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Abstract 
Background: Fifty-eighty percent of all cancer patients are afflicted by cancer 
cachexia and 20 percent die due to cancer cachexia. Purpose: From this narr-
ative review, I will make a case for utilizing resistance exercise training from a 
molecular mechanistic standpoint and provide insight in how it can be used 
in a hospital setting. Method: PubMed Search and review of the literature. 
Discussion: The loss of about 9 percent of lean body mass is related to lower 
survival in metastatic colorectal cancer. Chemotherapy is also related to muscle 
mass loss. Resistance exercise training increases muscle protein synthesis and 
net muscle protein balance towards anabolism in healthy volunteers. Resis-
tance exercise has shown to reduce the secretion of proinflammatory cyto-
kines from monocytes and reduce toll-like receptor-4 expression on mono-
cytes. Resistance exercise training has been shown to reduce lean body mass 
losses and improve function in cancer patients. Conclusion: All in all, resis-
tance exercise training has been shown to alter molecular mechanisms that 
lead to muscle protein gains and is an effective means to improve function 
and reduce lean body mass losses in cancer with few side effects. 
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1. Introduction 

Cancer cachexia affects 50% - 80% of all cancer patients [1] with the greatest ef-
fect in pancreatic, gastrointestinal, and certain lung cancers. Death by cachexia 
happens in at least 20% of all cancer patients. The administration of novel mo-

How to cite this paper: Lambert, C.P. 
(2022) Resistance Exercise to Mitigate Can-
cer Cachexia: Molecular Mechanisms and 
Practical Applications. Journal of Cancer 
Therapy, 13, 497-506. 
https://doi.org/10.4236/jct.2022.138044  
 
Received: July 1, 2022 
Accepted: July 30, 2022 
Published: August 2, 2022 
 
Copyright © 2022 by author(s) and  
Scientific Research Publishing Inc. 
This work is licensed under the Creative 
Commons Attribution International  
License (CC BY 4.0). 
http://creativecommons.org/licenses/by/4.0/   

  
Open Access

https://www.scirp.org/journal/jct
https://doi.org/10.4236/jct.2022.138044
https://www.scirp.org/
https://doi.org/10.4236/jct.2022.138044
http://creativecommons.org/licenses/by/4.0/


C. P. Lambert 
 

 

DOI: 10.4236/jct.2022.138044 498 Journal of Cancer Therapy 
 

lecular interventions is therefore imperative to the treatment of cachexia along 
with more traditional treatments such as radiation, chemotherapy, and surgery. 
Although a popular method for fitness enthusiasts, resistance exercise training, 
popularly called “weight training” has not been universally utilized to treat can-
cer cachexia. In this review, I will make a case for utilizing resistance training in 
cancer patients from a molecular mechanistic standpoint and provide insight in 
to how it can be used in the hospital setting.  

2. Effect of Cancer on Muscle Protein Balance and Survival 

Elevated cytokines in cancer, primarily IL-6 and TNFalpha act to inhibit muscle 
protein synthesis and stimulate muscle protein breakdown. This effect of cyto-
kines has been reviewed in a recent Open Access book chapter [2]. 

Blauwhoff-Buskermolen et al. [3] reported that in 67 patients with metastatic 
colorectal cancer, that a 9% loss of muscle was the cut point for survival dura-
tion. Those with a loss of 9% or more had statistically significant lower survival 
rate than patients with less than a 9% loss of muscle. This relationship remained 
when survival was adjusted for sex, age, baseline lactate dehydrogenase levels, 
comorbities, metatasteses to one organ or many organs, treatment line, or tumor 
progression when evaluated initially by CT scan.  

3. Chemotherapy, Relation to Muscle Loss and Muscle Mass  
as a Predictor of Chemotherapy Dose 

Klassen et al. [4] showed that after chemotherapy, there was a substantial loss of 
muscle strength in the lower extremities (~25%) and upper extremities (~12% - 
16%). This was manifested during isometric contractions as well as during iso-
kinetic contractions. Also, the fatigue index as measured during repeated isome-
tric contractions was consistently higher in patients treated with chemotherapy. 
Meaning those treated with chemotherapy had more fatigue. The study authors 
noted that no adverse events were reported as a result of the testing.  

