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Abstract

Background Several experimental evidences pinpoint the possible role of Activin A (ActA) as a driver of cancer cachexia.
Supporting this hypothesis, we showed recently that human cancer cachexia is associated with high ActA levels. Moreover,
ActA levels were correlated with body weight loss and skeletal muscle density, two prognostic factors in cancer patients.
Our goal was therefore to investigate the value of ActA to predict survival in cancer patients.

Methods Patients with colorectal or lung cancer were prospectively enrolled at the time of diagnosis or relapse between
January 2012 and March 2014. At baseline, patients had clinical, nutritional, and functional assessment. Body composition
and skeletal muscle density were measured by CT scan, and plasma ActA concentrations were determined. Overall survival
(OS) was analysed since inclusion to 24 months later.

Results Survival data were available for 149 patients out of 152. Patients with high ActA (>408 pg/mL) had lower OS than
those with low levels, regardless the type of cancer (OS in colorectal cancer, 50% vs. 79%, P < 0.05; and in lung cancer,
27% vs. 67%, P = 0.001). The multivariable analysis confirmed the prognostic value of ActA independently of tumour stage
or inflammatory markers, particularly in lung cancer. Low muscularity was also an independent prognostic factor.
Conclusions Our study demonstrates that high ActA level is an independent prognosis factor of survival in cancer patients.
More than a basic marker of the severity of the neoplastic disease or of the inflammatory process, ActA seems to influence
survival by contributing to the development of cachexia and loss of skeletal muscle mass.
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Introduction

Cancer cachexia is a muscle-wasting syndrome, which affects
up to 80% of advanced cancer patients and is considered to
be responsible of 20% of all cancer deaths.” Despite intense
research, mechanisms of cachexia are still poorly
characterized, and therapeutic targets are desperately lacking.
The muscle-wasting process in cachexia is demonstrated by a
reduction of muscle size and also an increase in muscle fat
infiltration,” as assessed by the muscle density measured by
CT scan. Interestingly, low muscularity and muscle fat
infiltration are recognized as independent risk factors of poor

survival in cancer patients, regardless of body weight.>™®
Therefore, it is expected that inhibition of muscle-wasting
process may represent an effective strategy to treat cancer
cachexia. However, the nature of the key players responsible
of muscle atrophy in cancer cachexia is still elusive.

Activin A (ActA), a member of transforming growth factor-
B (TGF-B) superfamily, is a homodimer of -Activin chains and
exerts most of its biological actions by binding to the
transmembrane Activin type Il receptor B (ActRIIB), a
serine/threonine kinase receptor.” ActA is present in the
circulation either in bioactive free form or bound to
Follistatin (FS), the main regulator of its biological activity.
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Firstly identified as gonadal-derived regulator of pituitary
follicle-stimulating hormone (FSH), ActA is in fact expressed
in a wide range of tissues, and many biological activities are
assigned to it (skeletal muscle tissue regulation, gonadal
function, inflammation, carcinogenesis, etc.).’”

Recently, several evidences pinpoint the possible role of
ActA as a critical driver of muscle atrophy in cancer cachexia.
In one hand, increased local or circulating concentrations of
ActA induce skeletal muscle atrophy.®™° Indeed, the binding
of ActA to its muscle ActlIB receptor activates an atrophy gene
programme via the phosphorylation of Smad2/3. This
receptor is also shared with Myostatin, another TGF-§
superfamily member and a negative growth factor of muscle
mass. In another hand, circulating levels of ActA have been
reported to be increased in animal models of cancer
cachexia.* Finally, inhibition of ActA reverses cachexia and
increases survival in these animal models.® In humans,
circulating levels of ActA are increased in various pathologies,
such as cancer, acute respiratory distress syndrome, chronic
obstructive pulmonary inflammation, and in many conditions
associated with inflammation.*®** Recently, our team showed
in a population of cancer patients that cachexia, characterized
by decreased muscle mass and function, is associated with
increased circulating concentrations of ActA,*® suggesting this
hormone might contribute to the development of human
cancer cachexia. Moreover, circulating ActA was correlated
positively with weight loss and negatively with skeletal muscle
density (SMD) that both appear to be prognostic factors of
poor survival in cancer patients. In contrast, plasma Myostatin
was reduced in our population of cachectic patients, bringing
no evidence that circulating Myostatin plays a role in human
cancer cachexia development.

