Taylor & Francis
Taylor & Francis Group

ACTA

ONCOLOGICA Acta OnCOIOgIca

ISSN: 0284-186X (Print) 1651-226X (Online) Journal homepage: informahealthcare.com/journals/ionc20

Changes in skeletal muscle mass during palliative
chemotherapy in patients with advanced lung
cancer

Guro B. Stene, Jorunn L. Helbostad, Tore Amundsen, Sveinung Serhaug,
Harald Hjelde, Stein Kaasa & Bjern H. Grenberg

To cite this article: Guro B. Stene, Jorunn L. Helbostad, Tore Amundsen, Sveinung Sgrhaug,
Harald Hjelde, Stein Kaasa & Bjgrn H. Grenberg (2015) Changes in skeletal muscle mass during
palliative chemotherapy in patients with advanced lung cancer, Acta Oncologica, 54:3, 340-348,
DOI: 10.3109/0284186X.2014.953259

To link to this article: https://doi.org/10.3109/0284186X.2014.953259

ﬂ Published online: 16 Sep 2014.

N\
CJ/ Submit your article to this journal &

||I| Article views: 5619

A
& View related articles &'

P

@ View Crossmark data ('

CrossMark

@ Citing articles: 44 View citing articles &

Full Terms & Conditions of access and use can be found at
https://informahealthcare.com/action/journallnformation?journalCode=ionc20


https://informahealthcare.com/action/journalInformation?journalCode=ionc20
https://informahealthcare.com/journals/ionc20?src=pdf
https://informahealthcare.com/action/showCitFormats?doi=10.3109/0284186X.2014.953259
https://doi.org/10.3109/0284186X.2014.953259
https://informahealthcare.com/action/authorSubmission?journalCode=ionc20&show=instructions&src=pdf
https://informahealthcare.com/action/authorSubmission?journalCode=ionc20&show=instructions&src=pdf
https://informahealthcare.com/doi/mlt/10.3109/0284186X.2014.953259?src=pdf
https://informahealthcare.com/doi/mlt/10.3109/0284186X.2014.953259?src=pdf
http://crossmark.crossref.org/dialog/?doi=10.3109/0284186X.2014.953259&domain=pdf&date_stamp=16 Sep 2014
http://crossmark.crossref.org/dialog/?doi=10.3109/0284186X.2014.953259&domain=pdf&date_stamp=16 Sep 2014
https://informahealthcare.com/doi/citedby/10.3109/0284186X.2014.953259?src=pdf
https://informahealthcare.com/doi/citedby/10.3109/0284186X.2014.953259?src=pdf

informa

healthcare

Acta Oncologica, 20155 54: 340-348

ORIGINAL ARTICLE

Changes in skeletal muscle mass during palliative chemotherapy
in patients with advanced lung cancer
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Hospital, Trondheim University Hospital, Trondheim, Norway, >Department of Neuroscience, Faculty of Medicine,
Norwegian University of Science and Technology NTNU, Trondheim, Norway, *Department of Clinical Services,

St. Olav’s Hospital, Trondheim University Hospital, Trondheim, Norway, > Department of Thoracic Medicine,

St. Olav’s Hospital, Trondheim University Hospital, Trondheim, Norway and ®Department of Circulation and Medical
Imaging, Faculty of Medicine, Norwegian University of Science and Technology NTNU, Trondheim, Norway

Background. Sarcopenia is a defining feature of cancer cachexia associated with physical decline, poor quality of life
and poor prognosis. Thus, maintaining muscle mass is an important aim of cachexia treatment. Many patients at risk
for developing cachexia or with cachexia experience side effects of chemotherapy that might aggravate the development
of cachexia. However, achieving tumor control might reverse the catabolic processes causing cachexia. There is limited
knowledge about muscle mass changes during chemotherapy or whether changes in muscle mass are associated with
response to chemotherapy.

