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 27 

Microabstract 28 

Activin A has previously been associated with cancer cachexia and in vitro resistance to platinum 29 

based chemotherapy. We studied circulating activin A concentrations as well as activin B and their 30 

antagonists’ follistatin/FSLT3 in presurgical NSCLC and MPM patients. We found that circulating 31 

activing A levels were elevated in MPM and associates with cancer cachexia and poor response to 32 

platinum-based chemotherapy. Circulating activing A separated well NSCLC from benign lung 33 

lesion. 34 
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 48 

Abstract 49 

Backround: Previous preclinical studies have shown that activin A is overexpressed in malignant 50 

pleural mesothelioma (MPM), associates with cancer cachexia, and is observed in vitro resistance 51 

to platinum-based chemotherapy. We evaluated circulating activin levels and their endogenous 52 

antagonists’ follistatin/FSTL3 in intrathoracic tumors. 53 

Materials and Methods: Patients suspected of thoracic malignancy were recruited prior to 54 

surgery. Serum samples were collected from 21 MPM, 59 non-small-cell lung cancer (NSCLC), 22 55 

benign lung lesion patients. Circulating activin/follistatin levels were measured using ELISA and 56 

compared to clinicopathological parameters.  57 

Results: Circulating activin A levels were elevated in MPM patients when compared with NSCLC 58 

or benign lung lesion samples (P < 0.0001). Also, follistatin and FSTL3 levels were the highest in 59 

MPM, although with less difference compared to activin A. Receiver operating characteristic 60 

analysis for activin A for separating NSCLC from benign lung lesion showed an AUC of 0.856 (95% 61 

confidence interval 0.77 – 0.94). Activin A levels were higher in patients with cachexia (P < 0.001). 62 

In MPM patients, activin A levels correlated positively with CT-based baseline tumor size (R = 63 

0.549; P = 0.010) and the change in tumor size after chemotherapy (R = 0.743; P = 0.0006). 64 

Patients with partial response or stable disease had lower circulating activin A levels than the ones 65 

with progressive disease (P = 0.028). 66 

Conclusion: Activin A serum level could be used as a biomarker in differentiating malignant and 67 

benign lung tumors. Circulating activin A levels were elevated in MPM and associates with cancer 68 

cachexia and reduced chemotherapy response.  69 

 70 

Keywords: Mesothelioma; NSCLC; Biomarker; Activin A; Cancer cachexia; Chemotherapy 71 

response 72 
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Abbreviations: ActRII, activin type II transmembrane serine/threonine kinase receptors; BMI, body 74 

mass index; CCI, charlson comorbidity index; ECOG, Eastern Cooperative Oncology Group; FS, 75 

follistatin; FSTL3, follistatin-like 3; MPM, malignant pleural mesothelioma; NSCLC, non-small cell 76 

carcinoma; SMI, skeletal muscle index; TS, tumor size;77 
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Introduction 78 

Malignant pleural mesothelioma (MPM) is a primary tumor of the pleura with an estimated median 79 

survival of 8 to 14 months.1 The diagnosis of MPM can be challenging and it is usually diagnosed 80 

in advanced stage.2 Many non-invasive biomarkers have been evaluated for diagnosis and 81 

prognosis but none have been adopted into clinical diagnostic use or treatment response 82 

monitoring.1,3 Therefore, novel biomarkers that could aid the diagnosis or estimate prognosis would 83 

be highly beneficial. 84 

 85 

Activins belong to the transforming growth factor-β (TGF-β) superfamily and control cell 86 

proliferation and differentiation, embryogenesis, immune responses, wound repair, and various 87 

endocrine activities.4 Like certain other TGF-β family proteins, activins signal through one of two 88 

activin type II transmembrane serine/threonine kinase receptors (ActRIIA or ActRIIB).5 Activin 89 

signaling is regulated by numerous intra- and extracellular mechanisms, including follistatin (FS) 90 

and follistatin-like 3 (FSTL3; formerly known as FSRP or FLRG) that bind and neutralize activins.6  91 

Activin signaling has multiple roles in carcinogenesis. In vitro studies have demonstrated its 92 

antiproliferative effect on breast, prostate, and liver cancer cells.7,8 In turn, activin A was 93 

overexpressed in lung adenocarcinoma cells, and circulating activin A correlated with advanced 94 

stage and poor survival in lung adenocarcinoma patients.9,10 Similarly, activin A and B are 95 

expressed in mesothelioma tumor tissue and cells, and this overexpression is associated with a 96 

more aggressive behavior.11,12 Previous study found that elevated circulating activin A levels are 97 

higher in MPM patients than in healthy controls and associates to a poor prognosis in the 98 

epithelioid form.13 Also, most mesothelioma cell lines express high FSTL3 levels in contrast to low 99 

