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Individualized home training in
head and neck cancer patients is
safe and has positive short- and
medium-term effects –results of
a multicenter, single-arm
intervention trial (OSHO #94)
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Koerner”, Rostock University Medical Center, Rostock, Germany, 4Krukenberg Cancer Center Halle,
University Hospital Halle, Halle (Saale), Germany, 5Department of Internal Medicine, Medical Clinic II, Carl-
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Greifswald, Germany, 8Hematology and Oncology Practice, Rostock, Germany
Introduction: Despite targeted exercise interventions alleviating functional deficits in

head andneck cancer (HNC) patients,many patients are insufficiently physically active.

A promising approach to reducing barriers could be individually adaptable home

training. The “OSHO#94” study examined the short-term effectiveness, themedium-

term sustainability, and the safety of an individualized home exercise program

Methods: This multicenter, single-arm, interventional study included patients in

aftercare or in stable remission. Participants were advised to perform an

individualized home exercise program (mobilization, coordination,

strengthening, and stretching) at least three times a week and moderate-

intensity endurance training two to three times a week. During the 12-week

intervention, they kept a training diary and received weekly physiotherapist calls.

In the subsequent 12-week follow-up (FU), participants were asked to continue

training. The evaluation of short-term effects (between pre- and post-

intervention) and medium-term effects (incl. FU), included the assessment of

quality of life (QoL), physical activity level (Leisure Score Index (LSI); weekly

amount), body composition, shoulder/cervical spine range of motion, fall risk,

and aerobic performance. Adverse events were recorded.

Results: Fifty-three patients (57% male) were enrolled, 83% completed the post

assessment, and 72% completed FU. During the intervention, participants

exercised for 257 min/week (with 95 minutes individual and 162 minutes

endurance). The pre-post intervention effect on the global QoL was small

(rw=0.20, p=0.186). Moderate effects were found in emotional (rw=0.38,

p=0.011) and social functioning (rw=0.46, p=0.002), fatigue (rw=0.37, p=0.013),
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and dyspnea (rw=0.32, p=0.035). LSI increased significantly (25 vs. 39, p=0.003),

whereas total physical activity duration remained unchanged (280 vs. 290 min/

week, p=0.160). Small effects were observed on body composition. The largest

effects were seen in physical functioning, particularly aerobic performance

(rw=0.67, p<0.001). Nine participants (17%) reported training-related adverse

events, primarily pain. Half of participants (48%) continued with individual

training during FU. Some short-term effects could be detected medium-term.

Discussion: Physical activity level improved despite an unchanged activity

duration suggesting an increased training intensity. With individualized home

exercises and remote support, home training was effective and safe. After

support ended, patients maintained their activity level and the effects were

sustained, suggesting suitability for routine care.
KEYWORDS

EORTC QLQ-C30 (version 3), EORTC QLQ-HN35, head and neck cancer, Health-related
quality of life (QOL), home-based exercise, physical functionality, physical
activity (exercise)
1 Introduction

Head and neck cancer (HNC) frequently lead to functional deficits,

particularly in eating, breathing, speech, pain, mood, and neck and

shoulder mobility (1–4). These deficits, along with visible

disfigurements, weight loss, and sarcopenia (5), as well as body

image disturbances (6), impacts health-related quality of life (QoL)

(6–8). Advances in diagnosis and treatment have increased the survival

rate of HNC patients (9–11), shifting the focus beyond life expectancy

to functional abilities and QoL (12). Rehabilitative measures primarily

address physical impairments (13), with physical activity emerging as a

promising intervention to enhance QoL. Specifically, strength and

endurance training programs have shown positive effects on muscle

strength, cardiorespiratory fitness, and pain reduction (14–18). The

American Head and Neck Society therefore recommends early

rehabilitation screening, objective assessments, targeted referrals, and

the promotion of regular exercise (19).

Despite existing knowledge and exercise recommendations,

many HNC patients remain insufficiently physically active (20–

22). Barriers to structured physical activity include physical

complaints, time constraints, lack of motivation, and insufficient

knowledge (23, 24). Moreover, individual preferences regarding the

type, location, intensity, and supervision of exercise programs vary,

as do limitations and needs. Surveys have shown that HNC patients

prefer unsupervised and supervised training programs—performed

either alone or with family members, at moderate intensity, at home

or outdoors, and at flexible times (25–27). Individually adaptable

home- and outdoor-based training programs are therefore

considered a promising approach to promoting physical activity,

yet they remain insufficiently studied. Additionally, there is limited

knowledge regarding the sustainability of such (home-based)
02
exercise interventions. Our goal was to develop a low- to

moderate-intensity exercise program that HNC patients can

perform independently and flexibly at home or outdoors. In the

first study, suitable exercises were compiled and evaluated for their

effectiveness in a group-based training setting (28). After combining

suitable exercises into an exercise manual (29), the final step was to

evaluate the effectiveness and safety of home-based training (30).

The primary outcome of this study was the comparison of the

global QoL score after a 12-week home exercise intervention with the

value measured before the intervention. The study specifically

examined the suitability of the chosen approach, including its

integration into routine care. To this end, (i) patients’ compliance

with the training recommendations, and (ii) the perceived usefulness

and actual utilization of the provided training materials and

information were evaluated. Furthermore, the effectiveness of the

intervention was assessed by examining (iii) the short-term effects of

the home exercise program on QoL, physical activity level, body

composition and physical functioning, as well as (iv) the medium-

term effects beyond the intervention period. Finally, (v) the safety of the

training program was assessed based on reported adverse events.
2 Materials and methods

2.1 Study design, participants, and eligibility
criteria

A prospective, multicenter, single-arm, intervention trial was

designed and registered (German Registry of Clinical Trials No.

DRKS00023883). The Department of Hematology, Oncology, and

Palliative Medicine at the University Hospital Rostock (UMR)
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conducted the study. Further recruiting hospitals were the

Krukenberg Cancer Center Halle (UKH), and the Department of

Otorhinolaryngology, Head and Neck Surgery at the University

Medicine Greifswald. The study design and the number of enrolled

required patients (N=53) were based on the established criteria in

Felser et al. (30). Patients eligibility criteria were: ≥18 years old with

a diagnosis according to ICD: C00–C14, C30–C32 (HNC) in

aftercare or with stable remission under immunotherapy, who

had medical clearance from their treating physician, were able to

walk independently, and provided informed consent for

participation. The exclusion criteria are inadequate knowledge of

the German language, consent not given, clinically relevant heart

failure (NYHA III and IV), myocardial infarction within the last 4

weeks, unstable angina pectoris, higher-grade valvular vitia,

uncontrolled cardiac arrhythmias, chronic obstructive pulmonary

disease (GOLD III and IV), peripheral arterial occlusive disease

(≥Stage III according to Fontaine), diseases that could seriously

impair cognitive performance (e.g. dementia, stroke, Wernicke-

Korsakoff syndrome), known alcohol dependency and score <24

points on the Mini-Mental State Examination.