Patients and methods. In this pilot study, patients with advanced non-small cell lung cancer (NSCLC) receiving
three courses of palliative chemotherapy were analyzed. Muscle mass was measured as skeletal muscle cross sectional
area (SMCA) at the level of the third lumbar vertebrae using CT images taken before and after chemotherapy.
Results. In total 35 patients, 48% women, mean age 67 years (range 56—86), participated; 83% had stage IV disease
and 71% were sarcopenic at baseline. Mean reduction in SMCA from pre- to post-chemotherapy was 4.6 cm? (CI 95%
—7.3-—1.9; p<0.002), corresponding to a 1.4 kg loss of whole body muscle mass. Sixteen patients remained stable
or gained SMCA. Of these, 14 (56%) responded to chemotherapy, while two progressed (p=0.071). Maintaining or
gaining SMCA resulted in longer median overall survival (loss: 5.8 months, stable/gain: 10.7 months; p =0.073). Stage
of disease (p=0.003), treatment regimen (p=0.023), response to chemotherapy (p=0.007) and SMCA change
(p =0.040), but not sarcopenia at baseline, were significant prognostic factors in the multivariate survival analyses.
Conclusion. Almost half of the patients had stable or increased muscle mass during chemotherapy without receiving
any cachexia treatment. Nearly all of these patients responded to the chemotherapy. Increase in muscle mass, but not
sarcopenia at baseline, was a significant prognostic factor.

ABSTRACT

Cancer cachexia is a common feature of advanced
cancer, and has been estimated to be the main cause
of death in 20% of cancer patients [1]. The syndrome
is characterized by anorexia, reduced food intake,
metabolic changes, weight loss, low body mass index
and/or low skeletal muscle mass (sarcopenia) [2,3].
Recent studies show that sarcopenia is frequent in

advanced cancer, and is associated with physical
decline, reduced quality of life, increased chemo-
therapy toxicity and shorter survival time [4-8].
Muscle mass can be assessed from CT images
and has been proposed as an important entry criteria
and outcome for clinical trials of cachexia therapy
[9]. Studies using CT image analysis to measure
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muscle mass, have revealed a loss of muscle mass
during anti-cancer therapy in patients with various
advanced cancers [7,10-14], but some of them also
show that patients might gain muscle mass [7,13,14].
Catabolic processes, such as inflammation (associ-
ated with high C-reactive protein and low albumin
values [15]), abnormal metabolism and reduced
caloric intake due to the underlying malignancy are
considered to be main causes of muscle loss [14].
Thus, it has been proposed that successful treatment
of the underlying malignancy can reduce or even
reverse the catabolic effects on the muscle mass [7].

Although it has been shown that chemotherapy
might improve quality of life and survival in advanced
cancer patients [16], there is still limited knowledge
about changes in muscle mass during chemotherapy
in patients with advanced cancer, and whether
changes in muscle mass are associated with response
to the treatment.

Non-small cell lung cancer (INSCLC) is the most
common cause of cancer-related deaths. Nearly all
patients develop advanced, incurable disease for which
palliative chemotherapy is the recommended therapy.
The prevalence of sarcopenia is high (40-60%) and
higher than in most other types of cancer [4]. Thus,
in this study of patients with advanced NSCLC
receiving three cycles of platinum-based chemother-
apy, the primary aim was to explore changes in mus-
cle mass assessed by CT images taken before and
after chemotherapy in order to answer the following
research questions:

1. Does skeletal muscle mass change during pal-
liative chemotherapy?

2. Are there any associations between changes in
muscle mass and response to chemotherapy?

As a secondary aim, we explored whether change
muscle is an independent prognostic factor for
survival.