Taken together, these observations suggest that ActA may be
a key driver of cancer cachexia and in particular of the muscle-
wasting process, which is directly correlated with survival.
Therefore, given this broad spectrum of evidences, we
postulated that high levels of circulating ActA may be
associated with poor prognosis in cancer patients. A link
between high circulating ActA and low survival has been
previously highlighted in myeloma,*® pancreatic,’” and lung
cancers.'® The aim of this study was therefore to assess the
prognostic value of ActA as a marker of survival in a population
of colorectal and lung cancer patients. In addition, we
investigated whether the prognostic value of ActA is dependent
of the type or the stage of cancer and related to the skeletal
muscle parameters such as muscle mass or muscle density.

Patients and methods
Patients

Overall survival (OS) of patients, treated for colorectal or lung
cancer at the Cliniques Universitaires Saint-Luc in Brussels,

Belgium, between January 2012 and March 2014 and
enrolled in our ACTICA study,™® were analysed since the day
of the inclusion visit to 24 months later. Patients were
recruited at the diagnosis or at relapse, before any
therapeutic intervention. Progression-free survival (PFS) was
also assessed in first diagnosis colorectal cancer patients,
given the good prognostic of this cancer and therefore the
low mortality rate, during 24 months evenly. The protocol
of the study was approved by the local research Ethics
Committee of the Université Catholique de Louvain. Written
consent was given prior to entry into the study. Subjects were
at least 18 years old, had an expected survival of more than
3 months, and no previous history of other cancer in the last
5 years. Exclusion criteria were as follows: non-caucasian
subjects, obvious malabsorption, major depression, artificial
nutrition, high doses of steroids (>1 mg/kg hydrocortisone
equivalent), hyperthyroidism, other causes of malnutrition,
major walking handicap, Eastern Cooperative Oncology
Group (ECOG) performance status >4, and psychological,
familial, social, or geographic conditions that would preclude
participation in the full protocol.

Study measurements

Patient and tumour characteristics

Body weight and height were measured at the inclusion of
the study. Body weight changes during the previous 6 months
were calculated and expressed as percentage of pre-illness
body weight, which was recalled by the patient and verified
when possible from medical notes. Cachexia was defined,
according to the definition proposed by Fearon et al., as an
involuntary weight loss >5% over the past 6 months or a
weight loss >2% associated with body mass index
<20 kg/m? or low muscularity.'® Staging of cancer was based
on the TNM Classification of Malignant Tumours score and on
the 7th Edition of American Joint Committee on Cancer.®

Nutritional and functional assessment

Anorexia was evaluated by the Simplified Nutritional Appetite
Questionnaire (SNAQ) score and was defined by an SNAQ
score <14.*' The functional status was assessed by two
previously validate scales, namely, ECOG and EORTC QoL
questionnaire (QLQ-C30).%

Skeletal and fat mass measurement

Skeletal muscle and fat mass were assessed by abdomen CT
scan, performed for standard cancer care between 3 months
before and 1 month after the inclusion date and before any
therapeutic intervention. The median of the time interval
between the CT scan and the assessment was 21 (0-104)
days. A transverse CT-scan image from the third lumbar
vertebrae (L3) was analysed for each patient and tissue area
estimated, using previously described Hounsfield unit (HU)
thresholds and quantified by the sLICE-O-MATIC software,
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version 4.3 (Tomovision, Montreal, Canada). The most
common and accepted HU range for skeletal muscle tissue
is —29 to +150 HU and for adipose tissue is —190 to
—30 HU. Cross-sectional area for muscle and adipose tissues
was normalized for stature and expressed as muscle and fat
indexes (cm?/m?).%?3 All CT-scan images were analysed by a
single trained observer, who was blinded to patient’s status.
The intra-observer coefficient of variation was 2.2% for
muscle index measurements. Low muscularity is defined by
a muscle index <55 cm?/m? for men and <39 cm?/m? for
women as proposed by Fearon et al.*®

