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ORIGINAL ARTICLE

Lean body mass and muscle function in head and neck cancer
patients and healthy individuals - results from the DAHANCA
25 study

SIMON LONBRO" 2, ULRIK DALGAS?, HANNE PRIMDAHL?, JORGEN JOHANSEN?,
JAKOB LINDBERG NIELSEN®, JENS OVERGAARD! & KRISTIAN OVERGAARD?

I Department of Experimental Clinical Oncology, Aarhus University Hospital, Aarhus, Denmark, >2Department of
Public Health, Section for Sports Science, Aarhus University, Aarhus, Denmark, >Department of Oncology,
Aarhus University Hospital, Aarhus, Denmark, *Department of Oncology, Odense University Hospital, Odense,
Denmark and >Institute of Sports Science and Clinical Biomechanics, University of Southern Denmark

Abstract

Introduction. Loss of lean body mass is common following radiotherapy in patients with head and neck squamous cell
carcinoma (HNSCC) and may reduce maximal muscle strength and functional performance. However, the associations
between lean body mass, muscle strength and functional performance are unclear and no studies in HNSCC patients
have compared the levels of these variables to the levels seen in healthy individuals. Purpose. The purpose of the present
study was to investigate the associations between lean body mass, maximal muscle strength and functional performance
in HNSCC patients and to compare the levels of these variables after radiotherapy and after progressive resistance
training with the levels in healthy individuals. Material and methods. Lean body mass (dual energy X-ray absorptiometry),
maximal muscle strength (isokinetic dynamometry) and functional performance (10 m max gait speed, 30 s chair rise,
30 s arm curl, stair climb) from HNSCC patients from the DAHANCA 25 trials and data from 24 healthy individuals
were included. Results. Lean body mass and maximal muscle strength were significantly associated according to the
gender and age-adjusted linear regression model (p <0.0001). In addition, maximal muscle strength were associated
with 30 s arm curl performance, 10 m max gait speed and 30 s chair rise (p <0.0001). Multiple regression analyses
showed that HNSCC patients expressed significant lower levels of the investigated variables after radiotherapy than
healthy individuals (p < 0.0001), and that all differences were evened out after training. Conclusions. Significant associations
were found between lean body mass, maximal muscle strength and functional performance in HNSCC patients. Patients
expressed lower levels of these variables compared with healthy individuals, suggesting that lean body mass is a clinically
relevant health factor in HNSCC patients.

Following radiotherapy, patients with head and neck
squamous cell carcinoma (HNSCC) experience con-
siderable side effects such as dysphagia, xerostomia
and mucositis. Consequently, the majority of patients
experience a weight loss of 6—-12% of pre-treatment
body weight [1-3]. This weight loss may persist for
more than two years post-treatment [4,5] and has
been shown to negatively impact survival in HNSCC
patients [6,7]. Moreover, studies show that up to
72% of the weight loss following radiotherapy in
HNSCC patients is lean body mass [1,8].

In the healthy elderly population loss of lean
body mass (sarcopenia) is strongly associated with
decreased muscle strength and further associations
are reported between sarcopenia and functional
impairment, disability, increased risk of falls and
all-cause mortality [9—13]. This strongly emphasizes
the clinical relevance of building or maintaining
lean body mass in elderly individuals.

The loss of lean body mass in HNSCC patients
may be considered to be of clinical relevance if it
can be documented that loss of lean body mass leads
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to a loss of physical function. Only few studies on
the consequences of reduced lean body mass in
HNSCC patients have been published [1,14,15] and
they report contradictory findings on the associa-
tions between lean body mass, hand grip strength
and functional performance [1,14]. In addition,
most trials in HNSCC patients assess functional (or
physical) performance by patient reported question-
naires [16], while the association between outcomes
of such questionnaires and objectively assessed func-
tional performance in HNSCC patients remains
uninvestigated.

Previously, we found that progressive resistance
training significantly increased lean body mass, max-
imal muscle strength and functional performance
following radiotherapy in HNSCC patients [2,17].
However, it is undefined how the levels of lean body
mass, strength and functional performance in patients
before or after training, compare to the levels of a
healthy population. Thus, to understand the clinical
relevance of lean body mass in HNSCC patients, it
is evident to study both the associations between lean
body mass, maximal muscle strength and functional
performance in the same cohort of HNSCC patients
as well as compare the levels of these variables to the
levels of healthy individuals. Consequently, the pur-
pose of the present study was to: 1) investigate the
associations between lean body mass, maximal mus-
cle strength and functional performance; and 2) and
compare baseline and post-training values of these
variables of HNSCC patients to values of healthy
individuals.

It was hypothesized that lean body mass, maximal
muscle strength and functional performance would
be positively associated in HNSCC patients. Fur-
thermore, HNSCC patients were expected to express
significantly lower levels of these variables at baseline
following radiotherapy than healthy individuals, and
that increased levels post-training would counterbal-
ance this difference. Thus, lean body mass was
expected to be a highly clinically relevant factor.