Methods

This pilot observational cohort study used data from
a randomized study comparing quality of life during
chemotherapy with two different regimens for advanced
NSCLC [17]. Main eligibility criteria were written
informed consent, age =18 years, WHO performance
status score (PS) 0-2, and stage IIIB-IV NSCLC eli-
gible for palliative chemotherapy [17]. Patients were
randomized to receive either carboplatin AUC =5
(Calvert’s formula) day 1 plus vinorelbine 25 mg/m?
day 1 & 8 or carboplatin AUC =5 (Calvert’s) day 1
plus gemcitabine 1000 mg/m? day 1 & 8 every three
weeks. Three courses were planned for all patients.
Patients who received at least one course of chemo-
therapy and had a CT scan before and after chemo-

therapy were included in the present study. The study
was approved by the Regional Committee for Medical
and Health Research Ethics in Central Norway.

Imaging and assessment of skeletal muscle mass

CT scans were taken within two weeks before che-
motherapy commenced and within three weeks after
the last course of chemotherapy was administered.
Median time between the CT scans was 88 days
(SD 22; range 43-122).

Muscle mass was measured as total SMCA using
CT-images at the third lumbar vertebra level (L3)
and expressed in cm? [18]. The Slice O’ Matic v 4.3
by Tomovision, Canada software was used for image
analysis. One image (with a maximum slice thickness
of 5 mm) was selected for each patient. During ana-
tomical land marking, the first image at L.3 with both
vertebral transverse processes clearly visible, were
used in the analysis. Radio density of the skeletal
muscle was calculated by use of Hounsfield Units,
with thresholds from —29 to + 150 [18].

Change in SMCA was dichotomized according
to change from pre-to post-chemotherapy: 1) patients
with >2% loss of SMCA; and 2) all other patients.
The cut-offs were defined according to the previ-
ously reported measurement error of 2% for CT
image analysis at the L3 vertebral level [19], equiva-
lent to a change of whole body skeletal muscle mass
of =1 kg [20]. Whole body muscle mass in kilogram
was calculated from the SMCA, as described by
Mourtzakis et al. [19]. Thresholds for classifying
sarcopenia at baseline were based on previously
reported cut-off values; SMCA normalized for stat-
ure (height, m?) =38, 5 cm?*m? for women and
=52, 4 cm?m? for men [21].

Other assessments

Stage of disease was assessed at baseline according to
the TNM v7.0 [22]. Response to chemotherapy was
assessed by comparing the post-treatment CT scans
with pre-treatment images and was classified accord-
ing to the RECIST=criteria v1.1 as complete response
(CR), partial response (PR), stable disease (SD) or
progressive disease (PD) [23]. Toxicity was classified
and graded according to the CTCAE 3.0 [24].Weight
loss (kg) the last three months before start of chemo-
therapy was assessed by patients’ self-report. Values
of C-reactive protein (CRP) and albumin were col-
lected from hospital medical records. Patients
reported health-related quality of life (HRQoL) at
pre-treatment and three weeks after the last course
of chemotherapy by the European Organization for
Research and Treatment of Cancer (EORTC)
Quality of life Questionnaires C30 and L.C 13 [25].
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Data analysis and statistical analysis

Descriptive data is presented as means and standard
deviations (SD) for continuous variables and propor-
tions and percentages for categorical variables. x2
and Fisher’s exact tests were used for group-
comparisons in categorical variables, and for the pur-
pose of statistical analysis variables were dichotomized.
Thus, patients with a CR, PR or SD were categorized
as having disease-control, and those with progressive
disease as having progression.

Survival time was defined as time from inclusion
in the study until death and was estimated using the
Kaplan-Meier method. The log-rank test was used
for uni-variate survival analysis and the Cox propor-
tional hazard method for multivariate survival analy-
sis, adjusting for established prognostic factors in
advanced NSCLC (PS, stage of disease, gender,
tumor response, patient-reported global quality of
life and appetite loss at baseline; and weight loss),
CRP- and albumin-values at baseline, sarcopenia at
baseline, body mass index and treatment [5,26].