Kakinuma et al. [5] examined the effects of cytotoxic chemotherapy vs. mole-
cular targeted therapy. There were 44 patients treated with cytotoxic chemothe-
rapy and 21 received molecular targeted therapy. The loss of muscle mass was 
significantly higher in the cytotoxic chemotherapy group than in the molecular 
targeted group. This was a 2.19 fold greater loss of muscle mass in the cytotoxic 
chemotherapy group than the molecular targeted group. The molecular based 
therapy targeted the epidermal growth factor receptor and the other was an ALK 
tyrosine kininase inhibitor. 

In Sprague-Dawley rats, data from the Dickinson lab [6] suggest that doxyru-
bicin administration in healthy rats results in a reduction in muscle mass of 26 
and 33% in the soleus and EDL muscles, respectively. This is accompanied by a 
39 and 35 percent reduction in satellite cells in these muscles. Doxyrubicin was 
administered at 4 mg/kg with a cumulative dose of 12 mg/kg.  

Antoun et al. [7] from Dr. Baracos’ lab has ascertained that sarcopenia (the 
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age related loss of muscle mass) in cancer patients results in dose limiting toxic-
ity-meaning that lower doses of chemotherapy must be used in cancer patients 
with sarcopenia. These investigators reported that in patients with metastatic 
renal carcinoma with low muscle mass and a BMI less than 25 kg/m2 there was 
statistically significant toxicity to sofranib. In a subsequent study, Ali et al. [8] 
from Dr. Baracos group again found, in individuals with cancer, that when they 
had low lean body mass they had a higher toxicity to chemotherapy. This inves-
tigation and the former one discussed from Dr. Baracos lab suggest that it is bet-
ter to prescribe chemotherapy based on the amount of lean body mass rather on 
the amount of body surface area. In a study on Japanese cancer patients, Miya-
mato et al., [9] sarcopenia lead to a poorer prognosis in patients with colorectal 
cancer who had curative resection. A question that arises, “are chemotherapy 
drugs metabolized by skeletal muscle”? This may be indicated by the close rela-
tionship between amount of skeletal muscle mass and toxicity to chemotherapy 
found by Dr. Baracos’ group.  

4. Effect of Resistance Training on Muscle Protein Balance 

In a seminal study on the effects of resistance training on muscle protein synthe-
sis, muscle protein breakdown and net muscle protein balance, Phillips et al. [10] 
reported in eight untrained subjects free of disease that muscle protein synthesis 
after 8 sets of 8 repetitions of the quadriceps femoris muscle group was elevated 
by 112% three hours after exercise, 65% 24 h after exercise and 34% 48 h after 
exercise. This was in the fasted condition ie. without post exercise nutrition. This 
was accompanied by much smaller increases in muscle protein breakdown at 3 
and 24 h and a return to baseline at 48 h after exercise. This resulted in a very 
positive muscle protein synthesis relative to breakdown with the emphasis that 
this was in fasted condition. This is an important study illustrating the powerful 
effects of resistance training without feeding on muscle protein synthesis.  

In addition, to the powerful effects of resistance training alone, the addition of 
proper nutrition in the hours and days following a resistance training bout aug-
ment the effects of resistance training in the fasted condition. This has been 
thoroughly reviewed by Stuart Phillips [11]. To summarize these findings pre-
dominately from the laboratories of Robert Wolfe and Stuart Phillips ingestion 
of protein (whey protein is the best), essential amino acids, and leucine are effec-
tive in stimulating muscle protein synthesis and net muscle accretion. Phillips et 
al. [11] concluded that 0.25 - 0.3 g/kg body mass/meal is the appropriate amount 
to ingest in the hours and days post exercise.  