Elimination criteria after inclusion were diagnosis of a relapse

or new tumor disease, prolonged hospital stays due to other

illnesses/surgeries (e.g., heart attack, hip or knee surgery, death

(=health reasons), admission to inpatient rehabilitation, and

discontinuation at the patient’s request.
2.2 Study procedure, intervention and
measurement points

Included patients underwent a comprehensive preliminary

examination. Based on its results and individual goals, therapists

create a personalized training plan. All patients were instructed in

the training program, which included mobilization, coordination,

strengthening, and stretching exercises. They received the “Exercise

manual for patients with mouth, jaw, face and throat tumors’” (29)

with the recommended exercises marked in it. Additionally, all

recommended exercises and four comprehensive training programs

were supplied as video files on a USB stick, along with an elastic

resistance band and an inflatable exercise ball (Ø 22 cm) for use at

home. Participants were instructed to complete either their

individualized program or one of the video sessions at least three

times per week for 15–30 minutes. Endurance activities (e.g.,

walking, cycling, swimming, dancing) were recommended 2–3

times per week for 30 minutes. Training intensity was self-

monitored using the BORG rating of perceived exertion (RPE)

scale (31), and the recommended range was between 11 (fairly easy)

and 15 (hard). During the 12-week intervention, therapists

conducted weekly telephone calls and documented the

conversations. Patients were also asked to maintain a training

diary. A post-examination followed after 12-week to evaluate the

short-term effects (pre-post comparison).

Afterward, patients entered a 12-week follow-up (FU) period

without structured support. The final FU examination was used to
Frontiers in Oncology 03
evaluate medium-term effects (pre-FU, post-FU) and assess whether

participants maintained or enhanced outcomes independently.
2.3 Outcome measures

The season was determined based on the date of study enrollment.

Disease-specific data on the participants were recorded once by

the treating/including physicians at the time of study inclusion.

At the three measurement points–pre, post and FU–patient-

reported outcomes (PROs) were recorded, and a physical function

diagnostic was carried out. The assessment consists of the

following measures:

Patient-reported:
− Sociodemographic data and lifestyle factors were recorded

using an initial questionnaire.

− QoL was measured using two established questionnaires: the

EORTC QLQ-C30 version 3.0 questionnaire (32, 33) and

the QLQ-HN35 head and neck–specific questionnaire (33).

No threshold values were set in advance to identify

clinically important differences. The primary outcome

was determined by comparing the global QoL score post-

vs. pre-intervention.

− Physical activity level were assessed using a modified version

of the Godin-Shephard Leisure-Time Physical Activity

Questionnaire (GSLTPAQ) (34, 35). Two parameters, the

Leisure Score Index (LSI) and the weekly duration of

physical activity [min], were recorded.

−Assessment of the intervention and supportwas conducted with

an exit questionnaire. Participants rated the perceived effects

of the intervention on ten domains (body awareness,

coordination, endurance, general mood, general

performance, mobility, physical well-being, self-esteem,

strength, and stress reduction) using a 4-point Likert scale.

They also evaluated the difficulty of self-motivation and the

motivational impact of the weekly physiotherapy calls using

the same scale. Patients indicated whether they exercised

alone or with others, whether they intended to continue

training, and whether the provided information was helpful.

Finally, they were asked to which material they had used

(exercise manual, videos, and training equipment).

− During the FU examination, patients were asked about the

continuation of the individual exercise program even after

the end of the intervention.
Physical function diagnostic:
− Body composition, including body fat percentage [%], and

skeletal muscle mass [kg] was assessed using a

bioimpedance analyzer (BIA). These measures were

optional, as not all recruiting clinics had access to a BIA.

UMR and UKH used the same device, the ‘seca mBCA 525’
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(seca GmbH, Hamburg, Germany). Measurements were

conducted according to the manufacturer’s instructions. The

body mass index [kg/m²] was calculated based on height

and weight.

− Themobility of the temporomandibular joints was measured using

the distance between the incisors [cm] determined with a ruler

at maximum mouth opening.

− Shoulder joint mobility was measured as the active range of

motion (ROM) in the sagittal, frontal, and transversal planes

using a manual goniometer [°]. Patients and therapists indicated

separately for each shoulder joint whether there were

restrictions in at least one axis of motion.

− Cervical spine mobility was measured as the active ROM in

rotation and lateral flexion using a manual goniometer [°] and as

inclination/reclination using a ruler [cm].

− Themobility of the lower back and hamstring muscles was assessed

with the stand and reach test [cm] (36).

− Fall risk was evaluated by using the short physical performance

battery (SPPB) (37). The scores range from 0 (worst

performance) to 12 (best performance).

− Aerobic performance was assessed using the 6-minute walk test

(6MWT) (38). The primary measure was the walking distance

[m]. After the 6MWT, participants rated their RPE using the

Borg scale (6 = really, really easy, 20 = maximum effort) (31) and

their exercise-induced pain in the leg muscles using a Category-

Ratio (CR)-10 scale (0 = no pain at all, 10 = extremely intense

pain) (39).

Following completion of the intervention, the telephone

protocols and training diaries were evaluated regarding the

following parameters:
Fron
− Compliance regarding training recommendations: training

diary were analyzed for average weekly training frequency

and duration, separately for individualized and endurance

training. Additional, non- recommendation activities (e.g.,

yoga) were recorded separately.

− Adverse events in connection with the training were recorded.

− The reason for dropping out was asked in the event of early

termination of the study, if possible.
2.4 Statistical analysis

Quantitative variables are presented as mean ± standard

deviation (SD) or in case of non-normality, as median (Q1, Q3),

ranging from minimum to maximum (min to max). Qualitative

variables are reported as relative frequency % and absolute (n).

Missing data are indicated but excluded from percentage

calculations. The normality of the data was assessed using the

Shapiro-Wilk test.

Spearman’s rank correlation was performed to determine

whether there is a correlation between intrinsic and extrinsic

motivation (weekly phone calls).
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Pre-post analyses were conducted using the paired t-test for

normally distributed data with Cohen’s d for dependent samples to

estimate short-term effects of intervention (0.20 to <0.5 = small, 0.5

to <0.8 = moderate, ≥0.80 = large) (40). Otherwise, the Wilcoxon

signed-rank test with rw estimating the effect was used. Effect sizes

rw were assessed on the basis of Cohen’s thresholds (0.10 to <0.3 =

small, 0.3 to 0.5 = moderate, ≥0.5 = large) (41).

Medium-term effects of intervention were examined as changes

between pre- and FUmeasurement, as well as between post- and FU

measurement. To avoid attrition bias, only participants who

completed the whole study (all three measurement points) were

included into the analysis of medium-term effects. Thus, the two

different samples analyzed pre-post (n=44) and pre-(post)-FU

(remained n=38) could cause differing pre-post results. For

normally distributed quantitative data, a one-way repeated-

measures ANOVA with Bonferroni correction was conducted.

The assumption of normality of the difference scores was assessed

using the Shapiro-Wilk test. No outliers were detected in the data.

Cohen’s d is given to quantify effects. For non-normally distributed

data, a Friedman test was conducted, followed byWilcoxon post hoc

tests with a Bonferroni correction. Box plots were used to

graphically represent changes over time (Supplementary Figures

S3, S4). A p-value <0.05 was considered statistically significant. All

data were analyzed using IBM® SPSS® Statistics.
3 Results

Fifty-three patients were enrolled in the study between January

2021 and May 2024. The 12-week home exercise program and post-

examination were completed by 83% (n=44). The final FU

examination could be carried out on 72% (n=38) of the

participants. A total of 28% (n=15) of participants discontinued

the study prematurely. Of these, eight withdrew for health reasons,

one due to inpatient rehabilitation, and three for personal reasons.

Three patients could not be reached by phone, leaving the reasons

for their discontinuation unclear (Figure 1).