Results

Patient characteristics

From August 2009 to May 2010, 54 patients were
enrolled in the main study. Of these, 35 patients were

eligible for inclusion in the present study. Reasons
for exclusion were discontinuation from the main
trial or death (n=10), or no CT scans at the L3
vertebral level both before and after chemotherapy
(n=09).

Patients characteristics are shown in Table I.
Median age was 66 (range 55-86) years, 18 (51%)
were men, 29 (83%) had stage IV disease,
4 (11%) had PS 0 and 29 (83%) had PS 1. Mean
body weight was 71.5 kg (SD 14.4); 2 (6%) were
underweight (BMI < 18.5 kg/m?), 17 (49%) had nor-
mal weight (BMI 18.5-24.9 kg/m?), 13 (37%) were
overweight (BMI 25.0-29.9 kg/m?), and three (9%)
were obese (BMI>30.0 kg/m?). Mean weight loss
during the three months prior to chemotherapy was
3.4 (SD 4.5) kg, 21 (60%) had<5% loss of body
weight, eight (26%) between 5% and 10%, and five
(14%) more than 10%. Twenty-six (74%) patients,
12 women and 14 men, were sarcopenic at baseline.

Changes in skeletal muscle mass

Mean SMCA reduced in the total cohort from 121.9
cm? to 117.4 cm? from pre- to post chemotherapy
(mean change 4.6 cm?,CI195% —7.3——1.9;p < 0.002)
, corresponding to a reduction of whole body muscle
mass of 1.4 kg (CI 95% 0.6-2.2) [19]. Nineteen
(54%) had a reduction in SMCA, with a mean

Non-sarcopenic patients l l

10

Sarcopenic patients l

Change in SMCA, cm?
1
=

Figure 1. Change in skeletal muscle cross sectional area in patients according to sarcopenia. Individual changes in skeletal muscle cross
sectional area (SMCA) from pre- to post-chemotherapy (Y-axis) according to sarcopenia at baseline, measured in cm?. Negative values
indicate loss in muscle mass. Thresholds for sarcopenia were based on previously reported cut-off values for the skeletal muscle index,
which were SMCA/body height 2; =38.5 cm?/m? for women and = 52.4 cm?m? for men [20]. Non-sarcopenic patients (n=9) are shown
in the bars to the left, and sarcopenic (n=26) in the bars to the right. Black bars are SMCA Loss, Dotted grey bars are SMCA Stable

and Light grey bars are SMCA Gain.
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decrease of 10.3 cm? (CI 95% —13.1-—7.4;
p<<0.001). Sixteen patients (46%) had stable or
increased SMCA, with a mean increase of 2.2 cm?
(CI 95% 0.5-3.9; p=0.016). Figure 1 shows that
amongst patients who were sarcopenic at baseline,
14/26 (54%) had stable or increased muscle mass,
whereas among non-sarcopenic patients, the corre-
sponding numbers were 2/9 (22%) (p=0.104).

Associations between response to chemotherapy,
laboratory values, changes in skeletal muscle
mass and changes in HRQoL

A total of 25 patients (71%) had disease-control fol-
lowing chemotherapy (response or stable disease),
while 10 patients (29%) progressed (Table II).
Among those with disease-control, 14/25 (56%)
maintained or gained SMCA, whereas 2/10 (20%)

Table 1. Baseline characteristics.

of those who progressed gained muscle mass
(p=0.071). Descriptive data of changes in SMCA
from pre- to post-chemotherapy depending on
response to the chemotherapy are illustrated in
Figure 2.

CRP or albumin levels at the start of chemother-
apy were not significantly associated with change in
muscle mass. Among patients with a CRP =10 ml/g,
there were 14 patients who maintained or gained
SMCA and 12 who lost SMCA (p=0.101). For
albumin, the proportions with low values (<36 m/l)
were 6/14 and 4/12 before and after chemotherapy,
respectively (p = 0.283).