FS levels.11 Furthermore, the activin pathway is related to cancer cachexia, cancer-related bone 100 

loss, and resistance to platinum-based chemotherapy.14–16   101 

In this study, we investigated circulating activin A and B, FS, and FSTL3 in thoracic malignancy 102 

with a focus on MPM. Our aim was to find out whether any of these known regulators of cancer cell 103 
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growth could be used to estimate tumor type and to confirm previously reported associations. A 104 

prospective setting using biobank samples and a well-characterized patient population was 105 

chosen.  106 

Materials and methods 107 

Study design and population 108 

Patients were prospectively recruited from June 2016 to January 2018 in the Helsinki University 109 

Hospital region. The recruited patients provided a written Biobank consent and the study was 110 

approved by the Scientific Steering Committee of the Helsinki Biobank. Research permission was 111 

granted by the Institutional Review Board of the Helsinki University Hospital.  A statement has 112 

been received from the Helsinki University Hospital ethical board.  The study was conducted in 113 

accordance with the Declaration of Helsinki  114 

The inclusion criterion to the study was, that a serum sample was collected prior to a diagnostic or 115 

therapeutic surgical procedure.  All patients with a suspected intrathoracic tumor were evaluated 116 

for the study. The initial screening resulted in 149 patients. Forty-three (29%) patients were 117 

excluded from the study: Twenty-five (17%) postoperative blood sample, three (2%) non-thoracic 118 

metastases (1 melanoma, 1 colorectal, 1 gingival), and 15 (10%) uncertain diagnosis. 119 

Patient information was collected from the hospital electronic medical records (EMR). The 120 

recorded baseline characteristics included the date and site of the diagnosis, age, gender, smoking 121 

history, performance status defined by the Eastern Cooperative Oncology Group (ECOG), and 122 

Charlson comorbidity index (CCI). C-reactive protein (CRP) with a cut-off of 3 mg/l and hemoglobin 123 

(Hb) levels were measured at the time of the biomarker collection as part of the routine 124 

preoperative workup. Body mass index (BMI) and body weight changes during the previous 6 125 

months were obtained from EMR. Cancer cachexia was defined according to a previously 126 

published international consensus report: ≥5% weight loss over the past 6 months, BMI <20 kg/m2 127 

and weight loss >2% or skeletal muscle index (SMI) consistent with sarcopenia and weight loss 128 

>2%.17 SMI in MPM was evaluated from pretreatment computerized tomography (CT) images by 129 
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one of the authors (T.J.) according to a previously published method.18 Namely, the cross-sectional 130 

area of the psoas, quadratus lumborum, paraspinal, transverse abdominal, external oblique, 131 

internal oblique, and rectus abdominis muscles at the level of L3 vertebra were identified and 132 

quantified with Osirix© version 33 (32-bit Pixmeo, Sarl, Switzerland). The individual SMI was 133 

calculated correcting the skeletal muscle area for height (m²) and patients were dichotomized into 134 

either sarcopenic or non-sarcopenic (cut-off 55 cm²/m² for men and 39 cm²/m² for women) as 135 

previously described.17 136 

The diagnosis was based on histopathological findings and if needed, evaluated in a 137 

multidisciplinary team. All non-small cell carcinoma (NSCLC) and MPM patients were staged 138 

according to the TNM 8th edition AJCC/UICC staging system.19 The diagnostic and post-139 

chemotherapy CT images for MPM were re-evaluated by a thoracic radiologist (H.L.) The tumor 140 

size (TS) was approximated using our previously published method, where the maximal tumor 141 

thickness on axial images is multiplied by the tumor extent.20 The radiological response to 142 

chemotherapy was evaluated using change in TS.  143 

Serum biomarkers  144 

Blood samples were obtained at the diagnosis prior to any interventions or treatments. Serum was 145 

stored after centrifugation at -80˚C until utilization. Duplicate biomarker levels were measured 146 

blinded to clinical data using enzyme-linked immunosorbent assay (ELISA) immunoassays 147 

(AnshLabs LLC, Webster, TX, USA) according to the manufacturer’s guidelines. The 148 

immunoassays used in this study measures the total levels of the biomarkers in question with no 149 

significant in vitro cross-reactions with other related molecules.  150 

Statistical analyses 151 

Categorical variables are expressed by percentages and were compared using a chi-square test. 152 

