. Furthermore, patient-specific factors such as age, presence of comorbidities, and the type of treatment
being received (e.g., targeted therapies, immunotherapy, or chemotherapy) are critical in tailoring the exercise program to maximize
its effectiveness while minimizing risks.

Future research should focus on expanding the sample size and adopting a more robust design, such as a randomized controlled
trial, to enhance the generalizability and reliability of the findings. Such studies should also include extended follow-up periods to
assess the durability of the intervention’s effects over time.

To conclude, we found that a highly structured and supervised physical exercise program was safe, feasible, and effective in
increasing the physical condition of a patient with NSCLC affected by multiple osteolytic lesions. The supervision by a trained exercise
specialist may be the key to ensuring the safety of the intervention, as well as the improvements in both physical fitness and quality of
life. Our patient reported in her testimony: “With these personalized exercises, I returned to walk ... I never thought I would walk normally
again. I think that this program helped me to manage my pain level; I have reduced the assumption of analgesic and opioid drugs ... I feel stronger
and safer in my movements” (The patient).
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