Patients who maintained or gained SMCA, had
an increase in physical function, with a change in
mean scores from 65.7 (SD 22.2) to 66.2 (SD 20.2)
points; for reduced appetite loss, the mean score
changed from 19.0 (SD 25.2) to 14.3 (SD 31.3),

Age, years mean, SD

Gender
Female n, (%)
Male

Stage of cancer! n, %

II1B
v

Performance status?

0 n, %
1
2

Height, m mean, SD

Weight, kg mean, SD

BMI, kg/m>?3 mean, SD
Underweight < 18.5 n, %
Normal 18.5-24.9
Overweight 25-29.9
Obese =30

WL, 3 months pre-study (kg) mean, SD
<5% n, %
5-10%
>10%

C-reactive protein (ml/g) mean, SD
<10 n, %
=10

Albumin (m/l) mean, SD
<36 n, %
=36

Skeletal muscle cross sectional area (cm?)  mean, SD

Skeletal muscle index (cm?m?)

LBM, kg

Sarcopenic at study entry* n, %

Not-sarcopenic

All patients  SMCAG; v SMCA(
n=35 n=16 n=19
67.1 6.8 66.0 4.1 68.0 8.4
17 49 7 44 10 53
18 51 9 56 9 47
6 17 3 19 3 16

29 83 13 81 16 84
4 11 1 6 3 16
29 83 14 88 15 79
2 6 1 6 1 5
1.70  20.1 1.72 7.7 1.71 8.7
715 14.4 72.2 12.9 70.8 15.7
24.2 4.2 24.2 3.9 24.2 4.5
2 6 1 6 1 5
17 49 7 44 10 53
13 37 7 4 6 32
3 9 1 6 2 11
3.4 4.5 5.0 58 1.9 2.3
21 60 9 56 13 68
9 26 3 19 5 26
5 14 4 25 1 5
43.3 46.0 44.5 35.1 423 544
9 26 2 12 7 37
26 74 14 88 12 63
38.2 4.3 37.3 3.8 39 4.6
25 71 10 62 15 79
10 29 6 38 4 21
121.9 30.8 124.9 32.2 119.3 30.2
41.1 9.0 41.0 7.6 40.8 9.6
42.6 9.2 43.5 9.7 41.8 9.0
26 74 14 88 12 63
9 26 2 12 7 36

I'TNM-classification; *European Collaborative Oncology Group; >n = 29; *Thresholds for sarcopenia
were based on previously reported cut-off values for the skeletal muscle index, which was SMCA/body
height? =38, 5 cm?m? for women and > 52, 4 cm?/m? for men [20].
BMI, body mass index; LBM, lean body mass; SMCA, skeletal muscle cross sectional area; WL, weight

loss.
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Table II. Courses of chemotherapy, response evaluation and toxicity.

All patients SMCAG,istable SMCA
n=35 n=16 n=19
n n n
Chemotherapy regimen
Carboplatin 35 16 19
Vinorelbine 13 4 9
Gemcitabine 22 12 10
Courses of chemotherapy
1A 35 16 19
1B 30 13 17
2A 34 16 18
2B 32 14 18
3A 32 16 16
3B 30 14 16
Dose reductions
1B 5 0 5
2A 17 6 11
2B 20 9 11
3A 23 10 13
3B 24 10 14
Treatment response!
Complete or partial response 13 8 5
Stable disease 12 6 6
Progressive disease 10 8 2
Hematological grade 3—4 toxicity?
Anemia 0 0 0
Neutropenia 28 13 15
Trombocytopenia 13 5 8
Non-hematological grade 3—4 toxicity?
Neutropenic infection 3 1 2
Infection without neutropenia 3 1 2
Lung embolism 1 0 1

IRECIST version 1.1; 2 CTCAE v. 3.0.
SMCA, skeletal muscle cross sectional area.

while those with disease progression had a decline in
physical function [mean score changed from 65.3
(SD 28.8) to 61.8 (SD 27.7) and increase in appetite
loss (mean score changed from 20.0 (SD 27.6) to
22.2 (SD 32.5)].