Most participants were enrolled in the study during spring

(40%, n=21) and fall (30%, n=16). In winter, 24% (n=13) were

included, while 6% (n=3) were enrolled in summer.
3.1 Participants’ sociodemographic,
lifestyle and clinical data

The participants’ sociodemographic, lifestyle, and clinical data

are summarized in Table 1. Of the 53 participants included, 57%

(n=30) were male. The median age was 63 (58, 70), ranging from 20

to 85 years. An upper secondary education had been attained by

38% (n=20) of the participants, 58% (n=30) were non-smokers, 35%

(n=18) answered that they currently do not drink any alcohol at all,

and 60% (n=31) stated that they had been active in sports before the

disease. The most common tumor location was the oropharynx

(36%, n=19), followed by the oral cavity (26%, n=14). The median

time after the (last) diagnosis was 28 (12, 51) months (3 to 199). At
frontiersin.org
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the time of study enrollment, 91% (n=48) were in complete

remission. A feeding tube was present in 13% (n=7) of the

participants and 38% (n=20) were taking pain medication.
3.2 Compliance regarding training
recommendations

The training diaries of n=41 participants were available with

one of them only partially analyzable, finally resulting in n=40 valid

training records. Individual exercises were completed 3.3 (2.2, 4.3)

times per week, ranging from 0.0 to 6.8, with a training time of 95

(56, 127) min (0 to 256). Endurance training, often in the form of

walking, was completed 2.7 (1.6, 5.5) times per week (0 to 13.8),

with 162 (86, 304) min (0 to 531 min). Additional, non-

recommendation activities was only completed to a limited

extent. The weekly training overall was completed 6.4 (4.9, 9.2)

times, with a median training time of 257 (162, 417) min, ranging

from 39 to 753 min.

Overall, 85% (35/41) of the participants followed the

recommendations regarding their individual exercise program

with a given number of sessions to practice, and a little less, 78%

(31/40) regarding their endurance training. The proportion of

patients who met the training recommendations per the protocol

in both areas was 68% (28/40). A comparison of training

recommendations and realizations by the participants is shown in

Supplementary Figure S1.

According to training diaries and telephone protocols, 58% (25/

43) of participants experienced training interruptions. The longest
Frontiers in Oncology 05
(4 weeks) followed a feeding tube placement. COVID-19 and colds

led to 4–14-day interruptions in five cases, while pneumonia (n=1)

and urinary tract infections (n=2) caused 1–2-week breaks. Five

participants paused their training during the end-of-year

celebrations. Shorter interruptions (1–4 days) were due to pain

(migraine/headache, back pain, abdominal pain, menstrual pain),

dizziness, nausea, medical appointments, vaccinations, personal

stress, childcare, travel, or weather conditions. Depression and

lack of motivation led to up to 14-day breaks in three cases.

During the post-examination, 67% (n=28) said “yes” to the

question of whether they would continue training, while 33%

(n=14) “I don ’ t know.” At FU, 48% had maintained

individual training.
3.3 Information, use of the exercise
materials, weekly calls, and training with
others

All patients (100%) stated that the information they received

about the training was sufficient. The exercise manual was used by

81% (n=34) of the participants and the USB stick with the training

videos by 41% (n=17), with 21% (n=9) stating that they used both.

Small equipment (elastic band/ball) was used by 83% (n=35) of the

participants. During the post-examination, 23% (n=10) found self-

motivation for training not difficult, 40% (n=17) somewhat difficult,

30% (n=13) moderately difficult, and 16% (n=7) very difficult.

Overall, 93% (n=40) felt that the therapists’ weekly calls positively

influenced their motivation (26% very, 37% quite, 26% somewhat).
FIGURE 1

Flow chart of the OSHO #94 study.
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No correlation was found between intrinsic and extrinsic

motivation. Most participants (75%, n=32) trained alone, 9%

(n=4) with others, and 16% (n=7) both alone and with others.
3.4 Moderate short-term effects on QoL

The short-term intervention effects on QoL, measured pre-post,

are reported in Table 2.

EORTC QLQ-C30: The intervention effect on the global QoL

was small (rw=0.20, p=0.186). The score improved from 63 (pre

intervention) to 67 (post intervention) by 4 points. Moderate effects
Frontiers in Oncology 06
were observed in 2 of the 5 functional scales: emotional functioning

(rw=0.38, p=0.011, +12 points) and social functioning (rw=0.46,

p=0.002, +16 points); the 3 remaining effects were detected as small

with rw<0.3. Among the 3 symptom scales and 6 single items,

moderate positive effects were observed for fatigue (rw=0.37,

p=0.013) and dyspnea (rw=0.32, p=0.035).

EORTC QLQ-HN35: Positive changes were observed in all 7

symptom scales, with significant effects for taste/smell (rw=0.34,

p=0.023), speech (rw=0.36, p=0.016), social eating (rw=0.30,

p=0.045), and sexuality (rw=0.49, p=0.001). A significant and

moderate effect was observed for dry mouth (rw=0.47, p=0.002),

while the effects for the other 5 symptom items were small.
TABLE 1 Sociodemographic, lifestyle and clinical data (n=53).

Patients characteristics Category Values n (%) or median (Q1, Q3)

Gender Women
Men

23 (43)
30 (57)

Age [years] 63 (58, 70)

School education [years] Lower secondary education
Upper secondary education

33 (62)
20 (38)

Family status Living alone
Married/living with a partner

18 (34)
35 (66)

Professional status Working
Retired
Other

14 (26)
35 (66)
4 (8)

Tobacco consumption Smoker
Ex-Smoker
Non-Smoker

6 (11)
16 (31)
30 (58)

Current alcohol consumption Yes
No

34 (65)
18 (35)

Active in sports before cancer diagnosis Yes
No

31 (60)
21 (40)

Tumor location Oropharynx
Oral cavity
Others

19 (36)
14 (26)
20 (38)

UICC-cancer stage I
II
III
IV

16 (31)
7 (13)
11 (21)
18 (35)

Time after initial diagnosis [months] 28 (12, 51)

Current therapy situation Complete remission
Under immunotherapy
Others

48 (91)
1 (2)
4 (7)

Treatment Surgery only
RT or RCT only
Surgery and RT/RCT

8 (15)
10 (19)
35 (66)

Feeding tube present at baseline Yes
No

7 (13)
46 (87)

Taking nutritional supplements at baseline Yes
No

19 (36)
34 (64)

Taking painkillers at baseline Yes
No

20 (38)
33 (62)
Data are presented as the number of participants (%) for categorical variables and as median (Q1, Q3) for continuous variables.
RT, radiotherapy; RCT, combined radio-chemotherapy; UICC, Union for International Cancer Control.
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TABLE 2 Moderate pre-post-intervention effects on quality of life and physical activity level (n=44).

Parameter Pre Median (Q1, Q3) Post Median (Q1, Q3) Effect size rw p-value

QoL (EORTC QLQ-C30a)

Global QoL scale [0-100] 63 (50, 75) 67 (58, 75) 0.20 0.186

Functional scales [0-100]

physical
role
emotional
cognitive
social

83 (73, 92)
67 (50, 100)
63 (42, 83)
75 (50, 96)
67 (50, 83)

87 (73, 93)
67 (67, 100)
75 (58, 92)
75 (67, 100)
83 (54, 100)

0.23
0.12
0.38
0.28
0.46

0.123
0.437
0.011
0.059
0.002

Symptom scales [0-100]

fatigue
nausea/vomiting
pain

33 (22, 64)
0 (0, 0)
33 (0, 63)

33 (11, 56)
0 (0, 0)
25 (0, 63)

0.37
0.05
0.15

0.013
0.719
0.324

Single items [0-100]

dyspnea
insomnia
appetite loss
constipation
diarrhea
financial difficulties

33 (0, 33)
33 (0, 67)
17 (0, 33)
0 (0, 33)
0 (0, 0)
33 (0, 58)

0 (0, 33)
33 (0, 67)
0 (0, 58)
0 (0, 33)
0 (0, 0)
0 (0, 33)

0.32
0.08
0.10
0.21
0.19
0.21

0.035
0.618
0.517
0.162
0.198
0.066

QoL (EOTRC QLQ-HN35b)