Material and methods
Setting and patients

HNSCC patients. Data from patients enrolled in
DAHANCA 25A and 25B trials were included in this
study. The DAHANCA 25A is a single center,
randomized, non-controlled trial, investigating the
feasibility of 12 weeks of progressive resistance
training in HNSCC patients. The DAHANCA 25B
is a multicenter, randomized trial investigating the
effect of 12 weeks of progressive resistance training
on lean body mass in HNSCC patients. All patients
had received primary radiotherapy prescribed with

curative intent according to the DAHANCA guide-
lines (www.dahanca.dk). Full details on both trials
are presented elsewhere [2,17].

Baseline data on body composition, maximal
muscle strength and functional performance from 66
patients from the DAHANCA 25A (n=25) and 25B
(n=41) trials were included. The two groups of the
25A trial (training with dietary supplementation vs.
training with placebo supplementation) and the two
groups of the 25B trial (early vs. delayed onset of
training following radiotherapy) all engaged in the
same 12-week progressive resistance training proto-
col, and post-training data of the 55 patients com-
pleting the entire training intervention were included
in the present study. Due to the designs of the 25A
and 25B trials, the intervention was not entirely iden-
tical between groups with regards to nutritional
intake (25A) and timing of training post-treatment
(25B). However, the same training intervention was
completed by all patients regardless of group assign-
ment and both studies found no significant differ-
ences between different training groups on changes
in lean body mass, muscle strength and functional
performance.

Healthy individuals. Twenty-four healthy individuals
were included in the study. The recruitment proce-
dure was conducted to match the healthy control
group with the population of HNSCC patients of
the DAHANCA 25 trials with respect to age, gender
and socio-economic status. Thus, asking all patients
from the DAHANCA 25 trials to find family mem-
bers, friends or colleagues interested in participat-
ing, provided a total of 24 individuals. Participants
fulfilled the following inclusion criteria: 1) No cur-
rent or previous malignancies, psychological, social
or geographical conditions that could prevent par-
ticipation; 2) No self-reported excessive alcohol
intake (men > 21 and women > 14 units/wk); 3) No
participation in resistance training of more than one
hour per week; and 4) written consent. All interested
individuals were contacted by telephone and if they
fulfilled the inclusion criteria received both written
and oral information before giving written consent.
One of the interested individuals was excluded due
to knee problems.

Endpoint evaluation

Within four weeks after the two month post-
treatment follow-up at the clinic, all HNSCC
patients underwent a comprehensive assessment pro-
tocol, where all endpoints were evaluated. The meth-
odological details have been described previously
[2,17]. Whole body lean body mass was determined
using dual energy x-ray absorptiometry (DEXA).
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Maximal knee extensor (KE) and flexor (KF)
strength were determined using isokinetic dynamom-
etry. From six maximal attempts of both isokinetic
(60° X s~ ! KE and KF) and isometric (70° KE and
20° KF) contractions, the best attempt in terms of
peak torque (Newton-meters) from each contraction
type was used for further analysis. Functional perfor-
mance was assessed by the following test battery:
10 m maximal gait speed test (m/s); 30 s maximal
chair rise test (maximal number of chair rises
recorded); 30 s maximal arm curl test (maximal
number of repetitions recorded); maximal stair
climbing test (steps/second).

As a secondary explorative analysis, we investi-
gated the association between functional perfor-
mance and patient reported physical function. The
latter was evaluated by the sub-scale “Physical Func-
tion” from the European Organisation for Research
and Treatment of Cancer (EORTC) questionnaire
QLQ-C30.

The level of leisure time physical activity (PA) of
the HNSCC patients post-treatment and of the
healthy individuals was categorized by the Saltin &
Grimby questionnaire [18].

Statistics

Associations between lean body mass, muscle strength and
Sfunctional performance. Owing to physiological differ-
ences between genders we assumed that gender would
act as a confounder to the association between lean
body mass and maximal muscle strength and between
maximal muscle strength and functional performance.
Accordingly, gender was included as a confounder in
the linear regression models. To account for the
possibility that the associations could be different
within different age groups, we included age dichoto-
mized as below or above the median age (56 and
59 years for HNSCC patients and healthy individu-
als, respectively) in the model as an effect modifier.
Consequently, we made two models; the crude
linear regression model and the adjusted model that
included gender as a confounder and age as an effect
modifier. Only crude linear regression models were
performed on associations between functional per-
formance and patient-reported physical function.

The results from the crude and adjusted linear
regression models are presented as R? indicating the
degree to which the variation of the dependent
variable can be explained by the variation of the
independent variable. In addition, the regression
coefficients are presented to describe the magnitude
of change in the dependent variable, when the inde-
pendent variable changes.

To compare the associations between lean body
mass, muscle strength and functional performance

between patients and healthy individuals, further
linear regression analyses were performed.