Toxzicity

Neutropenia (n = 28) and thrombocytopenia (n = 13)
were the most common grade 3—4 toxicities (Table II).
Those who were sarcopenic at baseline did not expe-
rience more toxicity from the chemotherapy. There
were no significant differences in grade 3—4 toxicity
between patients who maintained/gained or those who
lost SMCA.

Survival

In the uni-variate analysis, stage of disease (IIIB: 18.6
months vs. IV: 7.4 months; p=0.034), treatment
response (disease-control: 10.7 months vs. progres-
sion: 4.1 months; p<<0.001) and appetite loss
(no appetite loss: 10.7 months vs. appetite loss:
6.7 months; p=0.022) were significant prognostic

factors for survival (Table III). There was a trend
towards shorter survival for patients who lost SMCA
compared to patients with stable or gained SMCA
(5.8 vs. 10.7 months, p=0.073). Sarcopenia at base-
line was not a significant prognostic factor (non-sar-
copenic: 7.9 vs. sarcopenic 7.5 months; p = 0.490).

Stage of disease (p = 0.003), treatment regimen
(p =0.023), response to treatment (p =0.007) and
stable/gain in SMCA (p = 0.040) were significant
prognostic factors in the multivariate survival
analysis.

Discussion

In this exploratory pilot study of patients with
advanced NSCLC we found a mean reduction in
muscle mass of 1.4 kg during nine weeks of first-line
platinum-doublet chemotherapy. There were large
variations in changes of SMCA corresponding to
changes in whole body muscle mass from —7.6
to + 2.6 kg. Furthermore, there was a trend towards
less loss of muscle mass among those with disease
control compared with the patients who progressed
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Figure 2. Change in skeletal muscle cross sectional area in patients
according to response to treatment. (Includes Figure A, B and C).
Individual changes in skeletal muscle cross sectional area (SMCA)
from pre- to post-chemotherapy (Y-axis) according to response to
treatment, measured in cm?. Negative values indicate loss in
muscle mass. Black bars are SMCA Loss, Dotted gray bars are
SMCA Stable and Light gray bars are SMCA Gain.

during the chemotherapy. Despite the absence of
specific cachexia therapy (e.g. nutritional support,
anti-inflammatory medication or physical exercise),
46% of patients had a stable or increased muscle
mass following chemotherapy. These patients also

had a slight improvement in self-reported physical
function and appetite, and significantly longer sur-
vival compared to other patients. The response rate
to chemotherapy was similar as in other studies of
NSCLC [27], and established prognostic factors in
advanced NSCLC (stage of disease, loss of appetite
and response to treatment) but not sarcopenia pre-
chemotherapy were significant prognostic factors for
time to death.

Maintained or gained muscle mass during cyto-
toxic chemotherapy has to our knowledge only been
demonstrated in one other study. In that study,
patients with various types of advanced cancer were
included [7]. Similar to our study, large variations in
changes of muscle mass during systemic therapy
have been found in other studies of NSCLC [10] and
advanced pancreatic cancer [11,13]. In the study by
Murphy et al, NSCLC patients lost 1.1 kg of skeletal
muscle over the duration of chemotherapy, but the
mean change in muscle mass ranged from a loss of
—6.9 kg/100 days to a gain of + 1.6 kg/100 days [10].
In both studies of advanced pancreatic cancer
patients, muscle loss was predominant, but Tan et al.
showed that 14% of the patients had a mean muscle
gain of 7.9 *14.4%/100 days [13], and in the study
by Dalal et al., 34% of the patients gained muscle
mass [11].