Continuous data are presented as median and interquartile range (IQR). Statistical differences 153 

between the groups or subgroups were tested by nonparametric Mann-Whitney U-test or Kruskal-154 

Wallis test as appropriate. If multiple comparisons were made, the p-values were adjusted by the 155 
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Bonferroni correction for multiple tests. The Spearman correlation coefficient was calculated to 156 

assess the relationship of biomarkers and clinicopathological factors. Multivariate logistic or linear 157 

regression analysis was used to determine independent influence of activin A on cachexia or 158 

chemotherapy response. Receiver operating characteristics (ROC) curve analysis was used to 159 

assess the accuracy of biomarkers to diagnose lung cancer. The Youden index was calculated to 160 

determine the optimal cut-off values. Statistical analyses were performed using SPSS version 25.0 161 

(IBM SPSS Statistics, Chigaco, IL). A P-value < 0.05 was considered significant. 162 

Results 163 

Baseline characteristics  164 

A total of 106 patients were included in the study. The largest disease groups were NSCLC, benign 165 

lung lesion, and MPM (Table 1). There were also 4 (3%) patients with non-specific benign pleuritis. 166 

The majority of NSCLC patients had stage I disease (n = 31, 53%), while stage III disease (n = 14, 167 

68%) was the most prevalent group in MPM. 168 

Circulating biomarker levels in thoracic tumors – levels of activin A are elevated in MPM and 169 

benign pleuritis 170 

MPM patients showed overall the highest levels of all the measured biomarkers when compared to 171 

either NSCLC or benign lung lesion (Figure 1). The ratio of activins and FS/FSTL3 was higher in 172 

MPM than benign controls (P = 0.012), but no differences were found between MPM and NSCLC 173 

(P = 0.325) or NSCLC and controls (P = 0.179). All biomarker levels were also increased in benign 174 

pleuritis (n = 4) [Supplementary Table 1]. Circulating activin A levels were observed to differentiate 175 

the main groups. ROC curve analysis was used to assess the diagnostic accuracy of circulating 176 

biomarkers to discriminate NSCLC patients from patients with a benign lung lesion. Activin A had 177 

an area under the curve (AUC) of 0.856 (95% confidence interval [CI] 0.77 – 0.94; P < 0.001). With 178 

a cut-off level of 0.488 ng/ml, the sensitivity was 76% and specificity 73% (Figure 2). FSTL3 also 179 

performed well with an AUC of 0.808 (95% CI 0.69 – 0.92; P < 0.001), while activin B and FS were 180 

not useful. 181 
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We found no differences between activin A levels for squamous cell carcinoma (median 0.736 182 

ng/ml, IQR 0.648 – 0.818 ng/ml) and adenocarcinoma patients (median 0.636 ng/ml, IQR 0.472 – 183 

0.872 ng/ml) (P = 0.376). Activin A levels were also similar in MPM histological subgroups (P = 184 

0.152)   185 

Circulating activin A levels correlate with cachexia, inflammation, and age 186 

MPM patients (n = 12, 57%) were more cachectic than NSCLC patients (n = 7, 12%) (P < 0.001). 187 

Activin A levels were higher in patients with cachexia (median 1.179 ng/ml versus 0.634 ng/ml; P < 188 

0.001). Circulating activin A levels correlated positively with cachexia, age and CRP (Table 2). 189 

Similarly, cachexia also correlated weakly with CRP (R = 0.375; P < 0.001) but not with activin B, 190 

FS, or FSTL3 in these patients. The association with cachexia remained significant for activin A 191 

after adjusting for age, gender, and CRP (P = 0.047). 192 

Ancillary exploratory analysis for activin A in MPM – an association with tumor size and response 193 

to chemotherapy 194 

After observing that circulating activin A levels were highest in MPM, we investigated the relevance 195 

of this finding to clinically meaningful parameters in mesothelioma. Seven (33%) MPM patients had 196 

palliative surgery and 12 (57%) received chemotherapy for first-line treatment. All patients had 197 

diagnostic CT scans available for radiological re-evaluation. There was a positive correlation 198 

between circulating activin A levels and pre-treatment tumor size (R = 0.549; P = 0.010) but no 199 

relation with clinical TNM stage (R = 0.141; P = 0.542). Thirteen (62%) of the MPM patients were 200 

evaluated as sarcopenic according to SMI. We found no correlation with SMI and activin A levels 201 