Skeletal muscle density measurement was based on the
mean muscle radiation attenuation for the entire muscle area
in HU. The generally accepted lower limit of SMD is 30 HU, a
value defined as two standard definitions below the mean
attenuation value of muscles of young healthy persons.?**

Biomarkers

Blood samples were collected from patients at the time
of recruitment, in standardized conditions. Total plasma
ActA, Myostatin, and Follistatin (FS288, FS300, and
FS315) were measured by solid-phase two-site enzyme
linked immunoassays (R&D Systems) according to the
recommendations of the manufacturer. Nutritional and
inflammatory markers [albumin, pre-albumin, and C-reactive
protein (CRP)] were determined by clinical routine methods
in our Clinical Chemistry Department.

Statistical analysis

Comparisons between groups were performed using non-
parametric Mann Whitney U-test for continuous parameters
and by XZ test for categorical variables. Data are expressed
as median (min—max).

The OS was defined by the time from inclusion until
patient death from any cause, while PFS was defined by the
time from the initiation of anti-cancer therapies until the first
observation of disease progression, both during the follow-up
of 24 months. OS and PFS were analysed using the Kaplan—
Meyer method, and survival curves were compared using
the log-rank test. We firstly analysed OS according to ActA
quartiles. Then, the outcome-oriented approach of Contal
and O’Quigley was used to determine the best ActA and Mstn
cut-offs to separate patients based on the outcome (death).?®
This method is based on the log-rank statistic and provides
P-values corrected for examining multiple potential cut-off
points. The cut-off point was determined using an SAS macro
provided by Mandrekar et al.?®

Univariable and multivariable analysis for OS were
achieved using the Cox proportional hazards model. Hazard
ratios (HR) and 95% confidence interval (Cl) were obtained.
Variables examined by univariable analysis were firstly
standard prognostic parameters such as patient age

(>65 years compared with younger), tumour nature (lung
cancer compared with colorectal cancer) and stage (stages |,
Ill, and IV compared with stage Il), ECOG scale (scores 1, 2,
and 3 compared with score 0), and high plasma lactate
deshydrogenase (LDH) levels (LDH > 250 Ul/L); secondly,
skeletal muscle parameters such as presence of cachexia,
low muscularity, and low SMD (<30 HU); and thirdly
biological parameters such as high ActA (> 408 pg/mL), low
Mstn (<1599 pg/mL), and conventional nutritional and
inflammatory markers such as low albumin levels
(<3.5 g/dL) and CRP levels. Higher bound for inclusion of
candidate variables in the multivariate model was set to
10%. Backward stepwise selection was used to select optimal
multivariate model.

Statistical significance was set at P < 0.05. Analysis was
performed using SAS software (version 9.4; SAS Institute
Inc, Cary, NC, USA).

Results
Patient and tumour characteristics

Survival data at 24 months were available for 149 patients
while three patients were lost for the follow-up. At the
inclusion, the patient median age was 67 years with a
predominance of male subjects (57%) (Table 1). A majority
of patients presented colorectal (63%) or advanced cancer
(stages Il or IV) (65%). OS at 24 months was 71%. As
expected, in deceased patients compared with alive patients,
lung cancer was more prevalent (70% vs. 24%, P < 0.0001) as
well as advanced cancer, based on stages Il (39% vs. 24%,
P = 0.0007) and IV (55% vs. 30%, P = 0.0007). At baseline,
deceased patients had a lower body mass index (24 kg/m?
vs. 25 kg/m?, P = 0.026) and had lost more body weight
(5.4% vs. 2.4%, P = 0.019) than alive patients. Moreover,
deceased patients had more severe anorexia (SNAQ score:
deceased vs. alive patients: 1457 vs. 165720, p= 0.005), more
symptoms (QLQ-C30: deceased vs. alive patients: 3327 s,
15559 P < 0.0001), a poorer quality of life (QLQ-C30:
deceased vs. alive patients: 586719 vs. 66°71%; p = 0.002)
and a lower functional capacity (QLQ-C30: deceased vs. alive
patients: 6477 vs. 82%371%, p < 0.0001 and ECOG;
P < 0.0001) than alive patients.

