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Muscle depletion and the prediction of chemotherapy toxicity

Maurizio Muscaritoli • Alessio Molfino •

Filippo Rossi Fanelli

Received: 6 May 2013 / Accepted: 28 May 2013 / Published online: 11 June 2013

� SIMI 2013

During the past few decades, while the death rate for heart

disease has declined steadily, cancer death rates have

remained relatively constant [1]. Moreover, cancer is

becoming a disease associated with aging, with patients

aged 65 years and older having an 11-fold increase in

cancer incidence and a 16-fold increase in cancer mortality

when compared to individuals younger than 65 [2, 3]. The

population of older adults is rapidly growing worldwide,

and it is estimated that the number of people older than 65

will exceed 20 % by 2030 in the United States. Further-

more, aging is paralleled by an increase in comorbidities,

which increases patients’ vulnerability [4]. This will pro-

gressively increase the need for cost-effective antineo-

plastic strategies for an increasing population of patients.

Part of the limited efficacy of cancer treatments is

related to chemotherapy toxicity [5–7]. Up to 30 % of

patients treated with 5-fluorouracil (5-FU)/capecitabine

experience dose-limiting toxicities including diarrhea,

handfoot syndrome, mucositis and myelosuppression [8].

Toxicity frequently implies reduction or interruption of

anticancer therapy and may lead to fatal complications,

particularly in older persons [3, 9]. Besides its detrimental

role in negatively affecting prognosis and survival of

cancer patients, toxicity to chemotherapy negatively

impacts on the financial burden of cancer, causing increase

in both direct medical costs and indirect mortality costs

[10] An American pilot study [11] evaluating the total costs

of chemotherapy-induced toxicity in ovarian cancer

patients in 2001 estimates that the cost for every single

episode of neutropenia is USD $ 7,546. In a subsequent

study from the same group [12], the cost per episode of

febrile neutropenia in patients receiving inpatient care

ranges between USD $ 12,150 and USD $ 21,601. Thus,

the control of chemotherapy-induced toxicity has become a

major healthcare issue, and systems or models for the

prompt and effective identification of patients at risk are

strongly required. The study of mutations in metabolic

enzymes involved in drug metabolism represents an

example of such predictive approach.

Drug-metabolizing enzymes play a central role in the

metabolism, elimination and detoxification of drugs intro-

duced into the body [13]. Therefore, genetic variability is

crucial in determining the probability of the occurrence of

chemotherapy toxicity in cancer patients. Dihydropyrimi-

dine dehydrogenase (DPD) is the rate-limiting enzyme in

the catabolism of fluoropyrimidines, like capecitabine and

5-FU, converting [80 % of an administered dose of 5-FU

to inactive metabolites [14]. Deficiency of DPD activity is

associated with severe toxicities, sometimes fatal, follow-

ing administration of 5-FU class drugs. Molecular defects

of the dihydropyrimidine dehydrogenase gene (DPYD)

lead to the deficiency of DPD activity and cause this

clinically severe syndrome [15].

In their study published in this issue of Internal and

Emergency Medicine, Magnani et al. [16] analyzed 180

cancer patients as candidates for treatment with 5-FU class

drugs for the most common DPD mutation, i.e.

IVS14?1G[A and detected four heterozygous individuals.

In three out of the four patients, who had been scheduled

for a 50 % dose reduction to prevent side-effects, severe

toxicity occurred, resulting in need for hospitalization and

premature discontinuation of treatment. The authors
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therefore suggest that further dose reductions or choice of

alternative treatments are warranted for patients carrying

this gene mutation, underscoring the progressive need of

medical oncology to rapidly shift towards a personalized

medicine for cancer patients [17].

Factors others than genetic variability for key metabolic

enzymes may also affect tolerance to antineoplastic treat-

ments, particularly in older adults bearing multiple

comorbidities [3, 18]. In recent years, the role played by

malnutrition, reduced lean body mass (LBM) and sarco-

penia in decreasing survival, quality of life and tolerance to

treatments in cancer patients has gained progressive

attention [19]. Reduced LBM and sarcopenia are common

features in elderly people and in patients with chronic

diseases, including cancer [20]. Prado et al. [21, 22]

recently reported that sarcopenia is a significant predictor

of toxicity and time to tumor progression in metastatic

breast cancer patients treated with capecitabine and that

that low LBM is a significant predictor of toxicity in

women administered 5-FU for stage II/III colon cancer.

According to the authors’ interpretation, reduced LBM

implies a low volume of distribution of cytotoxic chemo-

therapy drugs and will result in higher concentrations in a

shorter period of time. A reduced clearance of the drug

from the systemic circulation in turn induces increased

toxicity [21, 22]. In normal conditions LBM represents

80–85 % of body weight, with muscle mass accounting for

about 45 % of body mass, thus it is reasonable that muscle

mass may significantly contribute to the volume of distri-

bution of hydrophylic drugs, such as 5-FU. An alternative

to Prado’s hypothesis, which is currently being tested by

our group, is that sarcopenia per se determines a reduction

in the total body DPD activity, in turn responsible for

increased toxicity. This reasoning is based on the obser-

vation that, although the liver and lymphocytes display

highest DPD activity, significant DPYD gene expression

has been documented in skeletal muscle [23]. Moreover,

geriatric assessment variables (ability to walk one block,

decreased activities of daily living, falls in the last

6 months), which are well-known sarcopenia-related pre-

dictors of morbidity and mortality [24], significantly pre-

dict chemotherapy toxicity in older adults [18].

Approaches to cancer treatment are progressively

becoming more complex and costly. Besides, cancer is

nowadays a disease associated with aging, therefore mak-

ing the majority of the cancer population particularly vul-

nerable, due to the presence of one or more chronic

comorbidities. Sarcopenia frequently complicates aging

and chronic conditions and causes frailty and increased

vulnerability [20, 24, 25]. A careful assessment for the

presence of malnutrition, sarcopenia and changes in body

composition represents a cost-effective measure of per-

sonalized medicine that may help predicting chemotherapy

toxicity and improving quality of life and survival rate of

cancer patients.
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