Comparisons between HNSCC patients and healthy
individuals. Endpoint values of HNSCC patients at
baseline and post-treatment were compared statisti-
cally with values of the healthy individuals using
multiple regression analyses. All analyses and results
are based upon regression models adjusted for gen-
der, as both body composition and physical perfor-
mance in general are influenced by gender.

All analyses were performed using STATA ver-
sion 11.2. and all data followed a normal distribution
(tested using Q-plots and histograms). Endpoints
were tested statistically using a 5% level of signifi-
cance. Results from the multivariate analyses are
expressed as mean values = standard error unless
otherwise stated and patient characteristics as
mean * standard deviation. Bonferroni corrections
were employed to correct for type I errors due to
multiple testing (0.05/72 tests) and consequently
p <0.0006 was considered statistically significant.

Results

Characteristics of HNSCC patients and healthy indi-
viduals are presented in Table I. The two groups were
similar regarding age, gender and socio-economic
status. With regard to the baseline variables presented
in Table I, the 11 patients that did not complete the
12 weeks of progressive resistance training and thus
had no post-training values were not different to the
55 patients that completed the training (p>0.05;
student’s t-tests). HNSCC patients had a significant
lower body weight and body mass index (BMI) than
the healthy individuals, however after Bonferroni
correction this did not reach statistical significance
(p<0.05).

Of the 66 HNSCC patients, two were excluded
from all analyses that included muscle strength or
functional performance due to a meniscus injury and
unspecified knee problems negatively affecting
their performance. Further two patients felt uncom-
fortable during the muscle strength test, why the
data sets from these two patients are incomplete.

Associations berween lean body mass, muscle strength
and functional performance in HNSCC patients

Lean body mass and all measures of maximal muscle
strength were significant associated with R? values
ranging from 0.59-0.67 (p <0.0001) (adjusted mod-
els) (Table II and Figure 1). The coefficients of
the adjusted linear regression models on the associ-
ation between lean body mass and KE strength
ranged from 4.8-5.5 Nm/kg lean body mass. In the
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Table I. Characteristics of HNSCC patients and healthy
individuals.

HNSCC Healthy
patients individuals
(n=1606) (n=24)

Median age (range),
years

56 =8 (27-72) 59 =9 (25-69)

Body weight, (at time 71.7*t12.4 79.5*13.7
of inclusion), kg
Weight loss during —8.5%6.5 (—30.0-8.0) -
treatment
(range), kg
Weight loss during —-9.6*+6.4 (—26.1-11.9) -
treatment
(range),%
Height (m) 1.76 =0.08 1.77 £0.08
Body mass index 23.0*+34 25.5*+3.6
Relative weight loss
>8.5% 34 (52%) -
<8.5% 31 (48%) -
Gender
Female 12 (18%) 7 (29%)
Male 54 (82%) 17 (71%)
Physical activity level
(leisure time)
I 6 (17%) 1 (5%)
I 21 (60%) 7 (35%)
111 8 (23%) 9 (45%)
v 0 (0%) 3 (15%)

Values presented as mean = SD unless stated otherwise. *Group
difference (unpaired t-test, p<0.05). Physical activity level mea-
sured by the Saltin and Grimby questionnaire [18]: Level I (almost
completely inactive, 0-2 hours of light PA per week), II (at least
4 hours of light PA per week), III (light PA of >4 hours per week
or 2—4 hours of vigorous PA per week) and IV (vigorous PA>
4 hours per week or strenuous exercise several times per week).

association between lean body mass and KF strength
the coefficients ranged from 2.0-2.2 Nm/kg lean
body mass. The associations between total body
weight and muscle strength were also significant,
albeit with lower R?-values ranging from 0.50-0.57
(p<0.0001) in the adjusted models. Maximal iso-
metric KE strength was associated with 30 s arm curl
(R?=0.44, p<0.0001), 10 m max gait speed
(R?=0.31,p=0.0001) and 30 s chair rise (R>2=0.34,
p <0.0001), whereas the association with stair climb
did not reach statistical significance after the Bonfer-
roni correction (R?=0.21, p=0.007). None of the
functional performance tests were associated with
the physical function dimension of the EORTC
QLQ-C30 questionnaire after the Bonferroni
correction (R? ranging from 0.06-0.14, p <0.05).
The results from the adjusted linear regression
analyses in healthy individuals revealed associations
similar to those of HNSCC patients. However, the
associations between isometric muscle strength
and functional performance did not reach statistical
significance. As illustrated in Figure 1, the linear

regression coefficients of the crude models were not
significantly different between healthy controls and
HNSCC patients for any of the analyses performed
(Figure 1).

See Table II for all results from both adjusted and
crude linear regression models.