Low muscularity and skeletal muscle density are
associated with poor prognosis in cancer patients

In comparison with alive patients, deceased patients had a
higher prevalence of low muscularity (54% vs. 35%,
P = 0.041) and exhibited a lower SMD (26.6 HU vs. 32.4 HU,
P = 0.017) and fat index (81 cm?/m? vs. 111 cm?/m?
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Table 1 Patient and tumour baseline characteristics

Total Alive Deceased P-value (deceased vs. alive)
n 149 106 43
Age (years) 67 (25-95) 66 (25-90) 68 (40-95) 0.278
Sex ratio M/F (%) 57/43 59/41 54/45 0.576
Baseline BMI (kg/mz) 25 (16-47) 25 (16-47) 24 (16-45) 0.026
Weight loss (%) 3.6 (0.0-25.0) 2.4 (0.0-25.0) 5.4 (0.0-21.1) 0.019
Cachexia (%) 48 44 58 0.127
Tumour nature <0.0001
Colorectal (%) 63 76 30
Lung (%) 37 24 70
Type 0.300
New diagnosis (%) 82 84 77
Relapse (%) 18 16 23
Stage (n = 121) 0.0007
I/ (%) 17/18/28/37 23/23/24/30 0/6/39/55

M, male; F, female; BMI, body mass index.

P = 0.040) (Table 2). Low muscularity was associated with
shorter OS in total population (OS for patients with low
muscularity vs. normal muscularity: 60% vs. 77%, HR: 1.98,
Cl: 1.07-3.93, P < 0.05), particularly in lung cancer patients
(0S: 24% vs. 55%, HR:2.32, Cl: 1.12-5.77, P < 0.05) and
in stage IV of lung cancer (OS: 0% vs. 50%, HR:4.09, ClI:
1.49-21.80, P < 0.05), but not significantly in colorectal
cancer (81% vs. 90%, HR: 2.17, Cl: 0.70-7.10, P = 0.175)
(Figure 1). Low SMD (<30 HU) was associated with shorter
0S in the total population (OS for patients with low SMD
vs. normal SMD: 62% vs. 76%, HR: 2.01, Cl: 1.08-3.86,
P < 0.05) and in colorectal cancer (OS: 78% vs. 92%, HR:
3.18, Cl: 1.02-10.47, P < 0.5), but not in lung cancer. These
analyses were also performed excluding patients (n = 16)
with CT scan performed farthest from study inclusion date
(6 to 12 weeks before inclusion). Exclusion of these patients
did not impact our results (data not shown).

High levels of Activin A are associated with poor
prognosis in cancer patients

In our previous study, ActA levels were positively correlated
with weight loss (R = 0.323, P < 0.001) and negatively with
SMD (R = —0.225, P < 0.01) that both appear to be linked
to survival in our population.®® Consistently with this
observation, baseline circulating ActA concentrations were
higher in deceased patients compared with alive patients
(561 pg/mL vs. 414 pg/mL, P = 0.001), whereas Follistatin

Table 2 Skeletal muscle and fat mass baseline measurements

remained unchanged between the two groups (Table 3).
The Kaplan—Meyer analysis of survival by ActA quartiles
showed that higher is the level of ActA, lower is the prognosis
in total population and particularly in lung cancer (Figure 2).
There was no significant difference in survival according to
quartiles of ActA in colorectal cancer patient, probably
because of the lower number of events. There was no
difference concerning ActA levels between lung and
colorectal cancer patients [respectively, 457 pg/mL
(228-2540) and 447 pg/mL (165-17660), P = 0.475].

The most discriminating value of ActA to predict survival in
our population was 408 pg/mL. We observed that patients
with high levels of ActA (>408 pg/mL) had lower OS than
those with levels below this threshold, regardless the type
of cancer (OS in colorectal cancer: 65% vs. 85%, HR 4.43, Cl:
1.10-9.76, P < 0.05 and in lung cancer: 27% vs. 67%, HR:
4.31, Cl: 1.63-6.96, P = 0.001) (Figure 2). Moreover, in first
diagnosis colorectal cancer group, patients with high levels
of ActA had lower PFS than those with low levels (HR 4.52,
Cl: 1.72-7.85, P < 0.001) (Figure 3).