Symptom scales [0-100]

pain
swallowing
taste/smell
speech
social eating
social contacts
sexuality

25 (10, 42)
17 (8, 46)
33 (0, 50)
22 (11, 44)
25 (8, 58)
13 (0, 33)
33 (0, 67)

17 (2, 42)
17 (8, 42)
17 (0, 33)
22 (0, 30)
17 (8, 50)
7 (0, 25)
17 (0, 33)

0.26
0.15
0.34
0.36
0.30
0.26
0.49

0.083
0.312
0.023
0.016
0.045
0.058
0.001

Symptom items [0-100]

teeth problems
trismus
dry mouth
sticky saliva
cough
feeling ill

33 (0, 67)
33 (0, 67)
67 (42, 100)
33 (33, 67)
33 (33, 67)
17 (0, 33)

0 (0, 33)
33 (0, 67)
67 (33, 100)
33 (0, 67)
33 (0, 33)
0 (0, 33)

0.28
0.16
0.47
0.22
0.20
0.23

0.065
0.292
0.002
0.133
0.179
0.134

Physical activity (GSLTPAQc)

Leisure Score Index [≥0]
duration [min per week]

25 (20, 49)
280 (170, 555)

39 (28, 64)
290 (195, 566)

0.46
0.22

0.003
0.160
F
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The Wilcoxon signed-rank test was used to compare pre and post scores.
Interpretation of effect size rw 0.1 to <0.3 = small, 0.3 to <0.5 = moderate, ≥0.5 large effect.
bold: moderate intervention effects of statistical significance.
QoL, Quality of Life.
aQuality of Life questionnaire of cancer patients of European Organization for Research and Treatment of Cancer.
bHead and neck–specific questionnaire of European Organization for Research and Treatment of Cancer.
A high value on the scale ‘global QoL’ and on the functional scales means a high degree of subjectively perceived health and a high assessment of the QoL or a high degree of performance and
function. A high value in the symptom scales correlates with a high degree of complaints.
cGSLTPAQ, Godin-Shepard Leisure-Time Physical Activity Questionnaire.
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3.5 Short-term effects on physical activity
level

The home training intervention had a moderate effect on the

physical activity level, with the LSI increasing from 25 to 39

(rw=0.46, p=0.003). By contrast, the effect on weekly physical

activity duration was not significant (rw=0.22, p=0.160, 280 vs.

290 minutes per week) (Table 2).
3.6 Short-term effects on body
composition

The intervention had small favorable effects on body

composition (Table 3). Between the pre- and post-intervention

measurements, body fat percentage decreased by 1.2%p (d=0.48,

p=0.009, n=33) and skeletal muscle mass increased by about 3%p

(d=0.45, p=0.014, n=33). No significant changes were observed in

body mass index (rw=0.03, p=0.848, n=39).
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3.7 Short-term effects on physical
functioning

Inter-incisor distance: Mouth opening increased by 3 mm post-

intervention (rw=0.61, p< 0.001, n=30), see Table 3.

ROM in the shoulder joints: In the ROM of the shoulder joints,

moderate to large effects were observed in patients with restricted

mobility. Thus, the ROM in the right shoulder joint improved in

ante-/retroversion by 12° (d=0.77, p=0.002, n=16), in abduction/

adduction by 7° (rw=0.69, p=0.004, n=17), and in internal/external

rotation by 13° (rw=0.47, p=0.047, n=18). On the left side, an

improvement of 10° (rw=0.62, p=0.017, n=16) was observed in

abduction/adduction. No statistically significant effects could be

detected in the ROM of the left shoulder joint for ante-/retroversion

and internal/external rotation, since the changes here were

rather small.

ROM in the cervical spine: The intervention had a moderate

effect on lateral flexion in patients with limited cervical spine

mobility: +14° (rw=0.44, p=0.012, n=32). The effects on rotation
TABLE 3 Moderate and large pre-post-intervention effects on body composition and physical functionality.

Parameter n Pre Post Effect size d Effect size rw p-value

Body composition

Body Mass Index [kg/m²]
Body fat [%]
Skeletal muscle mass [kg]

39
33
33

23.8 (20.8, 26.6)
27.8 ± 8.2
23.9 ± 7.4

23.7 (21.0, 26.6)
26.6 ± 8.2
24.6 ± 7.4

0.48
0.45

0.03 0.848
0.009
0.014

Physical functional status

Mobility

Inter-incisor distance [cm] 30 4.0 (3.4, 4.4) 4.3 (3.5, 4.6) 0.61 <0.001

ROM shoulder joint [°] - only patients with restricted mobility

ante-retro version right
ante-retro version left
abduction-adduction right
abduction-adduction left
internal-external rotation right
internal-external rotation left

16
16
17
15
18
14

177 ± 39
169 (160, 186)
123 (120, 130)

119 ± 19
116 (99, 130)
118 (97, 128)

189 ± 38
178 (162, 186)
130 (128, 137)

129 ± 8
129 (120, 132)
124 (108, 133)

0.77

0.62

0.37
0.69

0.47
0.32

0.002
0.139
0.004
0.017
0.047
0.235

ROM cervical spine – only patients with restricted mobility

Inclination-reclination [cm]
lateral flexion [°]
rotation [°]

34
32
34

13.7 ± 3.7
45 (35, 54)
96.4 ± 26.7

14.2 ± 3.6
59 (42, 69)
104.2 ± 25.4

0.21

0.32
0.44

0.238
0.012
0.069

Stand and reach test [cm] 42 -8.4 ± 12.0 -6.4 ± 11.0 0.32 0.046

Fall risk

SPPB [score 0 to 12] 42 11.5 (10.0, 12.0) 12.0 (11.0, 12.0) 0.35 0.023

Aerobic performance

6-min walk distance [m]
Rating of perceived exertion (Borg scale)
Exercise-induced leg pain (CR-10 scale)

38
38
38

551 (500, 589)
12.5 (11.0, 13.0)
0.5 (0.0, 2.0)

582 (531, 666)
12.5 (11.0, 14.0)
0.5 (0.0, 2.1)

0.67
0.10
0.04

<0.001
0.534
0.793
Variables are presented as mean ± standard deviation or, in case of non-normality, as median (Q1, Q3).
The paired t test or in case of non-normality, Wilcoxon test was used to compare pre and post scores.
Interpretation of effect size Cohen’s d for paired t test 0.20 to <0.5 = small, 0.5 to <0.8 = moderate, ≥0.80 = large effect.
Interpretation of effect size rw (Wilcoxon test) 0.1 to <0.3 = small, 0.3 to <0.5 = moderate, ≥0.5 large effect.
bold: significant moderate and large intervention effects.
ROM, range of motion; SPPB, short physical performance battery; CR, Category-Ratio.
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were small: +8° (d=0.32, p=0.069, n=34). No statistically significant

changes were observed in inclination/reclination.

Stand and reach test: The intervention effect on mobility of the

lower back and hamstring was small (d=0.32, p=0.046, n=42). The

distance to the ground decreased by 2.0 cm after the intervention.

SPPB: Before the intervention, 50% of participants achieved the

maximum score, increasing to 67% post-intervention. The

calculated effect was small (rw=0.35, p=0.023, n=42).

Aerobic performance (6MWT): A large intervention effect on

aerobic performance was observed (rw=0.67, p<0.01, n=38):

participants increased their walking distance by an average of 31

m (+5.6%) post-intervention. No statistically significant changes

were observed in RPE (BORG scale) or exercise-induced leg muscle

pain (CR-10 scale).