HNSCC patients compared with healthy individuals

At baseline lean body mass adjusted for gender was
10% lower in HNSCC patients compared with the
healthy individuals (5.6 = 1.5 kg; p<<0.0001; 95%
CI -8.6;-2.7). After 12 weeks of progressive resis-
tance training in the patient group the difference was
no longer significant (2.1 = 1.5 kg; p>0.05; 95% CI
-5.1;0.9). Maximal muscle strength was consistently
lower in HNSCC at baseline than healthy individu-
als. Overall maximal muscle strength adjusted for
gender based on values from all four muscle strength
tests was 15% lower in HNSCC patients at baseline,
however the difference was only significant for
isometric muscle strength (p <0.0001). After train-
ing there were no significant differences between
patients and controls in maximal muscle strength.
In all four functional performance tests at baseline,
HNSCC patients scored significantly lower than
healthy individuals. Overall functional performance
based on all four tests adjusted for gender was 18%
lower in HNSCC patients at baseline. Again, the
training period eliminated the differences between
patients and healthy individuals (Table III).

Discussion

The present study showed that lean body mass
was strongly associated with maximal lower
extremity muscle strength, which was further sig-
nificantly associated with functional performance
in HNSCC patients. These associations were sim-
ilar to associations observed in healthy individu-
als. In HNSCC patients’ lean body mass, maximal
muscle strength and functional performance were
significantly reduced at baseline compared to
healthy individuals. These deficits were evened out
following 12 weeks of progressive resistance train-
ing, where the HNSCC patients were no longer sig-
nificantly different from healthy controls in lean
body mass, muscle strength or functional perfor-
mance. As proposed earlier [19], studies are war-
ranted to further comprehend the specific needs of
rehabilitation in specific cancer patients. The find-
ings from the present study strongly underline
and support the clinical relevance of lean body mass
in HNSCC patients following radiotherapy and
emphasize the importance of interventions to pre-
vent or reverse the loss of lean body mass.
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Table II. Associations between lean body mass, maximal muscle strength and functional performance.

HNSCC patients

Healthy individuals

Crude model Adjusted model Crude model Adjusted model
Dependent and Coefficient Coefficient Coefficient Coefficient
independent variable R? [95% CI] R? [95% CI] R? [95% CI] R? [95% CI]
Isometric KE
Body weight 0.30 2.5 0.50 2.4 0.31 2.5 0.71 1.3
p<0.0001*  [0.5:3.4] p<0.0001%* [1.0;3.7] p=0.004  [0.9;4.2] P<0.0001% [0.4;2.9]
Isokinetic KE
Body weight 0.32 2.1 0.57 2.3 0.43 2.3 0.71 1.6
p<0.0001%  [1.3;2.9] p<0.0001* [1.3;3.2] p=0.0005* [1.153.4] p=0.0001% [0.4;2.9]
Isometric KE
Lean body mass 0.58 5.0 0.63 5.5 0.68 4.2 0.75 2.5
p<0.0001*  [3.9;6.1] p<0.0001* [3.6;7.4] p<0.0001* [2.9;5.5] P<0.0001% [0.2:4.7]
Isokinetic KE
Lean body mass 0.56 4.0 0.67 4.8 0.70 3.3 0.80 3.0
p<0.0001*  [3.134.9] p<0.0001* [3.4;6.2] p<0.0001* [2.4;4.3] p<0.0001* [1.5:4.5]
Isometric KF
Lean body mass 0.50 2.4 0.59 2.0 0.66 2.4 0.71 1.6
p<0.0001* [1.853.1] p<0.0001* [0.9;3.0] p<0.0001* [1.7;3.2] p=0.0001% [0.2;2.9]
Isokinetic KF
Lean body mass 0.49 2.2 0.61 2.2 0.68 2.2 0.78 1.7
p<0.0001* [1.6;2.8] p<0.0001* [1.3;3.1] p<0.0001* [1.5:2.8] p<0.0001* [0.5;2.7]
10 m max gait speed
Isometric KE/ 0.27 0.26 0.31 0.2 0.38 0.3 0.43 0.2
bodyweight p<0.0001*  [0.1;0.4] p=0.0001% [0.1;0.4] p=0.001 [0.1;2.0] p=0.03 [-0.1;0.5]
30 s arm curl
Isometric KE 0.34 0.04 0.44 0.05 0.29 0.05 0.34 0.1
p<0.0001% [0.03;0.06] p<0.0001* [0.03;0.07] p=0.006 [0.01;0.08] p=0.08 [0.0;0.12]
30 s chair rise
Isometric 0.26 3.6 0.34 3.8 0.28 3.8 0.33 2.4
KE/Bodyweight p<0.0001* [2.05.2] p<0.0001% [1.7;5.9] p=0.008  [1.1:6.6] p=0.09 [-2.6;7.5]
Stair climb
Isometric KE/ 0.13 0.3 0.21 0.2 0.30 0.4 0.32 0.4
Bodyweight p=0.004 [0.1;0.5] p=0.007 [0.1;0.5] p=0.005 [0.1;0.7] p=0.1 [—0.1;0.9]
Physical function
10 m max gait speed 0.14 17 0.001 -0.5
p=0.003 [6528] p=0.88  [-7.8;6.7]
Physical function
30 s arm curl 0.06 0.9 0.29 0.2
p=0.046  [0.02;1.7] p=0.006 [—0.1;0.6]
Physical function
30 s chair rise 0.16 1.2 0.22 0.4
p=0.001 [0.552.0] p=0.03  [0.03;0.8]
Physical function
Stair climb 0.10 —-2.5 0.13 -1.1
p=0.015 [—4.0;—0.5] p=0.11  [-2.4;0.3]