Conversely and consistent with our previous observations,
Myostatin was lower in deceased patients (1458 pg/mL vs.
1912 pg/mL, P = 0.030) compared with alive patients
(Table 3). The threshold value for Myostatin to predict
survival was 1599 pg/MIl. Low levels of Myostatin
(<1599 pg/mL) were associated with lower OS in total
population (OS: 58% vs. 79%, HR: 2.17, Cl: 1.18-3.97,
P < 0.05), but the significance of this observation was not
sustained when we analysed it for each type of cancer.

Total Alive Deceased P-value (deceased vs. alive)
n 136 97 39
Muscle index (cm%/m?) 49 (31-84) 49 (32-80) 48 (31-84) 0.249
Low muscularity (%) 40 35 54 0.041
SMD (HU) 31.5 (0.2-62.2) 32.4(0.2-62.2) 26.6 (10.9-54.8) 0.017
Fat index (cm%/m?) 102 (1-311) 111 (1-291) 81 (8-311) 0.040

SMD, skeletal muscle density in Hounsfield units (HU).
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Figure 1 Kaplan—Meier survival curves according to muscularity (above) and skeletal muscle density (SMD) (below) for total population (n = 138),

colorectal cancer (n = 87), and lung cancer (n = 51).
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Table 3 Biomarkers
Total Alive Deceased P-value (deceased vs. alive)
n 149 106 43
Activin A (pg/mL) 456 (165-17660) 414 (165-9402) 561 (282-17660) 0.001
Follistatin (pg/mL) 2167 (778-7534) 2100 (778-7534) 2399 (1175-7249) 0.064
Myostatin (pg/mL) 1802 (167-4989) 1912 (167-4989) 1458 (556-4458) 0.030
CRP (mg/dL) 0.38 (0.03-25.74) 0.23 (0.03-25.74) 1.60 (0.10-25.30) <0.0001
Albumin (g/dL) 4.4 (2.8-5.1) 4.4 (2.8-5.1) 4.1 (3.0-5.0) 0.002
Pre-albumin (mg/dL) 20.8 (2.2-49.5) 21.7 (3.5-49.5) 18.8 (2.2-35.7) 0.034
CRP, C-reactive protein.
High levels of Activin A are associated with poor 1.09-9.22, P = 0.034), but not in colorectal cancer

prognosis in cancer patients independently of
tumour stage

High levels of Activin A were associated with advanced
cancer. Indeed, levels of ActA were more elevated in patients
with metastases compared with those without [622 pg/mL
(235-17660) vs. 392 pg/mL (191-5024), P < 0.0001].
Moreover, patients with high ActA levels (>408 pg/mL) had
more frequently stage IV tumour than patients with ActA
below this cut-off (49% vs. 17%, P < 0.01).

However, the multivariable analysis showed that high ActA
was a prognostic factor of survival (HR: 4.07, Cl: 1.44-11.52,
P = 0.008) independently of tumour stage, and also
independently of other prognostic variables, such SNAQ
score, low SMD, and low Myostatin and CRP levels in total
population (Table 4). Especially, high ActA was an
independent prognostic factor in lung cancer (HR: 3.17, Cl:

(in univariable analysis HR: 4.44, Cl: 0.98-20.01, P = 0.053).
In lung cancer, high levels of ActA were associated with poor
prognosis independently of the tumour stage, as illustrated in
the sub-group of patients with advanced stage of disease
(Figure 4).

Furthermore, as ActA levels, low muscularity appeared
also as an independent poor prognostic factor (HR: 3.63, Cl:
1.58-8.30, P = 0.002). Other expected prognostic factors
were highlighted in our analyses, such as tumour nature (lung
cancer), ECOG, and low albumin levels.