(R = -0.261; P = 0.266).  202 

Since activin A is linked to in vitro platinum-based chemotherapy resistance in lung 203 

adenocarcinoma16, we tested this association with chemotherapy action in MPM in our clinical 204 

setting. To approximate tumor response for platinum-based chemotherapy, 12 post-chemotherapy 205 

CT scans were analyzed. We found a strong correlation with circulating activin A levels and the 206 

change in TS between the pre- and post-chemotherapy CT scans (R = 0.743; P = 0.0006) [Figure 207 
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3A]. This correlation remained significant after adjusting for tumor size, CRP, gender, and age (P = 208 

0.008). Patients with partial response or stable TS had lower circulating activin A levels than the 209 

ones with progressive disease (median 1.206 ng/ml versus 3.086 ng/ml; P = 0.028, Mann-Whitney 210 

U-test) [Figure 3B]. Other biomarkers showed no association with TS or response to 211 

chemotherapy.  212 

Discussion 213 

In this study, we evaluated circulating activin A and B levels and their biological antagonists FS 214 

and FSTL3 in the clinical setting of intrathoracic tumors. Consistent with previous preclinical 215 

studies and a clinical trial on MPM patients, we found that circulating levels of activin A were higher 216 

in MPM than NSCLC or benign controls.11,13 Although FS and FSTL3 levels were also elevated in 217 

MPM and to a lesser extent in NSCLC, activin A was the most promising circulating biomarker. In 218 

contrast with previous findings, we did not observe any differences in activin A levels within 219 

histological subgroups of MPM or NSCLC. This may be explained by the small amount of non-220 

epithelioid mesotheliomas in our study.  221 

While FS is linked to a variety of solid tumors (including lung cancer), the role of FSTL3 has been 222 

established mainly in breast cancer.21,22 In addition to being increased in MPM, we found that 223 

FSTL3 could also differentiate benign and malignant lung tumors. However, in contrast to previous 224 

reports, the difference between NSCLC and benign tumors was modest and insignificant for FS.23 225 

Since FS and FSTL3 are antagonists of activins, we looked at their ratio as an independent 226 

marker. We found no relevant addition to single markers; even if the ratio was higher in MPM 227 

compared to benign controls, there were no other associations that could have a clinical benefit 228 

over activin A. 229 

Consistent with a previous study on activin A, we found that benign pleuritis increased markedly all 230 

measured biomarkers.13 The reason for this is unknown but we assume that normal mesothelial 231 

cells may produce small amounts of activins that are increased by inflammation. Indeed, the 232 

association of activin A and inflammatory responses is well characterized in previous preclinical 233 
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studies, and circulating levels of activin A are elevated in patients with septicemia and other 234 

inflammatory diseases.24,25 In addition to inflammation, circulating activin A levels have been found 235 

to increase with age, chronic renal failure, cardiovascular disorders, hyperthyroidism, liver 236 

cirrhosis, and pregnancy.26,27 Thus, even if activin A has relatively good diagnostic accuracy for 237 

differentiating malignant and benign lung tumors, we believe that these numerous confounding 238 

factors would reduce its utility in diagnostic settings. 239 

Cancer cachexia is characterized as a multifactorial syndrome with loss of muscle mass with or 240 

without loss of fat mass.17 It has been recognized as a frequent and independent factor of poor 241 

prognosis in various cancer types. The negative effect of cachexia on thoracic cancers is well 242 

established, but little is known of its prevalence in MPM.15,28 Here, we report that cachexia was 243 

more prevalent in MPM than NSCLC, which may be explained in part by the different disease 244 

stage in NSCLC patients in our cohort. Although the pathophysiology of cancer cachexia is 245 

complex, multiple preclinical studies have suggested that activins along with myostatin regulate 246 

negatively muscle growth via ActRII.14,29 In addition, in clinical trials with colorectal and lung cancer 247 

patients, high circulating activin A levels associated with cancer cachexia and had an independent 248 

negative prognostic impact.15,30 Here, we also observed that activin A levels were higher in patients 249 

with cachexia regardless of the underlying diagnosis. In turn, sarcopenia or SMI calculated from 250 

