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Abstract

The ADRENALINE pilot study explores the role of physical activity in health outcomes among
patients with Chronic Lymphocytic Leukemia (CLL), focusing on disease markers, functional
capacity, immune parameters, and quality of life. This baseline analysis includes treatment-naive
participants enrolled between September 2023 and August 2024, prior to randomization. Eleven
patients (aged 47-78 years) underwent assessments of body composition, cardiovascular fitness,
muscular strength, and immune profiling. Quality of life was evaluated using validated
questionnaires (FACIT-F, EORTC QLQ-30/CLL17), and daily activity was objectively measured via
accelerometry. Correlation analyses examined associations between physical activity, muscle
strength, lean mass, and physical aptitude. Despite high self-reported physical function, participants
demonstrated suboptimal body composition and cardiovascular fitness. Accelerometry revealed
marked sedentary behavior, particularly among females, and overall activity levels were below
current recommendations. Moderate-to-vigorous physical activity correlated positively with
muscular strength and lean mass. Immune profiling identified variability in key markers, warranting
further investigation of their relationship with physical activity. These findings highlight the need
for tailored interventions to increase activity and reduce sedentary time in CLL patients and support
incorporating functional and immune monitoring into survivorship care.

Keywords: physical activity; exercise; resistance training; quality of life; chronic lymphocytic
leukemia; oncology

1. Introduction

Chronic Lymphocytic Leukemia (CLL) is a hematological disease caused by the proliferation of
monoclonal mature B lymphocytes [1] with a prevalence of 25% to 35% of all leukemias and one of
the most common forms in adults in Western countries [1]. Patients with CLL tend to adopt sedentary
behaviors due to disease symptoms as it progresses, including fatigue, shortness of breath during
regular physical activity, lymph node enlargement, low-grade fever, unexplained weight loss, night
sweats, feeling of fullness (related to enlarger spleen or liver) and multiple infections [2]. As a result
of these changes, there is often a notable decrease in physical fitness with the consequent decrease of
overall quality of life [3]. Additionally, the psychological impact of the disease, including anxiety and
depression, further exacerbates this condition, underscoring the critical need for interventions that
promote physical activity and support the maintenance of independence to perform daily activities.

Individuals with cancer are not any more likely to be physical inactive than those who never
had cancer, however, in a Canadian Community Health Survey with patients with current cancer or
cancer history it was found that activity levels in all studied groups were much lower than
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recommended [4]. While current treatment for patients with Chronic Lymphocytic Leukemia focuses
on a multifaceted approach, aiming to address both physical and psychological challenges [5], many
patients still experience significant discomfort that hinder daily functioning and reduce their quality
of life [6].

Recent studies have explored the impact of physical activity on CLL patients with research
suggesting that many treatment naive CLL patients are physically inactive and have high levels on
inflammation [7]. Regular physical activity has been shown to have significant positive effects in
general population, with moderate to vigorous exercise being associated with reduced risk of
infections [8], and improving immune competence acting as a countermeasure against chronic
systemic inflammation [9], characteristics of CLL disease symptoms.

Physical activity may play a crucial role in maintaining an active lifestyle before, during and
after treatment [10,11] and regular physical activity may improve physical function enhancing mood,
self-esteem, and overall well-being [12]. With the need for more robust research to determine the
most effective exercise intervention for cancer population, many studies have already provided
strong evidence supporting the prescription of exercise therapy for managing metabolic syndrome-
related disorders (insulin resistance, type 2 diabetes, dyslipidemia, hypertension, obesity), heart and
pulmonary diseases (chronic obstructive pulmonary disease, coronary heart disease, chronic heart
failure, intermittent claudication), muscle, bone and joint diseases (osteoarthritis, rheumatoid
arthritis, osteoporosis, fibromyalgia, chronic fatigue syndrome) as well as cancer, depression, asthma
and type 1 diabetes [13]. Several controlled trials indicate significant improvements on cardiovascular
fitness with aerobic exercise [14-16], on muscle fitness with resistance exercise [17], with impact on
immunologic response [17-19] and cancer related fatigue [14,15]. Yet, in a study with a population
from Canada, with 606 survivors of hematologic cancer, only 22% met combined exercise guidelines,
and just 10% met strength-only guidelines [20].

Objectively assessed physical activity with accelerometry provide accurate and objective data
[21,22] regarding prognostic and quality of life measures such as objectively quantification of time in
sedentary behavior, light and moderate to vigorous physical activity, and body position [23,24]. This
objective data on patients’ activity levels, have been linked to better survival outcomes and lower
disease symptoms [25,26] and by integrating this technology and data, clinicians can tailor
interventions to enhance physical activity levels, potentially improving patients overall health and
treatment response [27]. This approach offers a non-invasive, continuous monitoring tool that aligns
with personalized medicine initiatives in oncology [28] facilitating the accomplishment of clinical
interventions.