Discussion

Our study links high circulating ActA levels with poor
prognosis in cancer patients independently of other
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Figure 2 Kaplan—Meier survival curves according to plasma Activin A levels [quartiles and cut-off statistically determinated (408 pg/mL)] for total

population (n = 152), colorectal cancer (n = 94), and lung cancer (n = 58).
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Figure 3 Kaplan—Meyer progression-free survival curves according to
plasma Activin A levels in first diagnosis colorectal cancer (n = 73).
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prognostic factors. Because we previously showed that
circulating ActA levels are increased in cachectic patients,
our current results support the view that ActA predicts poor
survival by contributing to cancer cachexia, in particular
muscle wasting, a well-established independent risk factor
for poor survival in cancer patients.>™

These results extend previous works that showed that high
circulating ActA is associated with poor prognosis in
myeloma,’® in advanced pancreatic cancer,”” and in lung
adenocarcinoma.® However, we are the first to use statistical
method to define the most discriminating cut-off value of
ActA to predict survival. In the previous studies, the ActA
cut-off value was defined respectively by the lowest quartile
of ActA (422 pg/mL), the mean of ActA (800 pg/mL), and
the median of ActA (value not given). Consistently with these

data, our cut-off value for ActA (408 pg/mlL) is close to the
median of ActA levels in our total population and to the
cut-off used by Terpos et al. in myeloma.*® The higher ActA
cut-off value, highlighted by Togashi et al.,*” could be
explained by the fact that their patients with unresecable
pancreatic cancer were probably more cachectic than our
patients. It would be therefore interesting to validate our
cut-off value for ActA in other types of cancer, such as
pancreatic cancer.

The prognostic value of ActA seems particularly robust in
lung cancer compared with colorectal cancer, and it remains
discriminating for prognosis even in the sub-group of patients
with advanced stages of disease (stages Il and IV). The
prognostic value of ActA seems therefore variable depending
on the nature of tumour, although the levels of ActA were
not different between the two types of cancer. However,
the absence of relevance of the ActA as a prognostic factor
in multivariable analysis in colorectal tumour could be explain
by the better prognosis of this type of cancer and the lower
number of deaths during the 24-month follow-up.
Nevertheless, high ActA levels were associated with shorter
PFS in colorectal cancer.

Several hypotheses may be proposed to explain why ActA
levels are associated with poor prognosis in cancer patients.
Firstly, the tumour expression of ActA, indirectly assessed by
circulating levels, may reflect the severity or the extent of
the cancer. The tumour expression of ActA and its role in
carcinogenesis are variable depending of the tumour type.?’
In esophageal and head and neck carcinoma, high ActA
expression seems to be linked to a more aggressive tumour.
Indeed, high expression of ActA in these tumour tissues is
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Table 4 Univariable and multivariable analysis for prognostic factors of overall survival

Univariable Multivariable
Factors Hazard ratio (95%Cl) P-value Hazard ratio (95%Cl) P-value
Age > 65 years 1.33 (0.72-2.45) 0.360
Lung cancer? 5.03 (2.61-9.67) <0.001 6.06 (2.45-15.04) <0.001
Tumour stageb
| 0.00 (0.00-NE) 0.255
1l 4.65 (1.05-20.62) 0.043
[\ 5.31(1.23-22.9) 0.025
ECOG*
1 3.39 (1.68-6.81) <0.001 1.48 (0.54-4.08) 0.450
2 8.30 (3.15-21.91) <0.001 5.87 (1.78-19.41) 0.004
3 13.12 (4.21-40.84) <0.001 3.37 (0.57-19.91) 0.180
SNAQ score 0.82 (0.74-0.91) <0.001
Cachexia 1.81 (0.88-3.74) 0.108
Low muscularity 1.96 (1.04-3.68) 0.036 3.63 (1.58-8.30) 0.002
SMD < 30 HU 2.01 (1.06-3.81) 0.032
Activin A > 408 pg/mL 4.24 (1.89-9.53) <0.001 4.07 (1.44-11.52) 0.008
Myostatin < 1599 pg/mL 2.16 (1.18-3.96) 0.013
LDH > 250 UI/L 1.15 (0.56-2.35) 0.699
CRP (mg/dL) 1.06 (1.02-1.11) 0.008
Albumin < 3.5 g/dL 4.50 (2.15-9.41) <0.001 2.93 (1.17-7.34) 0.022

“Reference was colorectal cancer.
PReference was tumour stage Il
“Reference was ECOG 0.