CT scans, did not correlate with activin A levels. The reason for this could be explained by different 251 

hormonal mechanisms between these overlapping conditions.31   252 

One possible link between activin A and cachexia is systemic inflammation. Many inflammatory 253 

markers are established as key components of cancer cachexia, although cachexia can be present 254 

in the absence of systemic inflammation.32 Animal models in cancer cachexia suggest that blocking 255 

the activin pathway can reverse muscle loss without affecting inflammatory cytokines.14 In addition, 256 

clinical studies have shown that blocking ActRII increased muscle mass, whereas the results for 257 

anti-inflammatory therapy (TNF-α or IL-6) has been variable in cancer cachexia.33–36 We found a 258 

correlation with activin A and CRP but after adjustments only activin A proved to be an 259 
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independent marker for cachexia. This suggests that even if activin signaling is partly controlled by 260 

inflammation, the activin pathway is a dominant regulator in muscle mass changes.  261 

Due to the unique rind-like growth pattern of mesothelioma, radiological evaluation is problematic. 262 

The current standard method for response assessment is the modified RECIST criteria, where 263 

tumor thickness perpendicular to the chest wall at three separate levels is measured.37 However, 264 

this method has been criticized for interobserver variability. Other approaches, such as volumetric 265 

tumor evaluation, have been proposed.38,39 In our previous study, we showed that a novel TS 266 

evaluation had independent prognostic impact with excellent intraclass correlation.20 In this study, 267 

we used the same approach to assess MPM and found that activin A correlated with TS but not 268 

with TNM stage at baseline.  269 

Despite recent improvements, platinum-antifolate combination chemotherapy remains as the 270 

current standard first-line treatment in MPM.40 Chemotherapy has only a limited effect on disease 271 

progression at a reported response rate of 40%.41 Therefore, new strategies to increase tumor 272 

response to chemotherapy are needed in MPM. Numerous mechanisms that explain platinum 273 

resistance in various solid tumors have been identified.42 Using whole-genome screening, a recent 274 

preclinical publication of lung adenocarcinoma cells revealed that activin A signaling was one of 275 

the key mediators for platinum resistance, and that inhibition of the signaling could reverse that 276 

resistance in vitro.16 In a clinical setting, we showed a similar association with high circulating 277 

activin A levels to reduced response to chemotherapy in MPM.  278 

There are several limitations to our study. Although patients were prospectively collected, their 279 

clinical data was collected retrospectively which may have increased bias. Since the patients were 280 

identified from thoracic surgery lists, the proportion of benign pleuritis and metastatic NSCLC 281 

patients was small, which prevents us from reliably studying biomarker diagnostic accuracy in 282 

MPM. Nonetheless, this cohort represents a real-world population. Also, this study was not 283 

powered to assess the prognostic implications of the biomarkers in MPM. 284 

Conclusions 285 
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In conclusion, we observed that circulating activin A is elevated in MPM patients and to a lesser 286 

extent in NSCLC than in benign lung lesions. Activin A could be used as a biomarker in 287 

differentiating malignant and benign lung tumors, although numerous confounding factors do exist. 288 

Activin A was associated with cancer cachexia and reduced chemotherapy response in MPM 289 

patients. These results should be tested in a clinical trial to see if activin pathway inhibition could 290 

benefit thoracic cancer patients.  291 

Clinical Practice Points 292 

• Previous studies have shown that activin A is associated with cancer cachexia. We could 293 

confirm that association with NSCLC and MPM patients. Over half of the MPM patients 294 

were characterized as cachectic, which might be driven by high levels of activin A.   295 

• Two thirds of the MPM patients were sarcopenic. There were no associations between CT-296 

based skeletal muscle mass or circulating biomarkers. 297 

• Activin A has been linked to in vitro platinum resistance in adenocarcinoma cells.  We found 298 

that high activin A levels were related poor response to platinum-based chemotherapy in 299 

MPM patients.  300 

• These findings should be further tested to confirm in larger patient population. Activin 301 

overexpression could be potentially reversed by blocking ActRII to overcome cancer 302 

cachexia and platinum-resistance. 303 

 304 
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 430 

Figure Legends 431 

Figure 1. Boxplot showing circulating A) activin A, B) activin B, C) Follistatin, and D) Follistatin-like 432 

3 (FSTL-3) levels (ng/ml) in malignant pleural mesothelioma (MPM, n = 21), non-small cell lung 433 

cancer (NSCLC, n = 59) and benign lung lesion (n = 22) patients. P-values are adjusted with 434 

Bonferroni correction for multiple tests. 435 

Figure 2. Receiver operating characteristics (ROC) curve for circulating activin A to discriminate 436 

NSCLC patients (n = 59) from benign lung lesions (n = 22). The area under the curve (AUC) was 437 