Regarding CLL patients, a common symptom reported by patients is fatigue. From current
studies interpretation, the circadian clock has been shown to influence numerous immune cells at
both the molecular and cellular levels [29]. The maturation of neutrophils, the most common
leukocytes found in human blood, is rhythmic, and their antimicrobial activity behaves in a time-of-
day dependent manner [29]. The objectively assessed physical activity may enlighten if daily physical
activity in CLL patients follows this circadian clock pattern.

The aim of the current study is to explore the interaction between daily physical activity levels
with disease markers (blood counts and diagnose markers of the disease) and physical and functional
capacity (aerobic and muscular), to analyze how CLL patients perceive their physical and functional
capacity, and to investigate if different times of the day infers on physical activity patterns in
diagnosed CLL patients in treatment naive phase.

2. Results

During the recruitment phase, from September 2023 until August 2024, twenty-three patients
were assessed for eligibility in clinical hematology consultation, with 6 patients excluded due to not
meeting inclusion criteria. After clinical screening we were unable to reach contact with 4 patients,
while another 2 referred transportation issues to comply with physical fitness screening. Eleven
participants were consented into the study. The complete flowchart can be consulted in Figure 1.
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Clinical Hematology Consultation:
(Assessed for eligibility (n= 23)

Exclusions:
= Prespecified exclusions criteria (17 %)
* Age <45y and >80y (4 %)
* Indication to begin CLL treatments (4 %)
+ Engagement in regular exercise program (0 %)
* Inability for performing exercise (9 %)
= Living too far away from training facilities (4 %)
= Not interested in participate (4 %)

A
Patients that met inclusion criteria
(n=17)

Clinical screening:
Patients physically assessed (n =17)

| * Unable to reach contact (n=4)
"| » Transportation problems (n= 2)

Data collection from present study

A

TO: Baseline evaluation
Patients completed test battery
(selected out according to temporal order of signed
informed consent)

ADRENALINE Major Study data collection

(n=11)
N
Y
Randomization
REx group Control group
(exercise intervention 16 weeks) (standard care 16 weeks)

| |
'

T1: Endpoint evaluation

I

T2: 6 months follow-up evaluation
(for intervention group only)

-

Figure 1. Scheme of patient’s recruitment and data collection. REx=Resistance Exercise. CLL=Chronic

Lymphocytic Leukemia.

Total sample comprised eleven participants, 7 men and 4 women with mean age of 65.55 (+9.73)
(range: 47-78) years. Regarding baseline characteristics for body composition, this group of patients
presents above weight recommendations with overall average BMI =26.72 (2.22), and slightly overfat
with body fat percentage for male and female patients of 36.7 (5.7) and 24.3 (6.8) percent, respectively.
Regarding bone health, measured by DEXA, female group is in osteopenia stage (T-score less than -
1 SD from normal values), while in male group only 3 patients reveal this condition. None of the
patients reveal osteoporosis, however only 4 (36.4%) patients revealed healthy bone measures.
Differences between genders show relevant statistical significances in height, body fat percentage,
lean mass and femur neck bone mineral density, favoring male participants.

Overall mean time since diagnosis was 3.65 (range: 1.12-10.31) years. Participants were mostly
on RAI stage I (54.5%), BINET stage A (72.7%) and ECOG status 0 (63.6%). Due to inclusion and
exclusion criteria, this was expected, since patients were in surveillance phase, without treatment.
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When analyzing the measured hematologic parameters, patients show percentages of
lymphocytes counts above normal values (expected in CLL disease), while neutrophils appear
particularly low [40.0% (11.7)]. Regarding immunologic parameters, only 1 patient revealed
unfavorable prognostic with B2-microglobulin above 2.5 ug/l, an indicator of high tumoral charge
and disease activity, while immunoglobulins appear controlled, with favorable values indicating low
risk for infections. The complete description, at baseline, of Demographic, Body Composition,
Hematologic and Immunologic data can be consulted in Table 1.

Table 1. Baseline of demographic, body composition, hematologic and immunologic data (n = 11). Values are
means (standard deviations). BMI=Body Mass Index. WBC=White Blood Cells. RBC=Red Blood Cells.

LDH=Lactate Dehydrogenase. =Bold values are out of the normative reference intervals.