PROs: The subjective rating of the improvements by the

participants (none = 0 to very strong = 3) shows similar

distributions across all 10 domains surveyed. Mean values ranged

between 1.67±0.75 and 1.40±0.66 (slightly to fairly), with the highest

values given for mobility, body awareness and coordination, and the

lowest for endurance and strength (Supplementary Figure S2).
3.8 Small medium-term effects on QoL

Medium-term intervention effects on QoL, comparing both, pre-

FU and post-FU, are reported in Table 4, with additionally given the

pre-post results of n=38 permanent participants. All changes of scores

are shown graphically as box plots in Supplementary Figure S3.

EORTC QLQ-C30: No significant effect on global QoL was

observed between pre and FU examination (rw=0.07, p=0.175,

n=38), though the score itself changed by +8 points. But note,

this increase is only a descriptive information and reported not

before FU (i.e. not by intervention), namely from the post

intervention situation with a score of 67 to 75 FU. The resulting

effect on QoL (post-FU) is not significant (rw=0.03, p=1.000).

Similarly, no significant changes were observed post-FU in both,

the functional scales, symptom scales and single items.

EORTC QLQ-HN35: Positive changes with small effects between

pre and FU measurement were observed in 1 of the 7 symptom scales:

pain (rw=0.12, p=0.003), as well as in 2 of the 6 individual items:

trismus (rw=0.10, p=0.025), and dry mouth (rw=0.10, p=0.015).
3.9 Medium-term effects on physical
activity level

The LSI and the weekly training duration continue to increase,

but there are no significant effects (Table 4).
3.10 Medium-term effects on body
composition

The small positive effects on body composition seen in short-

term analysis are not detectable between post and FU. The score
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values are similar. Between pre intervention and FU, body fat

decreased by 1.1%p (d=0.43, p=0.086, n=29) and muscle mass

increased by about 3%p (d=0.36, p=0.189, n=29), which is

consistent with the short-term results (Table 5).
3.11 Medium-term effects on physical
functioning

The medium-term intervention effects on physical functioning

are reported in Table 5, and graphically as box plots in

Supplementary Figure S4.

The score values concerning FU vs. post intervention are

comparable. No significant effects were observed between post-

and FU examination. In contrast, the shown short-term increase of

+2 cm mobility in the stand and reach test increased further during

FU for two more cm, so that a moderate effect was observed pre-FU

(d=0.53, p=0.012, n=34). Small significant effects pre-FU are

observed in patients with restricted mobility in the shoulder joint

in the right ante-retroversion (rw=0.22, p=0.039, n=13) and in

aerobic performance assessed with the 6MWT (rw=0.14,

p=0.009, n=31).
3.12 Safety

A total of nine participants (17%) reported adverse events that

could be related to exercise. One participant each reported brief

dizziness after head movements, nausea after training, cramps

during activity in the shoulder girdle/forearm/thumb, Achilles

tendon problems, pain during single-leg stance, knee pain, neck

pain, and muscle pain. None of these events led to hospitalizations,

long-term impairments, or damage.
4 Discussion

The three key findings of our study are: First, a low- to

moderate-intensity individualized home exercise program with

remote support is safe for HNC patients in the aftercare; second,

positive effects on QoL, physical activity level, body composition

and physical function were observed, and third, HNC patients

accept and use the training materials and knowledge provided.
4.1 Recruitment and participants

In this multicenter study conducted in Rostock, Halle and

Greifswald, 53 participants were recruited over a period of 3.5

years. The long recruitment period, aside from the restrictions

imposed by the COVID-19 pandemic, may be attributed to the

limited number of participating centers (three university hospitals).

In Germany, oncological exercise therapy is not yet widely

implemented in clinical settings, resulting in a shortage of

exercise therapists available to support patients. Recruitment was
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carried out during aftercare appointments; via self-help group; and

through flyers, posters, and ear, nose, and throat practices. Due to

the broad and non-standardized nature of these recruitment

strategies, it is difficult to estimate the recruitment rate. Seasonal

variations were also observed, with spring and fall appearing to the

most favorable periods for engaging HNC patients in physical
Frontiers in Oncology 10
activity programs. The proportion of women (43%) was notably

higher than the typical HNC gender distribution (90% men, 10%

women). Additionally, many participants were non-smokers and

had prior physical activity experience, indicating a selection bias

and limiting the generalizability of the findings to the broader HNC

population in Germany.
TABLE 4 Small medium-term intervention effects (pre-FU, post-FU) on quality of life and physical activity levels (n=38).

Parameter Pre
median
(Q1, Q3)

Post
median
(Q1, Q3)

FU
median
(Q1, Q3)

Pre-Post
12 weeks effect

size rw (p)

Post-FU
12 weeks effect

size rw (p)

Pre-FU
24 weeks effect

size rw (p)

QoL (EORTC QLQ-C30a)

Global QoL scale [0-100] 67 (50, 75) 67 (58, 83) 75 (65, 83) 0.04 (0.685) 0.03 (1.000) 0.07 (0.175)

Functional scales [0-100]

physical
role
emotional
cognitive
social

87 (78, 93)
67 (63, 100)
63 (42, 83)
83 (63, 100)
67 (50, 83)

87 (80, 93)
67 (67, 100)
75 (58, 92)
83 (67, 100)
83 (63, 100)

87 (73, 93)
75 (63, 100)
75 (58, 85)
83 (67, 83)
83 (67, 100)

0.04 (0.906)
0.01 (1.000)
0.08 (0.117)
0.04 (0.828)
0.09 (0.041)

0.01 (1.000)
0.01 (1.000)
0.00 (1.000)
0.02 (1.000)
0.00 (1.000)

0.04 (0.685)
0.00 (1.000)
0.08 (0.076)
0.02 (1.000)
0.09 (0.056)

Symptom scales [0-100]

fatigue
nausea/vomiting
pain

33 (22, 56)
0 (0, 0)
33 (0, 50)

33 (11, 44)
0 (0, 0)
17 (0, 54)

33 (11, 44)
0 (0, 0)
25 (0, 33)

0.08 (0.101)
0.01 (1.000)
0.01 (1.000)

0.00 (1.000)
0.00 (1.000)
0.05 (0.506)

0.06 (0.408)
0.01 (1.000)
0.06 (0.256)

Single items [0-100]

dyspnea
insomnia
appetite loss
constipation
diarrhea
financial difficulties

33 (0, 33)
33 (0, 67)
0 (0, 33)
0 (0, 33)
0 (0, 0)
33 (0, 42)

0 (0, 33)
33 (0, 67)
0 (0, 41)
0 (0, 33)
0 (0, 0)
0 (0, 33)

0 (0, 33)
33 (0, 67)
0 (0, 33)
0 (0, 33)
0 (0, 0)
0 (0, 33)

0.05 (0.561)
0.01 (1.000)
0.03 (1.000)
0.02 (1.000)
0.01 (1.000)
0.10 (0.030)

0.02 (1.000)
0.03 (1.000)
0.01 (1.000)
0.01 (1.000)
0.00 (1.000)
0.00 (1.000)

0.03 (1.000)
0.02 (1.000)
0.03 (1.000)
0.00 (1.000)
0.01 (1.000)
0.10 (0.030)

QoL (EOTRC QLQ-HN35b)

Symptom scales [0-100]

pain
swallowing
taste/smell
speech
social eating
social contacts
sexuality

25 (8, 42)
17 (8, 33)
33 (0, 50)
22 (11, 44)
25 (0, 50)
10 (0, 33)
33 (17, 67)

17 (0, 42)
8 (0, 35)
17 (0, 33)
22 (0, 44)
17 (0, 44)
7 (0, 22)
17 (0, 33)

17 (0, 33)
17 (0, 25)
8 (0, 33)
11 (0, 36)
13 (0, 35)
7 (0, 27)
33 (0, 50)