0.856 (95 percent confidence interval 0.77 – 0.94). 438 

Figure 3A. The tumor size was evaluated at baseline and after first-line platinum-based 439 

chemotherapy in twelve MPM patients. The change in tumor size estimation correlated with 440 

circulating activin A levels (Spearman r = 0.743; p = 0.006).  441 

Figure 3B. Individual percentage changes in tumor size from baseline to first response evaluation 442 

in MPM (n = 12). Patients are stratified by median circulating activing A levels (ActA; low < 1.2 443 

ng/ml, high > 1.2 ng/ml). Patients with partial response or stable tumor size had lower circulating 444 

activing A levels than the ones with progressive disease (P = 0.028, Mann-Whitney U-test). 445 

Horizontal dashed line at -30% shows a cutoff for partial response and horizontal dashed line at 446 

20% for progressive disease.  447 

 448 

 449 



   Table 1. Baseline characteristics (n = 102) 

 
 NSCLC  Mesothelioma Benign lung lesion  p-value 

Number of cases 59 (58%) 21 (21%) 22 (21%)  

Age, years, median (range) 69.0 (41–81) 71.0 (63–77) 57 (24–79) <0.05 

Gender, male, n (%) 36 (61%) 20 (95%) 7 (32%) <0.05 
ECOG, n (%) 
   0  
   1 

 
40 (68%) 
19 (32%) 

 
13 (62%) 
8 (38%) 

 
17 (77%) 
5 (23%) 
 

0.542 

CCI, mean (SD) 1.4 (±1.1) 0.8 (±1.2) 0.6 (±0.8) 0.002 
BMI, kg/m2, mean (SD) 27.2 (±4.4) 26.5 (±4.1) 27.0 (±6.4) 0.739 
Smoking status 
  former/current 
  never 
Pack-years, median (range) 

 
49 (83%) 
10 (17%) 
30 (0–70) 

 
10 (48%) 
11 (52%) 
0 (0–50) 

 
14 (64%) 
8 (36%) 
10 (0–43) 

0.011 
 
 
0.003 

Stage 
  I 
  II 
  III 
  IV 

 
31 (53%) 
11 (19%) 
15 (25%) 
2 (3%) 

 
3 (14%) 
2 (10%) 
14 (66%) 
2 (10%) 

  

Histological subtype, n (%) 
   Adenocarcinoma 
   Squamous cell carcinoma 
   Epithelioid MPM 
   Biphasic MPM 
   Sarcomatoid MPM 
   Hamartoma 
   Unspecified/miscellaneous 

 
46 (78%) 
12 (20%) 
 
 
 
 
1 (2%) 

 
 
 
14 (67%) 
3 (14%) 
4 (19%) 

 
 
 
 
 
 
13 (60%) 
9 (40%) 

 

NSCLC, Non-small cell lung carcinoma; ECOG, Eastern Cooperative Oncology Group; CCI, Charlson 

comorbidity index; BMI, Body Mass Index; Stage, pathological stage for NSCLC, clinical stage for 

mesothelioma  

 



 

Table 2. Spearman’s correlation coefficient between circulating biomarkers and clinical markers. 

ECOG, Eastern Cooperative Oncology Group; pTumor size, pathological tumor size; NSCLC, non-small 

cell lung cancer; pStage, pathological TNM stage; cStage, clinical TNM stage. Two-tailed significant p-

values are marked with *p<0.05 or **p<0.01. 

 

 Activin A Activin B Follistatin FSTL3 

Age 0.414** 0.124 0.234* 0.482** 

C-reactive protein 0.468** 0.231* 0.350** 0.410** 

Hemoglobin -0.136 -0.098 -0.097 -0.239* 

Charlson comorbidity index 0.095 0.101 0.186 0.340** 

ECOG 0.068 0.178 0.256** 0.209* 

pTumor size 0.343* 0.001 0.021 0.039 

pStage, NSCLC 0.112 -0.107 -0.216 -0.237 

cStage, MPM 0.141 0.114 0.208 0.408 

Cachexia 0.412** 0.153 0.200* 0.227* 

Body mass index -0.048 0.089 0.124 0.186 



0

0

0

0

0



1 - Specificity

1,00,80,60,40,20,0

S
en

si
ti

vi
ty

1,0

0,8

0,6

0,4

0,2

0,0

AUC = 0.856 ± 0.043 (95% CI 0.77 - 0.94), p< 0.001

Page 1