Although to this author’s knowledge the effects of resistance training, optimal 
protein/amino acid nutrition, and testosterone administration have not been 
studied in a composite study, two long-term investigations examining muscle 
mass and strength suggest that testosterone administration with resistance train-
ing are advantageous for gaining muscle and losing fat and if the effective dose is 
high enough will improve strength also. Hildreth et al. [12] administered testos-
terone gel to elderly subjects and their testosterone concentration reached ap-
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proximately 500 - 600 ng/dl. In this study, although they saw a reduction in fat 
and increase in lean body mass there was no effect on strength. In a subsequent 
study by Ghandaghi et al. [13] reported that testosterone administration with re-
sistance exercise to elderly men by way of injection of Sustanon (250 mg bi-
weekly) raised the testosterone of men with normal testosterone to approximately 
1000 - 1200 ng/dl resulted in an increase in lean body mass, a decrease in fat 
mass, AND an increase in strength. It would appear that the increase in strength 
is related to the relatively higher testosterone concentrations achieved in the 
study of Ghandaghi et al. [13]. The study of Hildreth et al. [12] lasted 6 months 
whereas the study of Gharahdaghi et al. [13] lasted 6 weeks.  

5. Effect of Resistance Training with Testosterone and  
Megestrol Acetate Administration on Muscle Mass 

In an effort to have older underweight men accrue muscle mass we [14] admi-
nistered the appetite stimulant megestrol acetate, the anabolic agent testoste-
rone, and the anabolic intervention whole body resistance training. As can be 
seen in Figure 1, megestrol acetate alone induced muscle mass loss which was 
not attenuated by testosterone administration.  

Resistance exercise with megestrol acetate administration resulted in a total 
attenuation of muscle mass loss and the addition of testosterone administration 
to megestrol acetate and whole body resistance training administration resulted 
in a substantial gain in thigh muscle mass (bars 2 and 4). We hypothesized that 
megestrol acetate blocked the androgen receptor making testosterone alone in-
capable of increasing muscle mass and that in someway resistance training 
stopped this effect and when combined with testosterone replacement and me-
gestrol acetate administration resulted in a substantial increase in muscle mass. 
 

 
Figure 1. Effects of Megestrol Acetate, Megestrol Acetate plus Resistance Training, Me-
gestrol Acetate plus Testosterone, and Megestrol Acetate plus Resistance Training plus 
Testosterone on thigh cross-sectional Muscle Mass, bars above from left to right, respec-
tively. From [14]. 
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6. Effect of Resistance Training on Monocyte Cytokine  
Secretion and Toll Like Receptor-4 Content 

Most of this seminal work comes from the laboratory of Dr. Michael Flynn when 
he was at Purdue University. In essence Dr. Flynn’s group has shown that resis-
tance exercise acutely (a single bout/ expressed per monocyte) acts to reduce li-
popolysaccharide induced secretion of IL-1Beta and TNF alpha in vitro from 
whole blood taken from human volunteers [15] immediately post and 2 hours 
post exercise. Also, Dr. Flynn’s group has shown cross-sectionally that resistance 
exercise training reduces LPS-stimulated TNFalpha and IL-6 production in vitro 
[16]. This cross-sectional finding was also shown to occur prospectively as this 
group [17] reported resistance exercise training (10 weeks) reduced TNFalpha 
by 37% as well as LPS-stimulated production of IL-6, IL1-beta, and TNFalpha at 
all time points including the pre time point.  

