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Lung cancer sarcopenia has several problems to overcome, 
including identification of diagnostic tools, investigation 
of molecular biological mechanisms, and identification 
of therapeutic approaches. To date, many reports have 
demonstrated that sarcopenia increases postoperative 
complications and leads to poor prognosis using clinical 
data sets (1,2). Furthermore, we demonstrated that the 
results were reproducible by a meta-analysis (3). In the 
future, researchers should address these problems.

Identifying diagnostic tool

As diagnostic tools for lung cancer sarcopenia, many 
researchers used a sum of skeletal muscles at L3 level 
normalized for height (L3MI, cm2/m2) or the psoas muscle 
area at L3 level normalized for height (PMI, cm2/m2) (3). 
Recently, Connor et al. showed that a low T5MI predicted 
poor prognosis only in male patients. They also investigated 
the association of T12MI and L3MI with prognosis in 
the same cohort. Low T12MI and L3MI showed a poor 
prognosis in all patients, regardless of sex (4). These results 
indicate that the muscle area at L3 and T12 is optimal for 
diagnosing sarcopenia and predicting prognosis. Clinicians 
need a brief and predictable tool for diagnosing sarcopenia. 
Considering the predictability of prognosis, sufficient 
evidence, and ease of assessment, PMI at the L3 level may 
be feasible.

Investigation of molecular-biological 
mechanisms

Despite accumulating evidence on the association between 
sarcopenia and prognosis, investigation of molecular 
biological mechanisms is insufficient. We propose “lung 
cancer-skeletal muscle cycle” which functions as negative 
loop for prognosis (Figure 1). Myostatin (5) and activin A (6) 
are expressed in lung cancer. These cytokines inhibit protein 
synthesis and enhance ubiquitin-proteasome pathway-
mediated protein degradation in the skeletal muscle. Lung 
cancer cells may produce these cytokines, secrete them into 
the serum, reach skeletal muscle, and cause muscle atrophy. 
In contrast, muscles have a potential tumor-inhibitory effect 
through the secretion of myokines. Myokines suppress 
the growth of cancer cells and are involved in immune cell 
regulation. For example, muscle-derived myokines, such as 
Oncostatin M, Irisin, SPARC, IL-6, inhibit the growth of 
cancer cells in vitro (7,8). When skeletal muscle is reduced 
by myostatin or activin A myokines decrease, and the tumor 
inhibitory effect may also decrease. When this lung cancer-
skeletal muscle cycle works as a negative loop, sarcopenia 
develops and the tumor progresses, resulting in poor 
prognosis.  

Finding out for therapeutic approach

From the perspective of the lung cancer-skeletal muscle 
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cycle, there are two therapeutic approaches for lung cancer 
sarcopenia. First, inhibition of myostatin or activin A 
may improve muscle loss. Administration of a myostatin/
activin A receptor inhibitor to mice with lung cancer 
resulted in an improvement in body muscle weight and 
agility. Furthermore, tumor volume in treated mice was 
decreased compared with control mice (9). Myostatin gene 
inactivation prevents skeletal muscle loss in engrafted 
mouse lung cancer (10). Second, exercise may improve the 
loss of skeletal muscle, leading to increased myokines and 
the prevention of tumor growth. Chen et al. demonstrated 
that patients who engaged in regular exercise during the 
first 6 months after diagnosis had significantly higher 
overall survival and Disease free survival than those who did 
not exercise (11). 

In conclusion, PMI at the L3 level may be useful for 
defining lung cancer sarcopenia in predicting prognosis. 
Sarcopenia may be induced by myostatin or activin A 
secreted by lung cancer, which reduces skeletal muscle 
mass. The inhibition of myostatin/activin A or exercise 
has the potential to prevent skeletal muscle loss and cancer 
growth. With these therapeutic strategies, the negative loop 
of the cancer-skeletal muscle cycle may be suppressed. In 
the future, the molecular biological mechanisms should be 
clarified. 
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Figure 1 Lung cancer-skeletal muscle cycle. 
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