Results from the linear regression models on associations between body weight, lean body mass, maximal muscle strength - isokinetic knee
extension (KE) and knee flexion (KF), functional performance and self-reported physical function in radiotherapy-treated HNSCC patients
and healthy individuals. Results from the crude and adjusted models are presented. The dependent variable in the linear regression analyses
are expressed in bold letters with the independent below. The results from the crude and adjusted linear regression models are presented
as R? indicating how well the variation of the dependent variable can be explained by the variation of the independent variable. In addition,
the regression coefficients describe the magnitude of change in the dependent variable when the independent variable changes. In both
models asterisks indicate statistical significance of association. After Bonferroni correction a p-value <0.0006 was considered statistically

significant (denoted *).

The R2-values of the adjusted models indicate
that as much as 59-67% of the variation in maximal
muscle strength was explained by the variation in
lean body mass in HNSCC patients, while 21-44%
of the variation in functional performance was

explained by the variation in muscle strength in
HNSCC patients. In accordance with the present
study, Jager-Wittenaar et al. [14] found an associa-
tion between lean body mass decline and decline of
hand grip strength. However, the cross-sectional
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Figure 1. Associations between lean body mass, muscle strength and functional performance.

Left: Association between lean body mass, isometric knee extension (KE, Newton-meters) in HNSCC patients and healthy individuals.
Right: Association between isometric KE adjusted for body weight (Newton-meters/kg) and 10 m max gait speed (m/s) in HNSCC patients

and healthy individuals.

Table III. Body composition, maximal muscle strength and functional performance values in HNSCC patients and healthy individuals.

HNSCC patients

HNSCC patients (baseline)
versus healthy individuals

HNSCC patients (post-training)
versus healthy individuals

Post- Healthy Gender adjusted Gender adjusted
Baseline training  individuals  Crude diff.  diff. [95% CI] Crude diff. diff. [95% CI]
Body weight, kg 71.2*15 74.1*1.8 795*28 —8.3*x3.1 —-9.7+2.8% —54*+3.0 —6.8*+2.8
[—15.2;—4.3] [—1.2;—12.4]
Body mass index 229*04 23.7+x0.5 255*0.7 —2.6*+0.8 —2.8+0.8% —1.8*+0.8 —-1.9+0.8
[—4.4;—1.2] [-0.3;—3.4]
Lean body mass, kg 52.0+1.0 54.9+25 555+2.5 —3.7+2.3 —5.6*+1.5% —-0.6+2.4 -2.1*1.5
[-8.6;—2.7] [—5.1;0.9]
Fat mass, kg 17.3+1.0 165*1.1 20.8*1.6 —-3.7%t1.9 -35*1.9 —43*2.0 —4.1*1.6
[—7.2;0.3] [—0.3;—8.0]
Maximal muscle strength
Isometric KE, Nm 1677 214*10 218*13 —51=*15 —62 = 12* —4*+16 —-15*+12
[—86;—39] [—9;40]
Isometric KF, Nm 97+4 121 £4 1197 —22=*7 —28+5% —-1x6 -5*6
[—39;—17] [=7;16]
Isokinetic KE, Nm 142+6 171 £8 152£10 —11=*x12 —-17*9 1813 1010
[—35;0.4] [-31;10]
Isokinetic KF, Nm 81=*3 106 £5 92+7 —11%7 —-16*+6 13+7 8+6
[-27;-5] [—19;3]
Functional performance
10 m max gait speed, m/s 2.0+0.0 2.3%+0.1 2.3+0.1 —-0.3+0.1 -0.3+0.1% 0.0+0.1 —-0.1£0.1
[-0.5;—0.2] [-0.2;0.1]
30 s arm curls, repetitions 18*+1 24=*1 23+1 —-5=*1 —5+1% 1*+1 11
[—8;—3] [—2;3]
30 s chair rise, repetitions 18+1 24+1 23+1 —-5*1 —5+1% 1+x1 0*+1
[—8;—3] [—253]
Stair climb, steps/s 2.6+0.1 3.0+0.1 3.1+0.1 —-0.4+0.1 -0.5+0.1% 0.0+0.1 —-0.1£0.1
[-0.7;—0.2 ] [—0.3;0.2]