Male (n=7) Female (n=4) Full Sample (n=11)
Variable Range Mean (SD) Range Mean (SD) Range Mean (SD)
Demographic and Body Composition Data
Age (years) 47-73 61.7 (9.5) 63-78 72.3(6.5) 47-78 65.6 (9.7)
Height (cm) 155-177 169.1 (8.6) 143 - 162 1528 (10.1) 143-177 163.2 (12.0)
Weight (kg) 585-938 77.2(14.0) 520-734 60.8 (9.7) 52-938 71.2(14.6)
BMI (kg/m®) 23.8-306 27.0(2.6) ¥ 246-284 26.3(1.6) ¥ 23.8-306 26.7(2.2) ¢
Body Fat (%) 14.8-36.6 243 (6.8) 7 29.7-434 36.7(5.7) ¢ 148-434 288 (8.7) ¥
Lean Mass (kg) 459-67.6 55.2(7.3) 32.0-43.1 36.8(5.6) 32-67.6 48.5(11.3)
Femur Neck BMD
o 0.64 - 0.95 0.81(0.13) 0.60 - 0.67 0.64 (0.03) 0.60-0.95 0.75 (0.13)
(g/em’)
Femur Neck BMD (T-
score) -22-0.1 -0.91 (0.92) -22--1.6 -1.83(0.29)+ -22-0.1 -1.24 (0.86) +
Hematologic/l logic Data
Hematocrit (%) 399-488 444 (29) 36.0-432 403 (3.5) 36488 423(33)
RBC (x10"/L) 42-52 4.7(04) 39-51 4.7(0.6) 39-52 4.7(0.5)
Hemoglobin (g/dL) 128-16.2 14.5(1.1) 116142 13.1(1.2) 11.6-16.2 14.0(1.3)
Platelets (x10%/L) 115-302 176.3 (75.9) 190 - 299 238.5(49.3) 115-302 198.9 (71.9)
WBC (x10°/L) 7.2-337 18.1 (9.2) 10.1-17.6 13.7(3.1) 7.2-337 16.5 (7.6)
Lymphocytes (%) 37.1-722 52.6(13.3) 1 542-770 623 (10.2) ¥ 37-1 56.1 (12.7) ¥
Monocytes (%) 05-53 3219 26-49 3.6(1.0) 05-53 34(16)
Neutrophils (%) 12.5-47.6 274 (10.6) ¥ 19.8-423 328094) ¢ 125-476  294(10.1)
Albumin (g/L) 41.8-532 456(4.1) 434457 449 (1.1) 41.8-532 453 (3.1)
LDH (units/L) 132186 160.4 (21.4) + 132 -226 188.0 (40.6) 132-226 170.5 (31.0) 1
B2-microglobulin (pg/1) 1430 - 1690 1552.8 (108.3) 13692590 1854.8(521.2) 1369-2590 1687 (364.8)
IgG (mg/dL) 706 - 1860  1169.2(421.2) 8961070 991.8 (75.7) 706 - 1860 10903 (315.6)
IgA (mg/dL) 53-328 175.2(114.1) 106 — 180 140 (34.9) 53-328 159.6 (85.5)
IgM (mg/dL) 20-114 62.4 (34.3) 40167 92.3 (53.6) 20-167 75.7 (43.7)

Regarding Physical Fitness parameters, this group of patients revealed a very low
cardiovascular capacity with mean values of 16.1 (5.1) ml/kg/min ranging between 9.0 and 24.3
ml/kg/min VO2peak. None of the patients exceeded 135 watts of peak power in the cycle ergometer
maximal test, reaching 85% maximal heart rate criteria, with a mean value of 84 (45.4) watts.
Regarding strength characteristics, a peak torque knee extension of 113.1 (54.3) N.m and flexion of
55.4 (21.3) N.m reveal a ratio of 52.6% between agonist/antagonist. Differences between genders show
relevant statistical significances in all physical fitness parameters, favoring male participants.

Concerning accelerometry, participants have coped with a minimum of 4 weekdays and 1
weekend day established as inclusion criteria for analysis. So, for this group of patients, the usability
and feasibility of the wearable device wear were accomplished, exceeding it. When analyzing
sedentary behavior, the patients spent 58% of their time in this behavior, while light, moderate and
vigorous physical activity counts for 39%, 2.4% and approximately 0%, respectively. When exploring
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daily physical activity and sedentary time, male patients revealed less sedentary time and more
physical activity when compared to female patients, with male groups showing 53.5% of the time in
sedentary behavior while the female group showed 67.5%. When comparing light and moderate-to-
vigorous PA, both genders reveal more light PA between 12h00 and 18h00, but patterns of moderate-
to-vigorous PA are different between genders, with female group revealing more MVPA between
7h00 and 12h00, while in male group appears to be around 12h00 until 18h00, as depicted in Figure
2.

Gender: Male Gender: Male

W Sedentary
MLight

10,000 600

8,000

6,000

Sum (min)

4,000

(wing sainuiw) YdAW [e10L

Light PA (Minutes Sum)

2,000

00:00-07:00  07:00-12:00  12:00-18:00  18:00-00:00 00:00-07:00 07:00-12:00 12:00-18:00 18:00-00:00
Part of Day Part of Day
Gender: Female Gender: Female
[l Sedentary

MLight

00z

6,000

0s1

(wng saynuiiy) VdAW [®10L

4,000

001

Sum (min)
Light PA (Minutes Sum)

2,000

00:00-07:00  07:00-12:00 12:00-18:00 18:00-00:00 00:00-07:00 07:00-12:00 12:00-18:00 18:00-00:00
Part of Day Part of Day

Figure 2. Representative accelerometry analysis to illustrate the differences between parts of the day and
Physical Activity patterns grouped by gender. MVPA=Moderate-to-Vigorous Physical Activity. PA= Physical
Activity.