SMD, skeletal muscle density; LDH, lactate deshydrogenase; CRP, C-reactive protein; SNAQ, Simplified Nutritional Appetite Questionnaire.

Figure 4 Kaplan—Meyer survival curves according to plasma Activin A
levels in stages Ill and IV lung cancer (n = 33).

—4— < 408 pg/ml
== > 408 pg/ml

1004

Survival (%)
B [+2] [=-]
[=] o (=]
'l Il 'l

[
o
'l

p<0.01

o

0 100 200 300 400 500 600 700
Time (days)

correlated with tumour de-differentiation, metastasis,
survival, and recurrence.?®?° In lung adenocarcinoma, ActA
is overexpressed in tumour tissue compared with normal
lung tissue, and this overexpression of ActA is correlated
with worse prognosis in stage | disease.3* Moreover,
in vitro, ActA induces lung cancer cell lines (H460 and
SKLU1) proliferation.®® In colorectal cancer, the ActA
expression is increased in tumour tissue compared with
normal colorectal tissue or benign polyp®* and more
markedly in stage IV tumour.3? Additionally, the circulating
levels of ActA are higher in patients with colorectal cancer
compared with healthy controls and are correlated with
disease stage.>' These data pinpoint a link between ActA
and the severity and/or the stage of the neoplastic disease
in several types of cancer, suggesting a hypothesis to
explain why ActA is a factor of poor prognosis in cancer

patients. Nevertheless, we showed that in the total
population, and especially in lung cancer, high ActA predicts
poor prognosis independently of stage disease, suggesting
that ActA influences the cancer prognosis by others
mechanisms.

Secondly, circulating ActA level might be a marker of
systemic inflammation associated with cancer. Effectively,
ActA is a key player of the inflammatory process.** In vitro,
human neutrophils release stored ActA in response to TNFa.>*
In animals, ActA increases quickly in circulation in response to
acute inflammatory stimulus, such as an lipopolysaccharide
(LPS) injection.>® In humans, elevated ActA levels have been
observed in several inflammatory diseases, such as
septicemia>> or acute distress syndrome,® and are associated
with the severity of the disease and poor prognosis.
Neoplastic process is associated with systemic inflammation,
mediated by several cytokines such as IL-1f, IL-6, TNFa, and
ActA.3”2® High levels of inflammation, characterized by
elevated CRP and low albumin levels are clearly associated
with body weight loss and reduced survival in cancer
patients.?” Therefore, high levels of ActA could predict
prognosis by reflecting the severity of tumour-induced
inflammation. However, whereas rationally ActA levels are
correlated with CRP,*® the multivariable analysis does not
highlight CRP as a prognostic factor unlike ActA. The value of
ActA to predict survival seems accordingly more important
that a basic inflammatory marker. Moreover, the prognostic
value of ActA in the neoplastic disease seems more
reproducible that others cytokines such as IL-6 or TNFa, for
which the link between circulating levels and clinical outcome
is not clear.3®*° In addition, clinical trials failed to highlight
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a clear benefit of anti-IL-6 or anti-TNFa treatments on
lean muscle mass, suggesting that blunting these pro-
inflammatory cytokines is not sufficient to enhance muscle
mass in cancer patients.>® Therefore, the prognostic value
of ActA seems to go beyond its role in the inflammatory
process.