0.07 (0.175)
0.03 (1.000)
0.04 (0.685)
0.06 (0.256)
0.04 (0.906)
0.05 (0.506)
0.10 (0.025)

0.05 (0.506)
0.04 (0.989)
0.03 (1.000)
0.03 (1.000)
0.04 (0.906)
0.01 (1.000)
0.04 (0.754)

0.12 (0.003)
0.07 (0.226)
0.07 (0.175)
0.09 (0.048)
0.08 (0.117)
0.03 (0.906)
0.06 (0.408)

Symptom items [0-100]

teeth problems
trismus
dry mouth
sticky saliva
cough
feeling ill

33 (0, 67)
33 (0, 75)
67 (33, 100)
33 (0, 67)
33 (25, 67)
0 (0, 33)

0 (0, 33)
33 (0, 67)
67 (33, 75)
33 (0, 67)
33 (0, 33)
0 (0, 33)

33 (0, 42)
0 (0, 33)
33 (33, 67)
33 (0, 67)
33 (0, 33)
0 (0, 33)

0.08 (0.117)
0.06 (0.408)
0.09 (0.056)
0.07 (0.226)
0.03 (1.000)
0.04 (0.989)

0.07 (0.175)
0.04 (0.754)
0.02 (1.000)
0.01 (1.000)
0.01 (1.000)
0.01 (1.000)

0.01 (1.000)
0.10 (0.025)
0.10 (0.015)
0.07 (0.134)
0.04 (0.828)
0.05 (0.621)

Physical activity (GSLTPAQc)

Leisure Score Index [≥0]
duration [min per week]

27 (21, 52)
280 (160, 570)

38 (27, 60)
290 (199, 551)

43 (25, 60)
325 (210, 518)

0.09 (0.065)
0.06 (0.361)

0.01 (1.000)
0.02 (1.000)

0.08 (0.155)
0.05 (0.769)
A Friedman test was performed, followed by post hoc Wilcoxon tests with Bonferroni correction was conducted to analyze temporal changes within the sample.
Interpretation of effect size rw 0.1 to <0.3 = small, 0.3 to <0.5 = moderate, ≥0.5 large effect.
bold: significant small medium-terms intervention effects.
QoL, Quality of Life; FU, follow-up.
aQuality of Life questionnaire of cancer patients of European Organization for Research and Treatment of Cancer.
bHead and neck–specific questionnaire of European Organization for Research and Treatment of Cancer.
A high value on the scale ‘global QoL’ and on the functional scales means a high degree of subjectively perceived health and a high assessment of the QoL or a high degree of performance and
function. A high value in the symptom scales correlates with a high degree of complaints.
cGSLTPAQ, Godin-Shepard Leisure-Time Physical Activity Questionnaire.
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4.2 Compliance with training
recommendations

The individual home exercise program is a novel set of exercises

specifically designed for HNC patients in aftercare (42). One

objective of this study was to assess participants’ training

frequency and amount per week. Unlike the pilot cohort (28),

participants were explicitly encouraged to incorporate additional

endurance training in line with cancer survivor guidelines (43) and

the recommendations for HNC patients (16).

Our findings showed that two-thirds of participants adhered to

the exercise recommendations. The realized training corresponded

to training recommendations in either terms of weekly training

session or total duration, or even both, with unexpectedly high

compliance (85%) to individual training. This adherence was

comparable to that in other home-based (44) and group-based

studies (45–47) and significantly higher than that in HNC patients
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undergoing chemotherapy (48). While the number of weekly

sessions met expectations, total training volume was twice the

target, despite intermittent interruptions in over 50% of

participants. This may be attributed to high intrinsic motivation

and good physical performance (selection bias). Most participants

were already physically active before the intervention (LSI ≥24)

(35). Since the training duration remained stable as the LSI

increased, it can be inferred that participants intensified their

workouts, which corresponds to training progression (49).
4.3 Information, use of the exercise
materials, weekly calls, and training with
others

The study aimed to support participants and reduce barriers to

physical activity (23, 24) by providing (a) a free exercise manual
TABLE 5 Small and moderate medium-term intervention effects (pre-FU, post-FU) on body composition and physical functionality.

Parameter n Pre Post FU Pre-post
12 weeks
effect
size (p)

Post-FU
12 weeks
effect
size (p)

Pre-FU
24 weeks
effect
size (p)

Body composition

Body Mass Index [kg/m²]
Body fat [%]
Skeletal muscle mass [kg]

31
29
29

23.8 (20.8, 27.1)
28.4 ± 8.2
23.9 ± 7.4

23.8 (21.0, 26.6)
27.4 ± 8.1
24.7 ± 7.5

23.5 (20.8, 26.4)
27.3 ± 9.4
24.6 ± 7.1

rw=0.00 (1.000)
d=0.46 (0.060)
d=0.44 (0.077)

rw=0.03 (1.000)
d=0.07 (1.000)
d=0.09 (1.000)

rw=0.03 (1.000)
d=0.43 (0.086)
d=0.36 (0.189)

Physical functional status

Mobility

Inter-incisor distance [cm] 27 4.0 (3.4, 4.4) 4.3 (3.5, 4.6) 4.2 (3.5, 5.0) rw=0.10 (0.145) rw=0.01 (1.000) rw=0.11 (0.105)

ROM shoulder joint [°] - only patients with restricted mobility

ante-retro version right
ante-retro version left
abduction-adduction right
abduction-adduction left
internal-external rotation right
internal-external rotation left

13
14
14
13
15
11

180 (165, 199)
170 (159, 189)
127 (120, 131)
127 (113, 130)
120 (110, 130)
115 (99, 130)

194 (173, 213)
180 (168, 189)
130 (129, 137)
130 (126, 137)
128 (118, 133)
128 (108, 132)

194 (170, 211)
184 (167, 190)
130 (125, 134)
130 (126, 131)
128 (118, 132)
128 (110, 130)

rw=0.22 (0.039)
rw=0.19 (0.176)
rw=0.27 (0.008)
rw=0.17 (0.359)
rw=0.17 (0.204)
rw=0.22 (0.264)

rw=0.00 (1.000)
rw=0.02 (1.000)
rw=0.08 (0.450)
rw=0.09 (1.000)
rw=0.09 (1.000)
rw=0.11 (1.000)

rw=0.22 (0.039)
rw=0.21 (0.113)
rw=0.19 (0.059)
rw=0.09 (1.000)
rw=0.09 (1.000)
rw=0.11 (1.000)

ROM cervical spine – only patients with restricted mobility

Inclination-reclination [cm]
lateral flexion [°]
rotation [°]

30
28
30

14.3 ± 3.4
45 (35, 54)
97.3 ± 26.8

14.7 ± 3.5
59 (39, 69)
104.8 ± 26.2

14.4 ± 2.8
60 (32, 70)
104.3 ± 23.1

d=0.17 (1.000)
rw=0.08 (0.373)
d=0.30 (0.335)

d=0.16 (1.000)
rw=0.03 (1.000)
d= 0.04 (1.000)

d=0.05 (1.000)
rw=0.04 (1.000)
d=0.28 (0.407)

Stand and reach test [cm] 34 -6.3 ± 10.6 -4.8 ± 10.3 -2.8 ± 11.0 d=0.27 (0.387) d=0.32 (0.212) d=0.53 (0.012)

Fall risk

SPPB [score] 35 12.0 (10.0, 12.0) 12.0 (11.0, 12.0) 12.0 (11.0, 12.0) rw=0.07 (0.249) rw=0.00 (1.000) rw=0.07 (0.192)

Aerobic performance

6-min walk distance [m]
Rating of perceived exertion (Borg scale)
Exercise-induced leg pain (CR-10 scale)