When analyzing quality of life questionnaires our data reveal that in the EORTC, patients have
a perception of high physical functioning 83.63 (13.79), also in line with FACIT-F with the perception
of high physical well-being of 24.27 (2.49) of a maximal 28 points. The complete description of
baseline of Physical and Functional capacity, Accelerometry and Quality of Life data can be consulted
in Table 2.

When analyzing the influence of MVPA on the outcomes of CLL patients, higher MVPA levels
were associated, albeit without statistical significance, with a tendency toward lower B2-
microglobulin levels and resting systolic blood pressure, as well as higher lean mass, BMI, and
strength-related parameters, including left- and right-hand grip strength and isokinetic extension and
flexion strength.

Table 2. Baseline of Physical and Functional capacity, Accelerometry Data and Quality of Life Questionnaires (n
=11). Values are means (standard deviations). FACIT-G=Functional Assessment of Cancer Therapy — General.

FACIT-F=Functional Assessment of Cancer Therapy — Fatigue.
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Male (n=7) Female (n=4) Full Sample (n=11)
Variable Range Mean (SD) Range Mean (SD) Range Mean (SD)
Physical and Functional Capacity
f‘f:t‘ts};"w“ Output 75-135  112.5(24.6)  15-90 41.3(33.3) 15-135  84.0 (45.4)
VO2 (mlkg/min) 12.5-243 19.3 (3.9) 9-14.1 11.5(2.1) 9-242 16.1(5.1)
Peak Torque Knee
Extension (N.m) 92.2-238.1 140.5(52.1) 42.8-102.1 72.1(24.5) 42.8-238.1 113.1(54.3)
Peak Torque Knee
Flexion (N.m) 47.3-92.7 67.5(19.5) 35.7-40.1 37.3 (2.1) 35.7-92.7 55.4 (21.3)

Peak Grip force Left (kg) 42.6—55.5 49.4(50) 165-293  232(7.0) 165-555 38.9(14.6)
Peak Grip force Right 35 5 _ 609 484 (10.6) 18.2-308  24.6(7.1) 182-60.9 38.9(15.2)

(kg)
Accelerometry Data
é;ig’;ige Wear Time 739 - 937 832 (71) 685821 761 (65) 685-937  805.9 (75.0)
Sedentary Time 4455 470.4
(min/day) 296 — 610 (107.1) 404 - 653  513.9(104.2) 296 — 653 (106.5)
Light Physical Activity B B B 315.9
(min/day) 271-541  361.6(92.5) 167-302  2359(59.5) 167 — 541 (101.1)
Moderate Physical
Activity 9.7-463 247(14.0) 0.7-241  10.6(11.5) 0.7-463  19.6 (14.4)
(min/day)
Vigorous Physical
Activity 0-06 0.08 (0.22) 0-0 0.00 (0.0) 0-06 0.05 (0.17)
(min/day)
Quality of Life Questionnaires
FACIT-F
Physical we(g'ﬁez“g 24-27 25(1.2) 18- 26 23 (3.8) 18-27 243 (2.5)
Functional We(g'fez“g 20-26 23.1(2.3) 19-25 21.5 (2.6) 19 -26 22.6 (2.5)
Fatigue S(‘(;"_“Sazl‘; 39 - 46 42.1(2.5) 30 - 45 39.3 (7.2) 30 - 46 41.1 (4.7
FACIT-G T‘Eg‘l_sfgg 73-102  88.6(10.8)  82-90 86.3 (3.5) 73-102  87.7(8.6) |
FAC'(T(;ETI%‘S‘)I 118-144  130.7(10.2) 115-133  1255(7.5)  115-144  128.8 (9.3)
EORTC-QLQ30
(0 - 100)
Physical functioning  73.3 - 100 89.5 (12.1) 60 -86.7  73.3(10.9) 60-100  83.6 (13.8)
Average Symptom Scale  2.5-23.5  11.5(7.8) 2.5-23.5 17.0(9.8)  2.5-23.5  13.5(8.5)
EORTC-QLQ-CLL17
(0 - 100)
Symptom burden 5.6 -27.8  15.1(8.9) 0-50 19.4 (21.5) 0-50 16.7 (13.8)
Physical condition /
fatime 025 11.9 (8.1) 0-50 22.9 (22.9) 0-50 15.9 (15.1)
Worries / fears about ¢ cc2 2650194y 0524 25 (26.5) 0-66.7  26.0(20.9)

health and functioning

High positive correlations with statistical significance were found between total MVPA and peak
torque knee extension (r =0.78, p = 0.008), peak torque knee flexion (r = 0.77, p = 0.010), grip strength
of right hand (r = 0.74, p = 0.015); and between Lean Mass and Femur Neck Bone Mass Density (r =
0.66, p = 0.029), VO2peak (r= 0.86, p=0.002), Peak Torque Knee (Extension (r= 0.82, p=0.004) and
Flexion (r=0.86, p=0.001)), Peak Grip Force [Left (r= 0.88, p=0.001) and Right (r=0.82, p= 0.003)]. The
association between Lean Mass and MVPA (r=-0.45 and r=-0.54 respectively) with B2-microglobulin
disease marker revealed a negative medium correlation, but without statistical significance. The
complete description of correlations can be found in Table 3.