None of these studies did however investigate
whether changes in muscle mass were associated
with response to the systemic therapy. Nevertheless,
a link between gain in muscle mass and stable disease
has been proposed by Prado et al. [7]. They found
that 15% of patient with advanced cancer gained
muscle mass and nearly 50% remained stable over
the clinical course of cancer disease. Patients with
large gains in muscle mass had better response to
treatment, ate well and had good symptom control,
whereas those who lost muscle mass, had progressive
disease and a short survival [7]. In our study, we
found that almost all of those who maintained or
increased muscle mass had stable disease or responded
to the chemotherapy. Thus, it appears that the che-
motherapy might suppress the catabolic processes
driving muscle breakdown in those who respond to
the treatment — since no specific interventions aiming
at preventing or reversing cachexia was administered
(e.g. anti-inflammatory medication, nutritional sup-
port or physical exercise). It is noteworthy that our
patients received a relatively short chemotherapy
regimen.

It should be acknowledged that there are mul-
tiple causes of muscle loss in advanced cancer. In
addition to the catabolic effects on the muscle
caused by the underlying malignancy and cachexia,
advanced cancer patients often have a reduced
caloric intake and are physically inactive, which
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Table III. Uni- and multivariate survival analysis.

Uni-variate analysis

Multivariate analysis

Median
n events  survival
n (deaths) (months) HR 95% CI p-value HR 95% CI p-value
Gender
Men? 18 13 7.9 1.4 0.6-2.9 0.422 1.0 0.4-2.3  0.909
Women 17 15 7.2
Performance status!
02 4 3 8.5 1.8 0.5-6.3 0.347 2.5 0.3-19.5 0.398
1 31 25 7.5
Stage of cancer?
I11B? 6 3 18.6 3.5 1.0-11.9 0.045 11.1 2.3-54.0 0.003
v 29 25 7.4
Treatment regime
Gemcitabine? 22 17 9.2 1.6 0.8-3.5 0.203 4.2 1.2-14.4 0.023
Vinorelbin 13 11 7.0
Treatment response’
Disease control® 25 18 10.7 5.3 2.2-12.8 <0.001 4.8 1.6-15.0 0.007
Progression 10 10 4.1
BMI
=25 kg/m? 16 11 7.4 0.6 0.3-1.6 0.196 0.8 0.7-2.6 0.721
<25 kg/m? 19 17 8.5
WL 3 months pre-study
<5%* 21 16 7.5 0.7 0.4-1.7 0.534 0.4 0.2-1.1 0.084
=5% 14 12 7.9
C-reactive protein
<10 ml/g? 9 7 7.0 09 04-23 0.905 0.8 0.2-3.1 0.761
=10 ml/g 26 21 7.9
Albumin
<36 m/I? 25 19 8.5 1.5 0.7-3.4 0.299 3.5 0.9-13.1 0.069
=36 m/l 10 9 7.2
Baseline sarcopenia*
No#? 9 6 7.9 1.4 0.6-3.4 0.492 2.1 0.5-9.2  0.330
Yes 26 22 7.5
SMCA change®
Stable or gain? 16 12 10.7 2.0 0.9-4.2 0.078 3.6 1.1-12.5 0.040
Loss 19 16 5.8
Global QoL®
High QoL (score 15 12 9.2 1.2 0.6-2.6 0.594 0.8 0.3-2.3 0.687
=65)2
Low QoL 20 16 6.7
(score < 65)
Appetite loss®
No (score 0)? 20 14 10.7 24 1.1-5.1 0.025 25 0.8-7.7 0.115
Yes (score 1-3) 15 14 6.2

aReference category. 'European Collaborative Oncology Group; 2TNM-classification; >RECIST version 1.1;
4Thresholds for sarcopenia were based on previously reported cut-off points for the skeletal muscle index,
which was SMCA/body height? =38, 5 cm?/m? for women and =52, 4 cm?/m? for men; °Change in SMCA
from pre- to post chemotherapy; Items extracted from the European Organization for Research and
Treatment of Cancer Core Quality of Life Questionnaire (EORTC QLQ C30).