The so-called gate keeper for monocyte cytokine production is Toll Like Re-
ceptor-4 which has to be stimulated for cytokines to be produced by the mono-
cyte. These investigators found that TLR-4 was reduced as a result of resistance 
exercise training (the mRNA) in older women [18]. This provides a mechanism 
for the reduction in IL-6, TNFalpha, and IL-1Beta seen with chronic resistance 
training. Regarding skeletal muscle rather than blood monocyte cytokine pro-
duction, Lambert et al. [19] reported that the mRNA for TLR-4 in skeletal mus-
cle was significantly reduced as a result of resistance and aerobic exercise train-
ing but this effect did not happen as a result of energy restriction. Taken togeth-
er the results from Flynn et al. laboratory [15] [16] [17] [18] and that reported 
by Lambert et al. [19] suggest that resistance training, in particular, may be ef-
fective from an immunological standpoint, in reducing muscle catabolism in 
healthy individuals. The effects of this intervention on this immunological pa-
rameters needs to be determined in cancer cachexia and logically we can specu-
late that positive results would be observed in cancer patient. This awaits scien-
tific corroboration. Interestingly, Paccielli-Freire [20] reported that in pancreatic 
cancer tumors the expression of cachexia inducing factor genes appeared to be 
coming from leukocytes which infiltrated the tumor microenvironment rather 
than from the tumor itself. Additionally, there was no statistical relationship 
between cachexia inducing factor gene expression and tumor grade.  

7. Effect of Resistance Training in the Face of Physical  
Frailty and Negative Energy Balance on Muscle Anabolism 

In two separate studies it would appear that physical frailty and negative energy 
balance-two maladies present in cancer cachexia—do not inhibit the effects of 
resistance training on body composition and strength. In the first study, Villa-
real et al. [21] reported that a multicomponent exercise program which utilized 
balance, flexibility, strength training, and aerobic training decreased fat mass 
and increased overall lean body mass, lean body mass of the limbs, overall strength 
and aerobic fitness level (VO2peak). This was performed in 65 - 80 year old frail 
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and obese men and women. This could be considered somewhat of a proof of 
concept study for cancer cachexia as the volunteers were frail.  

In another study which utilized older individuals, Murphy et al. [22] reported 
that energy restriction resulted in a blunting of myofibrillar (contractile) protein 
synthesis whereas there was no effect on myofibrillar protein synthesis when in 
energy balance. Resistance training while undergoing moderate energy restric-
tion-which is somewhat similar to the anorexia of cancer resulted in a stimula-
tion of myofibrillar muscle protein synthesis. The energy restriction (caloric 
deficit) was for 4 weeks at −1.25 MJ/day (−~300 kcal/day). This energy restric-
tion is fairly small compared to the anorexia of cancer [23]. Nonetheless, the da-
ta do show that protein synthesis can be stimulated if resistance exercise is un-
dertaken and there is moderate energy restriction i.e. weight loss.  

8. Effect of Resistance Training in Cancer on Lean Body Mass  
and Muscle Strength 

Santagnello et al. [24] reported that 12 weeks of resistance training reduced self 
reported fatigue, increased muscle power, lean body mass and walking speed 
performance, sit to stand time, and timed get up and go in cancer patients. Serra 
et al. [25] reported that 16 weeks of moderate intensity resistance training 
(whole body) improved muscle strength by about 25% - 30%, and quality of life 
by about 10%. Measures of physical function such as chair stand time was im-
proved by 15% and six minute walk time was improved by 4%. Fatigue was re-
duced by 58%. The population studied was breast cancer survivors. Wiskemann 
et al. [26], reported in 65 patients with breast cancer, that resistance training, ei-
ther supervised or home-based, 2 times per week resulted in a significant in-
crease in strength only in the unsupervised group for elbow flexors and exten-
sors and knee extensors.  