Table 3. Correlations between total Moderate-to-Vigorous Physical Activity (MVPA) and Lean Mass against
physical variables. (*) Correlation is significant at the 0.05 level (2-tailed). (**) Correlation is significant at the 0.01
level (2-tailed).
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Total MVPA (min) Lean Mass(g) VO:(mU/min) VO,(ml/kg/min)

r p-value r p-value r p-value r p-value

Total MVPA (min) - - 0.57 0.068 0.28 0.438 0.005 0.988
Body Fat (%) -0.31 0.359 -0.50 0.115 -0.55 0.103 -0.74** 0.014
Lean Mass (g) 0.57 0.068 - - 0.86** 0.002 0.61 0.062
Femur Neck BMD (g/cm3) 0.21 0.530 0.66* 0.029 0.86** 0.002 0.84** 0.002
VO (ml/min) 0.28 0.438 0.86** 0.002 0.87** 0.001
VO; (ml/kg/min) 0.01 0.988 0.61 0.062 0.87** 0.001

Peak Torque Knee
0.78* 0.008 0.82** 0.004 0.69** 0.027 0.43 0.2M1

Extension (N.m)

Peak Torque Knee Flexion o

.77** 0.010 0.86** 0.001 062 0.067 041 0.240
(N.m)

Peak Grip force Left (kg) 0.58 0.078 0.88** 0.001 0.77** 0.009 0.59 0.074

Peak Grip force Right (kg) 0.74* 0.015 0.82** 0.003 0.57 0.086 0.41 0.235

3. Discussion

The early dissemination of study baseline data offers important contributions to the
understanding of CLL in treatment naive stage characteristics. The data collected to date offers
valuable insights into the initial profile of patients, allowing sample characterization and
identification of initial trends, that may diverge from common knowledge from available literature
and clinical practice. The present study addresses the characteristics of diagnosed Chronic
Lymphocytic Leukemia patients in “watch and wait” phase and the relation between PA levels with
significant health outcomes, without implemented immunochemotherapy treatment or indication for
treatment initiation.

Participants revealed values above baseline normative data in healthy populations regarding
the percentage of body fat parameter. Considering that there are no universally accepted norms for
body fat percentage, according to ACSM an optimal range of 10%-22% and 20%-32% for men and
women, respectively, has long been viewed as satisfactory for health [48]. This group of patients,
slightly above with 24.3% and 36.7% of body fat for men and women, respectively, reveal a factor
that may impact symptom burden, since correlations of present data suggest a statistically significant
association between body fat percentage and VO2peak, Fatigue, Physical Functioning and Average
Symptom Burden (last one with median correlation without statistical significance), also in line with
available studies with CLL population [14,15,17].

The unfavorable body composition profile may be partially explained by the Physical Condition
parameter, where this group of patients revealed a low cardiovascular fitness, with the best test value
in our overall sample of 24.3 ml/kg/min VO2peak, taken by a male patient nevertheless still below
the minimal expected for a healthy female adult which is of 27 ml/kg/min according to literature [48].
Current knowledge advises that the increment in VO2 is associated with lower levels of fatigue
[14,15], higher levels of muscular resistance and bone mineral density [14-16], improving physical
functioning and well-being [12], which may directly impact daily tasks, maintaining daily physical
activity, and reducing disease-related fatigue.

One factor that remains underexplored, is the influence of strength and muscle mass on CLL
patients. Several studies show a preference for low-moderate intensities or endurance effort on
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resistance training (65-70% of 1-RM), but as the literature suggests, exercise-induced myokines
production may have a critical role in increasing cytotoxicity and the infiltration of immune cells into
the tumor [49]. When comparing aerobic-only, Strength and Combined Guidelines in the Hazard
Ratio for All-Cause Mortality, strength training was considered better than Aerobic in the case of
cardiovascular disease mortality and in cancer mortality, where isolated strength training was shown
to be the better option compared to other modes of training [50]. The presence of low muscle mass
when compared to healthy adults [51] is similar between our study and other interventions with
exercise training in CLL patients; however, there are still few studies addressing the use of strength
training on CLL patients. In our data, correlation analysis suggests that greater muscle mass is
strongly associated with higher strength levels in patients with CLL, similar to what is observed in
the general population. Given that one of the major symptoms of the disease is the loss of weight,
this underscores the potential importance of incorporating strength training into the management of
CLL to keep muscle mass and physical function. Given that training intensity can influence long-term
adherence, strength training —using weights at approximately 75-85% of one-repetition maximum —
may be better tolerated than continuous aerobic endurance training. This is particularly relevant as
fatigue and dyspnea during routine physical activity are among the most prominent symptoms of
disease progression. The structure of strength training, which typically involves short sets with
extended rest intervals (60-90 seconds), may facilitate greater respiratory comfort and improve
exercise adherence.