Thirdly, ActA might play a direct role in the development of
muscle atrophy, a crucial hallmark of cancer cachexia. Even in
the absence of underlying disease, ActA exerts a direct
atrophying effect on muscle in animal studies.®® Therefore,
high circulating ActA levels may contribute to the muscle-
wasting process leading to low muscularity, a well-established
prognostic factor in cancer.>™ In addition, in an animal model
of cancer cachexia, ActA inhibition reverses the cachexia
phenotype together with an increased survival, without any
effect on tumour mass.® Moreover, we highlighted previously
that cachexia is associated with high levels of ActA.'® These
data suggest that high levels of ActA may affect survival by
decreasing skeletal muscle mass or quality associated with
loss of functional capacity. Supporting this hypothesis, we
observed that both low muscularity and ActA are significantly
associated with poor prognosis in our patients, particularly
those with lung cancer. In other hand, ActA levels were
negatively correlated with SMD,® a marker of muscle quality,
which was also associated with poor prognosis in our
population. Interestingly, excepted nature tumour, all other
parameters highlighted as prognostic factors, such as low
albumin levels and decrease of functional capacity, are linked
to skeletal muscle loss. Nonetheless, we could not find any
correlation between muscle mass and ActA levels. This may
be due to several factors. Foremost, in contrast to weight
loss, skeletal muscle mass measurement is a static parameter,
which does not allow to properly appreciate muscle mass
changes over time. In addition, muscle mass is extremely
variable across the general population. Hence, a normal
muscularity at baseline does not exclude a previous loss of
muscle mass. Finally, in addition to ActA, other processes like
immobilization or anorexia could also contribute to the loss
of muscle mass.

Given that future studies will be necessary to validate the
prognostic value of ActA in cancer patients and its link with
skeletal muscle mass loss and cachexia. This hypothesis is
particularly attractive, because inhibitors of ActA are
currently under clinical investigation.

In contrast to ActA, low circulating Myostatin levels were
associated with poor prognosis in our total population. This
observation is consistent with our previous study, showing
an association between cancer cachexia and low circulating
Myostatin.>> Although Myostatin is doubtless an inhibitor
of skeletal muscle mass development, its role in muscle
atrophy remains unclear. Indeed, in contrast to early
observations highlighting a link between elevated levels of
Mstn and low muscularity situations,**™* recent studies
showed a decrease of circulating Myostatin in conditions

characterized by reduced skeletal muscle mass such as
ageing, but without correlation between Myostatin levels
and muscle mass.**® In agreement with our results,
Breitbart et al. observed in cancer patients with body weight
loss a decrease of circulating Myostatin propeptide levels,
reflecting a decrease of Myostatin production.*” The lack of
consistency between these studies might be explained by
the use of various immunoassays detecting different forms
of Myostatin and a possible cross-reactivity with other TGF-
 members. We used for this study a recently developed
commercial ELISA assays (R&D) without cross-reactivity with
others TGF-f members, such as GDF-11 and GDF-15. Other
hypotheses could nuance the interpretation of the value
and the pathophysiological role of circulating Myostatin.
We measured total Myostatin concentrations and not only
the biologically active form. Moreover, Myostatin, which is
mainly produced by skeletal muscle, has perhaps rather an
autocrine and paracrine than an endocrine action on skeletal
muscle. Therefore, the circulating concentrations of Mstn
might perhaps not reflect its amount and activity at the
muscle level.

The limitation of this study is the length of the follow-up,
particularly for the colorectal cancer. Indeed, the prognosis
of colorectal cancer (65% of surviving patients after 5 years)
is much better compared with lung cancer (18% of surviving
patients after 5 years).*® Therefore, we list sparsely death
events in the colorectal cancer group. A longer follow-up
may therefore be necessary to decipher the prognostic value
of ActA in colorectal cancer patients. But, in this population,
the PFS analysis strengthens the prognostic value of ActA.
Furthermore, although the OS analysis in the subgroups was
limited by the small number of patients in each of them,
the prognostic value of ActA remains significant, particularly
in lung cancer, suggesting the robustness of this observation.
The strength of the study is its prospective nature, which
allowed a complete and strong characterization of each
patient, with few missing data, especially concerning the
skeletal muscle parameters and biomarkers measurements.
The clinical evaluation, functional, and nutritional assessment
scales were achieved by one single experienced investigator.
Skeletal muscle parameters were analysed on CT scan by a
single trained observer, who was blinded to patient’s status
and were interpreted according to well-established
definitions. Finally, plasma samples were collected under
standardized conditions, and ActA was measured with a
robust ELISA kit (R&D Systems), for which no interference with
Follistatin has been demonstrated.™®

Our study demonstrated that high ActA levels are
associated with poor prognosis in cancer patients
independently of other prognostic factors. More than a basic
marker of the severity of the neoplastic disease or of the
inflammatory process, ActA seems to influence survival by
contributing to the development of cachexia and especially
loss of skeletal muscle mass.
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