BMI, body mass index; QoL, quality of life; SMCA, skeletal muscle cross sectional area; WL, weight loss.

adds to the muscle loss. In addition, nausea, vomit-
ing and loss of appetite are well-known side effects
of chemotherapy that might negatively influence
energy intake and activity levels and thus contribute
to aggravate loss of muscle mass. These side effects
are frequently reported among patients receiving the
regimens administered in our study. There were no
differences in grade 3—4 toxicity between those with

stable/increased or those who lost muscle mass
among our patients.

We are aware of three other studies in patients
with advanced pancreatic cancer investigating whether
change in muscle mass during the course of cancer
treatment as a prognostic factor for survival [11-13].
Unlike our study, neither of these studies demon-
strated a statistically significant difference in survival
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related to change in muscle mass, possibly due to
small sample sizes. Another likely explanation could
be that methods for assessing muscle mass in these
studies were different from the methods we used. We
used previously reported cut-off values in the assess-
ment of sarcopenia and for calculating longitudinal
changes in muscle mass during chemotherapy. Still,
the diversity of methods makes comparison between
studies challenging and future studies should there-
fore address cut-offs for this outcome.

Our finding, that sarcopenia at baseline was not
a significant prognostic factor for survival is not in
line with previous studies conducted in larger cohorts
of advanced cancer patients. The short expected sur-
vival of patients with advanced NSCLC and the high
proportion of sarcopenic patients in our study
(>70%) are possible explanations. An association
between sarcopenia and chemotherapy toxicity has
been observed previously [8]; the finding were how-
ever not replicated in our study cohort.

The main limitation of our study was the small
sample size, limiting the power of the survival analy-
ses. However, the sample is, in our opinion, large
enough to demonstrate that more knowledge is needed
before the role of assessing muscle mass in advanced
cancer patients can be established — as a prognostic
factor as well as in research on classification and treat-
ment of cachexia. Another limitation is the use of cut-
off levels for the definition of sarcopenia — there might
be differences in body composition between coun-
tries. In case, this might influence the survival analy-
ses, but not the analyses of changes in muscle mass.

Conclusion and suggestions for future
research

In this exploratory study of patients with advanced
NSCLC, we found large individual variations in
changes in muscle mass during palliative chemother-
apy. We observed that many patients had an increase
in muscle mass without receiving any additional
cachexia therapy and that many of these patients were
sarcopenic before starting chemotherapy. There was
also a trend towards more gain in muscle mass among
patients who had disease control following chemo-
therapy, suggesting that response to cancer treatment
is essential for controlling or reversing cancer cachexia.
The finding that change in SMCA was a significant
prognostic factor for survival, suggest that response
to cancer therapy and changes in SMCA, and not
only muscle mass measured before starting chemo-
therapy, should be assessed in future studies on prog-
nosis of cancer cachexia. Furthermore, use of SMCA
as an endpoint in studies of cancer cachexia should
be used with caution and need careful consideration

until more is known about changes in muscle mass
in patients undergoing anti-cancer therapy.

Key message

Sarcopenia or loss of skeletal muscle mass has
recently been proposed as a key clinical feature of
cachexia. Assessment of skeletal muscle mass on CT
images might be used to classify cachexia and to
evaluate the effect of interventions aiming at control-
ling or reversing cachexia. However, little is known
about the nature and magnitude of changes in mus-
cle mass in cancer patient during the course of their
disease — or during cancer therapy. In our pilot study
of patients with advanced non-small cell lung cancer,
nearly 50% of the patients had stable or increased
muscle mass during chemotherapy without receiving
any cachexia treatment. Almost all of these patients
responded to the chemotherapy — suggesting that
tumour control is essential for successfully treating
cachexia. Furthermore, change in muscle mass dur-
ing treatment and not sarcopenia presenting at base-
line, was a significant prognostic factor for survival.
More studies about longitudinal changes in skeletal
muscle mass in cancer patients — and the correlation
with response to cancer therapy — are needed before
the role of sarcopenia in advanced cancer and the
value in cachexia research can be established.
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