One of the factors that may influence the auto-conscience for this problem is that when analyzing
the quality-of-life questionnaires, the individuals do not report significant symptoms impairing their
daily life quality. However, their perception of high physical functioning does not align with their
fitness levels. Several longitudinal studies show that a higher perception of physical functioning by
the CLL patient is very close to healthy control values [52,53]. When crossing this data with
interventions with exercise with CLL patients, we can confirm this tendency. In a study from Artese
et al. [54] data show that CLL patients with 31% of body fat, VO2 of 26.7 ml/kg/min., considered their
Physical Well-Being and Functional Well-Being with a value of 27 and 25.7 (in a scale from 0-28),
respectively; in another study from Furzer et al. [15], patients with 34.6% body fat and16.10 in 75%
VO2/kg reported a FACT-G score of 82 (in a scale from 0-108); another study with a wider sample of
patients, but that also included CLL patients, Courneya et al. [14] found a value in FACT-An of 147.1
(in a scale from 0-188) in a group with 32.6% body fat and a VO2 of 25.4 ml/kg/min.

One piece of evidence that arises from our data is that MVPA is not significant with any
parameter besides lymphocyte percentage. Even after exploring data with median and tertile
ranking, MVPA appears to have no impact on disease parameters. Nevertheless, in our sample, the
hours of peak MVPA and light PA lays between 7:00 and 18:00, in line with the latest studies, that
speculate a lower risk of incidence of cardiovascular diseases and cancer risk for those who are active
between this timeline [55,56]. The protective effect of chronoactivity may be one variable, but we
cannot disregard that, besides the low number of patients in our sample, the lack of minutes in MVPA
recommended from major organizations [48,57], defining at least 150min of moderate to vigorous
activity per week, is critically low in our study barely reaching 19.61 minutes per day in this intensity,
not according to available literature that explores the association of CLL and physical activity patterns
[17,58] who got higher values of objectively measured daily physical activity.

Regarding immunologic parameters, when comparing our sample values with normative values
for Portugal healthy population [59], our CLL sample only presents above normal in Lymphocytes
and Neutrophils percentage, with patients showing percentages of Lymphocytes high and above
normal values (expected in CLL disease), and Neutrophils appearing particularly low revealing
increased risk for infections. Literature concerning immunologic parameters of CLL patients in
exercise interventions are scarce. As far as our knowledge, when comparing with the two available
studies that implement immunologic analysis from Crane et al. [18] and Macdonald et al. [17], our
sample present similar values for main serologic data, differing only with lower white blood cells
counts, lower lymphocytes and monocytes percentages, higher neutrophils percentages, lower B2-
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microglobulin, lower LDH and Albumin. This may impact in future study analysis, because our
sample of patients reveal a more favorable diagnostic of disease.

We recognize that limitations arising from ongoing recruitment may impact the generalizability
of findings and the statistical power of the analysis. However, data presented in present study
establishes a baseline analysis for CLL treatment naive patients.

4. Materials and Methods

Study Design

The rAndomiseD contRollEd cliNical triAL of exerclse as Intervention in chroNic lymphocytic
leukEmia (ADRENALINE), is a single-blind randomized controlled trial (RCT) study. The present
manuscript reports baseline data from the undergoing research project, before randomization.

Patients with confirmed CLL, with stringent inclusion and exclusion criteria, were consecutively
recruited at the Hematology Department in the participating Hospital (Sao Joao University Hospital
Center), which represents the largest hospital in the Porto region (Portugal). The data on the present
study, regarding initial evaluations (T0) of the ADRENALINE study and data collection, refers from
September 2023 until August 2024. At this moment (TO evaluation), no exposure to the
ADRENALINE concept was done, neither follow-up.

The study protocol has been approved by the Ethics Committees of Sao Joao University Hospital
Center and the Faculty of Sport from the University of Porto. All patients provided written informed
consent upon recruitment to participate in the study. The ADRENALINE trial is registered at
ClinicalTrials.gov.

Participants

All patients received a screening assessment including medical history, blood chemistry and
hemogram, and physical examination (for skin pallor, palpable cervical lymph nodes, and
hepatomegaly) during Hematology routine workup, before the assessment of health-related quality
of life using questionnaires and fitness assessments. Objectively assessed levels of daily physical
activity were acquired after baseline assessments using accelerometry technology to collect data on
the Physical Activity (PA) patterns of participants over a period of seven consecutive days, with a
minimum of 10 hours of daily assessment.

Inclusion criteria comprise a confirmed CLL diagnostic as per the International Workshop on
CLL Guidelines [30], age between 45-80 years old, no history of previous treatment of CLL, ability to
walk on a treadmill or cycle on an ergometer, ability to carry weights or use weight machines, that
have passed initial evaluations (Cardiopulmonary Exercise Test + Electrocardiogram (CPET+ECG)
for cardiac health and dynamometer for muscular health), and with a signed informed consent.
Exclusion criteria included previous immunochemotherapy CLL treatments, ongoing engagement in
a regular exercise program, an indication of disease progression or for starting treatment within 6
months (according to recommendations of the International Workshop on CLL Guidelines), other
primary tumors, inability to perform exercise (heart, advanced stage respiratory, renal, hepatic,
neurological or osteoarticular disease), and unable to travel to facilities or to comply with other study
requirements. Figure 1 demonstrates the patient recruitment and data collection of the present study
within the development of the ADRENALINE study.