31 554 (500; 570)
13.0 (11.0; 13.0)
0.5 (0.0; 2.0)

585 (537; 665)
12.0 (11.0; 14.0)
0.5 (0.0; 1.5)

584 (520; 643)
12.0 (9.0; 13.0)
0.0 (0.0; 1.0)

rw=0.13 (0.010)
rw=0.02 (1.000)
rw=0.01 (1.000)

rw=0.00 (1.000)
rw=0.03 (1.000)
rw=0.05 (0.841)

rw=0.14 (0.009)
rw=0.01 (1.000)
rw=0.05 (0.683)
Variables are presented as mean ± standard deviation or in case of non-normality, as median (Q1, Q3).
A one-way repeated measures ANOVA, Bonferroni-corrected pairwise t-tests or in case of non-normality, a Friedman test including post hocWilcoxon tests with Bonferroni correction was used
to compare the values between the three measurement points (pre, post, follow-up (FU)).
Interpretation of effect size Cohen’s d for paired t test 0.20 to <0.5 = small, 0.5 to <0.8 = moderate, ≥0.80 = large effect.
Interpretation of effect size rw (Wilcoxon test) 0.1 to <0.3 = small, 0.3 to <0.5 = moderate, ≥0.5 large effect.
bold: significant small and moderate medium-terms intervention effects.
ROM, range of motion; SPPB, short physical performance battery; CR, Category-Ratio.
frontiersin.org

https://doi.org/10.3389/fonc.2025.1602532
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Felser et al. 10.3389/fonc.2025.1602532
with information, training programs (29), and video clips, (b)

training equipment for coordination and strength, (c) travel cost

reimbursement for study visits, and (d) weekly phone calls for

support and motivation.

Participant feedback confirmed high utilization of materials and

increased motivation through phone calls. High training

compliance, adjusted intensity, and continued participation in

half of the participants during the FU suggest that knowledge

about the benefits of physical activity was effectively conveyed

and implemented. As preferred by HNC patients (26), most

trained alone, likely due to the individualized program.

The low-resource approach (patients: no travel time or costs, no

costs for course participation or training equipment; therapists/

clinics: no premises or costs for premises, no time commitment of

therapists for the implementation of the training) appears suitable

for routine aftercare but requires appropriately qualified exercise

therapists for knowledge transfer.
4.4 Effects on QoL

The shown effect of individualized home training on the primary

endpoint—global QoL—was lower than expected (30). Although the

small intervention effect of our study with d=0.2023 is comparable to

the findings of O’Neill et al. (50) this result is surprising, as our

calculation for sample size acted on assumption of an experienced effect

of d=0.5755, comparable to Burgos-Mansilla et al. (14).

The physical performance/functionality was not only

objectively improved but also subjectively perceived by the

participants. Strueder et al. (51) described a discrepancy between

subjective QoL and objective functionality using swallowing

function as an example. They attributed this difference, among

other factors, to sensory deficits and reduced sensitivity, which can

make it difficult to correctly perceive functional limitations.

In our cohort, global QoL increased by 8 points between the

post-intervention (score=67) and FU assessments (score=75). In the

literature, exact thresholds for clinically relevant differences are

discussed with some controversy (52, 53). Although a threshold of

≥10 points is often assumed, it can be assumed that changes of 8

points are certainly clinically relevant, however small (52). While

physical performance remained largely stable during this period,

HNC-associated symptoms continued to decrease. These effects are

less attributable to home training itself and more indicative of

overall successful rehabilitative medical care. This suggests that

global QoL is more strongly influenced by symptom reduction than

by improvements in physical performance. Moreover, QoL is a

multidimensional construct in which the physical component

represents only one of several dimensions (54). Therefore, global

QoL is not an adequate primary end point for assessing the

effectiveness of exercise interventions (in HNC patients).

The improvement in emotional functioning corresponds to the

subjective perception of mood enhancement. Whether this
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improvement is solely attributable to the training or rather the

result of a multifactorial interaction—including symptom relief,

increased social interactions, enhanced self-esteem, and improved

sexual life—cannot be conclusively determined based on the

available data. The reduction in dyspnea and, in particular,

fatigue is likely due to the moderately intensive endurance

training (43). However, the observed pain relief is primarily

attributable to the intake of analgesics, which was reported by

one-third of the participants, although exercise therapy may also

contribute to pain reduction (46, 47).
4.5 Effects on physical activity level

The GSLTPAQ is a validated (34) and widely used tool in

oncological research. Most studies utilize the LSI to categorize

cancer survivors as either insufficiently active or active (35). In

contrast, the present study focused on changes in activity level over

time rather than categorial classification. Therefore, a modified

version of the GSLTPAQ was used, consistent with approaches in

many oncological studies (35). In addition to the LSI—calculated as

the number of exercise sessions ≥15 minutes multiplied by their

respective intensity levels —the average duration of these exercise

sessions was recorded. The total weekly activity duration across the

three measurement points showed only a slight increase during the

intervention, from 280 to 290 minutes. However, the LSI rose

significantly from 25 to 39, suggesting that participants performed

their activities at higher intensities, consistent with our

recommendations. This assumption is supported by the finding

that the average training duration during the intervention (257

minutes per week) nearly matched the total weekly physical activity

duration, indicating a shift toward more structured, higher-

intensity exercise. Since higher training intensity is known to

drive physiological adaptations, it is likely that the observed

improvements in aerobic performance and muscle mass were

primarily due to increase in intensity (49).

The findings—particularly the non-significant increase in LSI

and the extended activity duration between post-intervention to FU

—suggest a sustained enhancement in physical activity level, even

though only about half of the participants continued with individual

training. However, seasonal effects may have influenced the results:

40% of participants were enrolled in spring, leading to FU

assessments in summer, a season associated with increased

physical activity in the general population (55).

A small number of participants reported lower extremity pain

following training, underscoring the importance of gradual training

progression. Inactive or insufficiently active patients, in particular,

should first increase training volume before advancing to higher

intensities to reduce the risk of overuse injuries. For more accurate

assessments of physical activity changes, future studies should

consider using the modified GSLTPAQ or incorporate objective

measurement tools.
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4.6 Effects on body composition

During the intervention, positive changes in body composition

were observed. The BMI remained stable, while muscle mass

increased by approximately 3%p on average and fat mass

decreased by around 1%p. The observed increase in muscle mass

was only slightly lower than that reported following a progressive

resistance training program (56). Since the evidence on the effects of

exercise interventions on body composition in HNC patients during

after care remains limited (16), a clear interpretation of the results is

challenging. However, it is assumed that the positive effects can be

attributed to the combination of individualized exercises, including

strength exercise and endurance training. This training approach

aligns with the current recommendations by Avancini et al. (16),

who, based on existing evidence, consider a combination of strength

and endurance training particularly effective for this

patient population.

The lack of further muscle mass gain during the FU may

possibly be attributed to the absence of progression in strength

exercises. This highlights the importance of continuously adjusting

training intensity and load to promote long-term muscular

adaptations (49).
4.7 Effects on physical functioning

Mobility: Improvements in mobility across various body regions

suggest the effectiveness of the individualized exercise program.

Significant gains in mouth opening were observed after

intervention, though additional therapies (e.g., physiotherapy,

logopedics) were not tracked. At FU, no further significant gains

in inter-incisor distance were observed, likely because most

participants had already exceeded the functional threshold for

trismus in HNC patients of 35 mm (57) or had reached a normal

mouth opening of ≥40 mm (58). According to EORTC QLQ-HN35

assessments, fewer participants reported severe trismus symptoms

at FU compared to pre-intervention.