Body composition, maximal muscle strength and functional performance values in HNSCC patients at baseline (n = 64) and following
12 weeks of progressive resistance training (n=55) and healthy age-matched controls (n=24). Data presented as mean * SEM.
Statistical group differences based upon multiple regression analyses adjusted for gender are denoted *(p <0.0001) with 95% confidence
intervals. After Bonferroni correction a p-value <0.0006 was considered statistically significant. KE, knee extension; KF, knee flexion;

Nm, Newton-meters.
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design of the present study precludes direct compar-
ison to the study of Jager-Wittenaar. Furthermore, in
prostate patients receiving androgen suppression
therapy Galvao et al. [20] found associations between
appendicular skeletal muscle mass and maximal leg
extension strength (assessed by the one repetition
maximum test) and larger leg extension strength
was associated with better functional performance
(i.e. five-times chair rise performance and 6-min
walk test) [20], indicating that the observed associa-
tions exist in other cancer patients. Differences in
strengths of associations between lean body mass
and strength between studies may be explained by
the different patient characteristics (e.g. treatment
status, age and gender) as well as different methods
of evaluation of muscle strength and functional
performance.

The present study clearly demonstrated that after
radiotherapy HNSCC patients were significantly
inferior to the healthy individuals regarding lean
body mass, maximal muscle strength and functional
performance. Thus, lean body mass, muscle strength
and functional performance in HNSCC patients
were 10%, 15% and 18% lower, respectively, than in
the healthy individuals. Considering our data in con-
junction with the extensive lean body mass loss
reported in radiotherapy-treated HNSCC patients
[1,14], it is strongly suggested that preservation and/
or fast re-establishing of lean body mass should be a
major rehabilitation goal, when trying to maintain
and/or rebuild muscle strength and functional per-
formance in these patients.

As shown previously [2,17], progressive resis-
tance training is feasible and effective in rebuilding
lean body mass and maximal muscle strength in
HNSCC patients following radiotherapy. In fact, 12
weeks of training increased lean body mass by more
than 4% and maximal muscle strength by approxi-
mately 20%. Thus, as shown by our analysis, the
training of HNSCC patients effectively increased
the levels of lean body mass, maximal muscle
strength and functional performance to the levels of
a group of matched healthy individuals. This strongly
emphasize, that the inferior physical state of the
patients following radiotherapy is reversible by
means of training.

The coefficients of the regression analyses
between lean body mass and maximal KE strength
ranging from 4.0-5.4 Nm/kg lean body mass indicate
theoretically, that if lean body mass is increased by 1
kg (approximately 2% of the mean lean body mass
of the HNSCC patients) maximal muscle strength
will increase by 4.0-5.4 Nm (approximately 3% of
the mean maximal KE strength of the HNSCC
patients). The training intervention induced larger
increases in muscle strength than expected from the

increases in lean body mass according to the regres-
sion model [2,17].This discrepancy is likely explained
by the additive effects of neural adaptations as
well as possible changes in muscle quality following
training [21].

We observed lower R?-values of the associations
between muscle strength and functional perfor-
mance, indicating that other factors than muscle
strength significantly influence functional perfor-
mance. These factors may include task habituation,
motor skills, balance and sensation of safety. In
addition, a possible ceiling effect in the functional
performance tests potentially inhibits better perfor-
mance despite larger lean body mass.

Body weight is an easily obtainable outcome mea-
sure that has been associated with prognosis [7],
QoL and patient reported physical function in
HNSCC patients [22]. Moreover, a reduction in
total body weight is often used as a clinical predictor
of increased morbidity and mortality in HNSCC
patients [7]. Interestingly, our findings imply that
lean body mass is a stronger predictor of post-
treatment maximal muscle strength than total body
weight. We observed lower R?-values between body
weight and muscle strength in the HNSCC patients
compared to the RZ-values between lean body
mass and muscle strength, indicating that lean body
mass predicts the level of muscle strength in these
patients better than total body weight. It may be
speculated that lean body mass could also be used as
a superior predictor of morbidity and mortality in
HNSCC patients compared to body weight.
Importantly, in this respect, the potential presence of
sarcopenic obesity (high adipose mass and low
lean body mass) in a normal weight or even over-
weight HNSCC patients following treatment might
conceal a negative prognosis of this subgroup of
patients. Applying lean body mass as a predictor of
clinical outcome instead of body weight would
take sarcopenic obesity into account as proposed
previously [9,23].

As a sub-analysis, the association between func-
tional performance and patient reported physical
function was investigated. We found no significant
associations and low RZ?-values indicate that only
6-16% of the variation in patient reported func-
tional performance is explained by the variation in
functional performance. These findings are interest-
ing and strongly suggest that other factors in
addition to objectively measured functional perfor-
mance largely influence the patient’s own percep-
tion of their level of physical function. This could
be due to implicit individual conception of physical
function, cognitive impairments or depression
related to illness as proposed previously [24]. The
findings are also in agreement with previous reports
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of low to moderate correlations between patient
reported physical activity and actual functional per-
formance in other groups of patients such as patients
with low back pain [25].