Primary and Secondary Outcomes

Primary outcomes encompass the characterization of objective levels of physical activity, using
accelerometry and quality of life and well-being, using questionnaires, body composition measures,
anthropometric, strength evaluation, cardiac and respiratory capacity.

Secondary outcomes includes medical assessments performed by clinicians during the routine
Hematology consultation before the baseline evaluations, including disease-related
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symptoms/complications, physical exam (for skin pallor, palpable cervical lymph nodes, and
hepatomegaly) and clinical exams.

Evaluation

Exercise testing

At baseline, patients were evaluated on: i) anthropometric, body composition measures and
bone mineral density; ii) strength; iii) cardiac and respiratory CPET on a cycle ergometer with a stress
electrocardiogram with spirometry.

The CPET performed to assess cardiorespiratory fitness and potential cardiovascular and
cardiorespiratory limitations followed international guidelines concerning standardization and
interpretation strategies [31]. The CPET was performed on a cycle ergometer Lode Corival CPET
(Lode, The Netherlands) under the supervision of a sports physician. Throughout the test, the
Electrocardiogram (ECG) and blood pressure were monitored, and heart rate (HR) and gas exchange
variables were recorded continuously, averaged at 30-second intervals (COSMED Quark CPET,
Rome, Italy). The protocol comprehends 2 minutes rest without movement, for respiratory
adaptation, followed by a 3-minute warmup unloaded phase at 60 revolutions per minute (RPM) and
zero watts. After warmup, the incremental exercise phase is initiated, with each step incrementing 15
watts per minute until 85% heart rate is achieved or other standardized criteria for stopping occurs
[31]. After the incremental phase, the recovery phase took place with 2 minutes of active cool down
with unloaded pedaling followed by 3 minutes of passive cool down without movement [32]. The
highest recorded oxygen uptake (VO2peak) was used as an indicator of cardiorespiratory fitness.
VO2peak represents the highest oxygen consumption achieved during the test rather than a true
maximal effort. This approach is commonly used when maximal exertion is not feasible, particularly
in clinical populations.

Upper extremity muscle strength was assessed using a handgrip dynamometer JAMAR PLUS
(Sammons Preston, Chicago IL), calibrated according to standard protocols, and using 3 trials for
each hand, with a contraction of 2-4 seconds, and with 30 seconds interval between attempts [33,34].
For lower muscle strength it was used an Isokinetic Dynamometer BIODEX 850-000 System 4 Pro
(Biodex Medical Systems, USA) following the standard procedures recommended by standard
protocols, measuring Extension/Flexion of the dominant knee, and using the protocol
Concentric/Concentric with 60 deg/s speed to evaluate strength, with 5 repetitions warmup and 3
repetitions for maximal effort after 1-2 min rest between warmup and maximal effort [35].

Data collection of height and body mass were determined by standard anthropometric methods
(SECA 217 stadiometer and SECA 899 digital floor scale). Body mass index was calculated from the
ratio weight/height2 (kg/m2). Body composition and bone mineral density were collected using dual-
energy X-ray absorptiometry [DEXA scans (Horizon Wi, Hologic)], to quantify percent body fat, fat
mass, trunk fat mass, fat-free mass and bone mineral density (from whole body test) and hip bone
mineral density (from non-dominant hip side).

Objectively assessed levels of physical activity (PA) were acquired using the GT9XLink
accelerometer (Actigraph, USA) to collect data on the PA patterns of participants over a period of
seven consecutive days, with a minimum 4 weekdays and 1 weekend day and of 10 hours of daily
assessment [36]. Accelerometers were worn on the dominant side over the hip and aligned with the
kneecap, and patients were instructed to use them all day long except during baths, water sports,
potential hazard activities, or during sleep. A report sheet for the description of daily accelerometer
usage was also provided.

All the referred tests were conducted at lab facilities, with medical surveillance during physical
fitness protocols.
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Clinical, Immunologic and Inflammatory testing

Clinicians performed clinical assessments during routine hematology consultations comprising
standardized clinical assessments, including exercise- and disease-related symptoms/complications,
hemogram and blood chemistry (hepatic, renal, mineral and metabolic markers), and physical exams
(for skin pallor, palpable cervical lymph nodes, and hepatomegaly). Pre-intervention disease markers
for characterization of CLL were also available (LDH, beta2-microglobulin, immunoglobulins,
immunophenotyping and B cells characterization measurements). The CLL staging index (RAI and
BINET) [37,38], and the Eastern Cooperative Oncology Group Performance Scale (ECOG) [39] were
used due to typical clinical practice of participating hospital. The genetic characterization of the
disease (needed for the CLL International Prognostic Index (CLL-IPI)) is not available since genetic
markers are only asked when the disease criteria evolve to treatment phase.