9. Discussion 

It is clear that cancer and chemotherapy result in a loss of muscle mass and this 
could be a cause of death in a large number of cancer patients. Resistance exer-
cise would appear to be a viable intervention from the standpoint of increasing 
muscle protein synthesis [10] and allowing for the accrual of muscle mass. By 
partaking in resistance training, the ability to retain muscle mass would appear 
to be significantly impacted. The positive benefit of resistance training is also 
enhanced, in individuals without cancer, with proper post exercise nutrition and 
testosterone administration. These interventions together would likely improve 
lean body mass retention, strength, and physical function in the cancer patient. 
One question that arises is what energy cost of such activity and it would appear 
that the type of resistance training we are talking about [for example: 10 exercis-
es/3 sets of 8 @ 70% - 80% of the one repetition maximum and 3 times per week 
would not expend a substantial amount of calories-on the order of about ~200 
kcals [27]. With regard to the anorexia of cancer, the addition of the appetite 
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stimulant megestrol acetate with resistance training and testosterone adminis-
tration has led to significant weight gain and muscle mass gains [14]. Anamore-
lin, a ghrelin analogue and growth hormone secretagogue has been shown to 
improve appetite and lead to lean body mass accrual [2]. The mechanism by 
which resistance training could impact muscle mass is likely through a direct ef-
fect on muscle protein synthesis [10], however, the seminal work of Flynn et als 
laboratory [15] [16] [17] [18] suggests that downregulating proinflammatory 
cytokine production could be another putative mechanism by which resistance 
exercise could reduce the catabolic effects of cancer. 

10. Conclusion 

It is clear that cancer causes muscle wasting and this may be the cause of death 
in many cancer patients [1]. Chemotherapy may add to the catabolic effects of 
cancer [6]. From the work of Baracos et al. [7] [8], it appears that measures of fat 
free mass/lean body mass/muscle mass may be of more precise in the calculation 
of chemotherapy dosage than the use of body surface area. Resistance exercise 
increases muscle protein synthesis and the addition of muscle mass in normal 
individuals without cancer. This mode of exercise is even more effective when 
proper nutrition and anabolic therapies, such as testosterone administration are 
undertaken [12] [13]. To this end, having a sufficiently high (high-normal range) 
testosterone concentration would appear to be optimal for a strong effect on fat 
free mass and ultimately an effect on function [13]. The positive benefits of re-
sistance exercise would appear to be via an improvement in muscle protein syn-
thesis [10], however, this could be precluded by a decrease in proinflammatory 
cytokines as has been shown by Flynn’s group in normal elderly individuals free 
of disease [15] [16] [17] [18]. The utility of resistance training has been substan-
tiated in the frail-obese elderly [21] and individuals who are hypocalorically di-
eting [22] thus the potential to be of great usefulness in cancer cachexia is prob-
able. Preliminary investigations in cancer patients have shown beneficial results 
in these patient groups [24] [25] [26]. 

11. Future Directions 

From the review above, a few pertinent future directions can be put forth. First, 
it is the opinion of these authors that whole body methods utilizing MRI, CT, or 
DEXA scans or non-radiological methods such as total body water determina-
tion or other dilution techniques at the whole body level should be utilized ra-
ther a CT scan at the third lumbar vertebrae. 

A second future endeavor may be to utilize muscle mass or a close surrogate 
such as fat free mass or lean body mass to estimate chemotherapy dosage. Data 
from Dr. Baracos’ lab [7] [8] suggest that a toxicity to chemotherapy is highly 
related to muscle mass and therefore should be used for the calculation of che-
motherapy dosage rather than total body surface area.  

Clearly, studies on muscle protein synthesis and breakdown as a result of re-
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sistance training must be conducted in cancer patients to confirm the utility of 
this practice in this disease population.  

Optimal enteral or parenteral nutrition for the cancer patient who undergoes 
resistance training is important for the different types and sizes of tumors en-
countered as well as well as when metasteses are present.  

Research on the role of the immune system and resistance exercise in cancer 
patients is warranted but the outlook appears positive based on the results in in-
dividuals free of disease.  

The dose response relationship of resistance training and muscle mass reten-
tion in cancer patients needs to be determined with the idea of doing the mi-
nimal amount of work to maintain muscle mass and not compromise the im-
mune system being the goal. 

Finally, a “Gym” or a room for resistance training equipment that a cancer 
patient could walk to, or have their bed wheeled to, in a hospital setting, would 
appear to be a viable solution to potential logistical problem.  
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