The strengths of the present study are that lean
body mass, muscle strength and functional perfor-
mance are objectively measured using validated
and reliable methods in a well-defined group of
HNSCC patients and that the levels are compared
to a group of healthy individuals. This enables a
deeper understanding of the functional perfor-
mance and health status of HNSCC patients, which
is needed to optimize interventions, aimed at main-
taining or improving functional performance and
decreasing the risk of physical impairments.

The primary limitation of the present study is
the cross-sectional design, which precludes conclu-
sions on causal relationships between lean body
mass and muscle strength. Nonetheless, the force
generating capacity of muscle per unit of cross sec-
tional area is well established in healthy people [26]
providing the direction of the association. The direc-
tion of the association between muscle strength and
functional performance is, however, arguable, since
higher muscle strength could induce a better func-
tional performance and vice versa.

Co-morbidity is common in HNSCC patients
[27], however due to the physical demands in par-
ticipating in a progressive resistance training pro-
tocol, patients with WHO performance status > 2,
patients with co-morbidity and other malignancies
including alcohol abuse hindering completion of
exercise training protocol were not included in the
DAHANCA 25 trials. Thus, the weakest patients
were not likely to be enrolled in the studies. Nev-
ertheless, the fact that the included HNSCC
patients expressed significant lower levels of all
investigated endpoints compared with healthy con-
trols, only underline the relevance of the problem
in these patients. Including the weakest patients
would likely increase this difference.

Due to the risk of type I errors induced by mul-
tiple testing, Bonferroni corrections were employed.
Being highly conservative, the Bonferroni correction
may generate false negatives. Nevertheless, the con-
sistent associations and group differences throughout
the present study indicate a strong trend and fortify
the conclusions from the analyses.

In conclusion, significant associations were
observed between lean body mass, maximal muscle
strength and functional performance in the present
study. After radiotherapy HNSCC patients expressed
significant lower levels of these variables than healthy
individuals, however, following a period of resistance
training, these deficits were reversed. These finding
emphasize the clinical relevance of lean body mass

in HNSCC patients following radiotherapy and sug-
gest that preservation and/or reestablishing of lean
body mass is important to maintain the highest pos-
sible muscle strength and best functional perfor-
mance in HNSCC patients.

Acknowledgments

The authors would like to thank Berit Eide
(Department of Oncology, Aarhus University
Hospital) and Dorthe Grunske Schmidt (Depart-
ment of Oncology, Odense University Hospital) for
unlimited assistance in patient recruitment, Rasmus
Ostergaard Nielsen for statistical counseling and
Signe Bentsen for her effort in recruiting and con-
ducting tests of healthy individuals (both from
Department of Public Health, Section for Sports
Science, Aarhus University). The authors report no
conflicts of interest. Simon Lenbro was funded
by The Danish Head and Neck Cancer Group
(DAHANCA), The Lundbeck Foundation Centre
for Interventional Research in Radiation Oncology
(CIRRO), The Danish Council for Strategic
Research, The Danish Cancer Society, Dansk
Kreftforskningsfond, Becket Fonden, Arvid
Nilssons Fond and Andersen-Isted Fonden.

Declaration of interest: The authors report no
conflicts of interest. The authors alone are respon-
sible for the content and writing of the paper.

References

[1] Silver HJ, Dietrich MS, Murphy BA. Changes in body mass,
energy balance, physical function, and inflammatory state in
patients with locally advanced head and neck cancer treated
with concurrent chemoradiation after low-dose induction
chemotherapy. Head Neck 2007;29:893-900.

Lonbro S, Dalgas U, Primdahl H, Overgaard J, Overgaard

K. Feasibility and efficacy of progressive resistance training

and dietary supplements in radiotherapy treated head and

neck cancer patients — the DAHANCA 25A study. Acta

Oncol 2013;52:310-8.

Ottosson S, Zackrisson B, Kjellen E, Nilsson P, Laurell G.

Weight loss in patients with head and neck cancer during and

after conventional and accelerated radiotherapy. Acta Oncol

2013;52:711-8.

Langius JA, Kruizenga HM, Uitdehaag BM, Langendijk JA,

Doornaert P, Leemans CR, et al. Resting energy expenditure

in head and neck cancer patients before and during

radiotherapy. Clin Nutr 2012;31:549-54.

Oates JE, Clark JR, Read ], Reeves N, Gao K, Jackson M,

et al. Prospective evaluation of quality of life and nutrition

before and after treatment for nasopharyngeal carcinoma.

Arch Otolaryngol Head Neck Surg 2007;133:533-40.

[6] Brookes GB. Nutritional status — a prognostic indicator in
head and neck cancer. Otolaryngol Head Neck Surg
1985;93:69-74.