Quality of Life

At baseline, two self-reported questionnaires were used to assess clinical status, well-being and
quality of life: the Functional Assessment of Chronic Illness Therapy-Fatigue (FACIT-F) [40] to
evaluate Well-Being, and where the maximum score is 160, with higher scores indicating greater
Well-Being for all domains; and the European Organization for Research and Treatment of Cancer
Quality of Life Questionnaires Core 30 (EORTC QLQ-C30) [41] with the Chronic Lymphocytic
Leukemia Module (EORTC QLQ-CLL17) evaluating Health-Related Quality of Life (QoL) and where
high score for a functional scale represents a high/healthy level of functioning, a high score for the
global health status / QoL represents a high QoL, but a high score for a symptom scale/item represents
a high level of symptomatology/problems.

BIAS

Risk of BIAS was assessed with the JBI Critical Appraisal Checklist for Cross-Sectional Studies
[42], part of the Joanna Briggs Institute’s critical appraisal tools. This checklist is specifically designed
for cross-sectional studies, such as the present research, which assesses baseline differences between
male and female participants. It evaluates potential biases in sample selection, measurement
reliability, and statistical analysis. Additionally, it helps ensure the comparability of groups and the
validity of data collection methods, thereby strengthening the study’s methodological rigor.

Statistical Methods

Sample size calculation for the major ADRENALIN study (GPower software) was based on the
means and standard deviations of prior studies [43]. An initial estimation indicated that a minimum
of 16 subjects was required to detect differences with a power of 95% and a significance level of 5%
(two-tailed). However, due to external constraints beyond our control —such as the distance between
participants’ residences and training facilities, as well as the challenge of recruiting treatment-naive
patients without pharmacological intervention —only 11 participants were included in the study. A
post-hoc power analysis revealed a statistical power of 66.7% for detecting an effect size of 0.8. While
this is below the conventional threshold of 80%, the significance of observed effects remains valid, as
meaningful differences were detected despite the reduced sample size.

Descriptive statistics are presented as means and standard deviations (SD), or median and inter-
quartile range. Normality analysis was conducted using the Shapiro-Wilk test. T-Test was employed
to analyze differences between genders. To analyze the relationship between variables, Pearson
correlation coefficients were calculated, and all assumptions for Pearson correlation were checked
and met. To evaluate the influence of Moderate-to-Vigorous Physical Activity (MVPA), the
participants were divided into tertiles based on their MVPA levels, creating three groups to compare
the most active and the least active individuals. Parametric (ANOVA) and non-Parametric (Kruskal-
Wallis) tests were deployed to verify differences across these groups for continuous variables and
goodness-of-fit chi-square for categorical. Effect size was assessed using Hedges’ g scores (due to
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tendency of hyper estimation with Cohen’s d effect size on small samples), where values of 0.2, 0.5
and 0.8 were considered small, medium, and large effects, respectively [44]. Significance was
maintained at p <0.05.

For the questionnaire subdomains and composite scores, we followed recommendations from
the authors (EORTC [41] and FACIT [40]) and similar exercise studies in cancer [45—47]. Therefore, in
line with recommendations and the independence of each subdomain, no adjustments for multiple
comparisons between subdomains were performed.

Accelerometry analysis was conducted using the algorithm Troiano (2007) defining non-wear
period with minimum length of 60 minutes, with spike level to stop at 100 counts per minutes, over
seven consecutive days, with a minimum four weekdays and one weekend day and of 10 hours of
daily assessment [36]. For scoring algorithms, it was used Freedson VM3 2011 for energy expenditure,
Freedson Adult 1998 for METs, and Troiano Adult 2008 for Cut Points and MVPA.

Statistical analyses were conducted using IBM SPSS mac version 29 (Armonk, NY, United
States), and accelerometry analysis were conducted using Actigraph Actilife version 6.13.6
(Pensacola, FL, United States).

5. Conclusions

In conclusion, we demonstrate that our sample of patients with CLL in treatment naive phase
present values above baseline normative data for healthy populations in the body composition
parameter, fact that may be explained by the Physical Condition parameter, where this group of
patients revealed a low cardiovascular fitness. We also show that, for this sample of patients, they do
not report significant symptoms impairing their daily life quality due to their perception of high
physical functioning unaligned with their fitness levels. Our data, reflects that greater muscle mass
appears to be strongly associated with higher strength levels in patients with CLL, similar to what is
observed in the general population. Although there is an increasing body of literature that links
exercise training, muscle function and immune functions in older adults, the effects of strength
training on CLL patients remains underexplored. Given that one of the major symptoms of the
disease is the loss of weight, this underscores the potential importance of incorporating strength
training into the management of CLL to keep muscle mass and physical function, and further studies
who can measure the outcomes in physical fitness, quality of life and well-being.
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