Shoulder mobility improved in participants with restricted

mobility in all three axes of movement, with mostly moderate to

large effects. Head rotation improved in the home training group, as

it did in the group training in the pilot cohort (28), but the effects

were smaller in the former. In addition, improvements in ROM

were observed in the home training group for lateral flexion of the

cervical spine (moderate effect). It is assumed that in the home

training group, the affected individuals trained more specifically

than was possible in the group setting. Particularly in the cervical

spine, ROM is not only determined by muscular tension but

possibly also by blockages that cannot be addressed with self-

training. Mobility of the lower back and hamstring (stand and

reach test) improved markedly, with a large effect— greater than

previously observed in group settings.

Fall risk: Although the SPPB has limited sensitivity in physical

fit HNC patients (28), results suggest reduced fall risk through

improved coordination and strength. The ceiling effect limited

mensurable gains.
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Aerobic performance: The 6MWT distance could be increased

during the 12-week intervention despite the high baseline

performance and was then maintained until the FU. The median

distance of >580 m post-intervention and FU corresponds to the

values of healthy subjects and is significantly higher than the

distances that breast cancer survivors achieved on average (59,

60). The walking distance was almost identical to that of the pilot

cohort (28) and comparable to the reports of Eades et al. (61) and

Capozzi et al. (45). Walking was the most common form of

endurance training in the study participants. The higher training

intensity probably led to an increase in maximal oxygen uptake (38)

as a result of the adaptation phenomena caused by stimuli that were

now effective in training (49). The fact that the effect was large for

the 6MWT is probably also due to the high specificity of the 6MWT.

PROs: The participants’ assessment of the extent of their

improvements in the various areas is consistent with the objective

measurement results. The improvement in mobility was most

strongly perceived. The perceived improvement in coordination,

which is mapped in functional diagnostics using the SPPB, appears

stronger than the SPPB can map (lack of sensitivity). The less

noticeable improvement in endurance performance was probably

due to the adequacy of physical performance before the

intervention. In addition, the improvement in walking distance

(+31 m) was below the clinically significant change of 54 m for

other clinical populations (62, 63). Consequently, the

improvements in everyday activities were not as noticeable as the

improvements in mobility. The same applies to the assessment of

general performance. The improvement in strength was rated

lowest by the participants. There were no objective measurement

parameters for this, so a comparison was not possible. However, the

strong improvements in mobility and the reduction in the risk of

falling suggest that the participants focused on mobilization,

coordination and stretching exercises. Consistent with the

literature, regular training also had a positive effect on body

awareness, mood and self-esteem (64, 65).
4.8 Additional comments on the
assessment of medium-term sustainability

Overall, HNC patients are a vulnerable cohort, which is

reflected by the many disease-related training interruptions and

the high health-related dropout during the study (at least 8 of 53

corresponds to >15%). To avoid bias in the assessment of the

sustainability of the training intervention, only patients who had

completed the FU measurement (n=38) were included in this

analysis. Consequently, the observed moderate to large

intervention effects (pre-post analysis, n=44) faded out (Table 2

vs. 4 and 3 vs. 5). This can be explained by the fact that the patients

who completed the whole study (n=38) started with a better QoL

(67 vs. 63, with (Q1 = 50, Q3 = 75) identical in both samples), lower

symptom burden and better physical performance/functionality at

the pre-intervention stage, than the cohort that only completed the

pre-post measurements (n=44). Our results thus illustrate that the

careful consideration of dropouts is important in longitudinal
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analyses, because dropouts can influence study results considerably,

especially in small sized studies. Consequently, reported effects of

exclusively short-term investigations should be interpreted at all

times in its short-term context. And longer-term investigations

should, at all measuring time points, include homogeneous samples.

In future intervention studies, investigation ranges and study

durations should be critically evaluated and discussed.

Since no significant changes were detectable between post- and

FU measurements, one might conclude that observed short-term

effects were maintained until the FU. However, it is to keep in mind,

that in the case of a statistically significant short-term intervention

effect with a subsequent medium-term effect (post-FU) of no

significance, three true scenarios are possible here: a complete

wash out of the short-term intervention effect (depending on

time), a further increase, or, an equivalent situation. The letter

two could be interpreted as sustainability of the obtained short-term

effect and thus, a successful home-training intervention.
4.9 Safety

During the intervention, despite the high training volume, only

a few adverse events occurred, none of which led to hospitalizations,

long-term impairments, or damage. Consequently, in line with

previous studies (44, 48, 61), home-based exercise training can be

considered safe. However, it should be noted that HNC patients

with clinically relevant comorbidities, including heart disease and

severe chronic obstructive pulmonary disease, were excluded from

study participation. To ensure safe training, the following

recommendations are derived based on our approach: Firstly,

exercise selection and intensity should be adapted to the existing

limitations, comorbidities, and physical performance of the

participants in accordance with current guidelines (43). Secondly,

all exercises should be demonstrated and instructed by experienced

therapists who can provide precise guidance on positioning and

execution prior the training. Thirdly, for patients who are physically

inactive or inexperienced, training volume and intensity should be

increased gradually. We suspect that the reported pain, especially in

the lower extremities (knees, Achilles tendon), is due to long

endurance training sessions with sudden increases in intensity

and could therefore be avoided.
4.10 Strengths and limitations

The OSHO#94 study ist he first study that evaluated the

sustainability of a 100% home exercise program in addition to the

effectiveness. Another strength is the high test specificity,

particularly in assessing mobility and aerobic performance.

However, the study design also has some limitations. In addition

to the limitations already mentioned in the study protocol (30)—

the single-arm design (lack of a control group), missing data on

recruitment rates, and the use of the GSLTPAQ for assessing

activity levels—the small sample size represents a relevant
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limitation. As a result, it was not possible to detect medium and

small effects as statistically significant across three measurement

time points, if there. And besides, we applied the Bonferroni

correction as a conservative statistical method in multiple testing,

knowing that our discernible set of study limitations makes

conclusions much more difficult. Consequently, further well

designed studies with a more appropriate primary outcome and

larger sample sizes are needed to confirm our findings. Another

limitation is the lack of an objective test for assessing muscle

strength. A simple handgrip strength test could have provided

additional information alongside changes in muscle mass. Despite

these limitations, the results of the OSHO #94 trial demonstrate that

an individualized home-based exercise program with low-to-

moderate intensity is feasible, safe, and effective. The program,

specifically designed for HNC patients, appears to be suitable for

routine clinical care.
5 Conclusion and outlook

The individually adaptable home exercise program designed for

HNC patients in aftercare proved to be safe and effective, particularly in

terms of improving physical function. Additionally, positive changes

were observed in body composition, along with an improvement in

QoL. The high effectiveness was probably due to the consideration of

three important training principles: The individualization/targeting of

the training; progression, especially with regard to endurance training

(increase in intensity); and the setting of effective training stimuli (49).

Thus, the training program, including the chosen approach—

knowledge transfer, free provision of training equipment, and remote

support (for a certain period)— to be suitable for transferring the

knowledge gained to date, primarily in randomized controlled trials, on

the effectiveness of targeted exercise interventions in HNC patients (46,

47, 56, 66–70) into routine care. This could benefit HNC patients who

have not previously had access to guided interventions, especially

patients in rural areas. In addition, home training offers the

advantage that the training can be adapted to the individual needs

and preferences of the patients, is cost-effective and less time-

consuming, which can potentially reduce barriers to participation in

the training. Due to the specificity of functional diagnostics, particularly

in mobility assessments and aerobic performance tests, even small

effects could be detected. However, in our setting they could not be

detected statistically significant. Studies with larger sample sizes and

longer observation periods are necessary to determine whether less fit

patients can achieve progress in their physical functioning beyond the

supported phase.
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