[7] Datema FR, Ferrier MB, Baatenburg de Jong RJ. Impact of
severe malnutrition on short-term mortality and overall

[2

—

—
0
[t

[4

—

5

—



Lean body mass and muscle function in head and neck cancer patients 1551

survival in head and neck cancer. Oral Oncol 2011:47:
910-4.

[8] Jager-Wittenaar H, Dijkstra PU, Vissink A, van der Laan BF,
van Oort RP, Roodenburg JL.. Malnutrition and quality of
life in patients treated for oral or oropharyngeal cancer. Head
Neck 2011;33:490-6.

[9] Tsai S. Importance of lean body mass in the oncologic
patient. Nutr Clin Pract 2012;27:593-8.

[10] Clark BC, Manini TM. Functional consequences of
sarcopenia and dynapenia in the elderly. Curr Opin Clin
Nutr Metab Care 2010;13:271-6.

[11] Janssen I, Heymsfield SB, Ross R. Low relative skeletal
muscle mass (sarcopenia) in older persons is associated with
functional impairment and physical disability. ] Am Geriatr
Soc 2002;50:889-96.

[12] Metter EJ, Talbot LA, Schrager M, Conwit R. Skeletal muscle
strength as a predictor of all-cause mortality in healthy men.
J Gerontol A Biol Sci Med Sci 2002;57:B359-65.

[13] Aagaard P, Suetta C, Caserotti P, Magnusson SP, Kjaer M.
Role of the nervous system in sarcopenia and muscle atrophy
with aging: Strength training as a countermeasure. Scand J
Med Sci Sports 2010;20:49-64.

[14] Jager-Wittenaar H, Dijkstra PU, Vissink A, Langendijk JA,
van der Laan BF, Pruim J, et al. Changes in nutritional status
and dietary intake during and after head and neck cancer
treatment. Head Neck 2011;33:863-70.

[15] Parsons HA, Baracos VE, Dhillon N, Hong DS, Kurzrock R.
Body composition, symptoms, and survival in advanced
cancer patients referred to a phase I service. PLoS One 2012;
7:€29330.

[16] So WK, Chan RJ, Chan DN, Hughes BG, Chair SY, Choi
KC, et al. Quality-of-life among head and neck cancer
survivors at one year after treatment — A systematic review.
Eur J Cancer 2012;48:2391-408 .

[17] Lenbro S, Dalgas U, Primdahl H, Johansen J, Nielsen JL,
Aagaard P, et al. Progressive resistance training rebuilds
lean body mass in head and neck cancer patients after
radiotherapy — results from the randomized DAHANCA 25B
trial. Radiother Oncol 2013. (in press).

[18] Saltin B, Grimby G. Physiological analysis of middle-aged
and old former athletes. Comparison with still active athletes
of the same ages. Circulation 1968;38:1104-15.

[19] Dalton SO, Johansen C. New paradigms in planning cancer
rehabilitation and survivorship. Acta Oncol 2013;52:191-4.

[20] Galvao DA, Taaffe DR, Spry N, Joseph D, Turner D, Newton
RU. Reduced muscle strength and functional performance
in men with prostate cancer undergoing androgen suppression:
A comprehensive cross-sectional investigation. Prostate
Cancer Prostatic Dis 2009;12:198-203.

[21] Erskine RM, Jones DA, Williams AG, Stewart CE, Degens
H. Resistance training increases in vivo quadriceps femoris
muscle specific tension in young men. Acta Physiol 2010;
199:83-9.

[22] Langius JA, van Dijk AM, Doornaert P, Kruizenga HM,
Langendijk JA, Leemans CR, et al. More than 10% weight
loss in head and neck cancer patients during radiotherapy is
independently associated with deterioration in quality of life.
Nutr Cancer 2013;65:76-83.

[23] Martin L, Birdsell L, Macdonald N, Reiman T, Clandinin
MT, McCargar L], et al. Cancer cachexia in the age of
obesity: Skeletal muscle depletion is a powerful prognostic
factor, independent of body mass index. ] Clin Oncol 2013;
31:1539-47.

[24] Hoeymans N, Wouters ER, Feskens EJ, van den Bos GA,
Kromhout D. Reproducibility of performance-based and
self-reported measures of functional status. ] Gerontol A
Biol Sci Med Sci 1997;52:M363-8.

[25] Lee CE, Simmonds MJ, Novy DM, Jones S. Self-reports and
clinician-measured physical function among patients with
low back pain: A comparison. Arch Phys Med Rehabil 2001;
82:227-31.

[26] Maughan RJ, Watson JS, Weir J. Strength and cross-sectional
area of human skeletal muscle. J Physiol 1983;338:37-49.

[27] Boje CR, Dalton SO, Gronborg TK, Primdahl H,
Kristensen CA, Andersen E, et al. The impact of comorbidity
on outcome in 12 623 Danish head and neck cancer patients:
A population based study from the DAHANCA database.
Acta Oncol 2013;52:285-93.



