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i Department of Geriatrics, CHU Clermont-Ferrand, UPRES AME 2P, University of Clermont-Ferrand, Clermont-Ferrand, France
j Centre de G�erontologie, Clinique Antonin Balmes, CHU de Montpellier, University I Montpellier, Montpellier, France
k Gerontopôle, Toulouse University Hospital, Toulouse, France

a r t i c l e i n f o

Article history:
Received 13 May 2016
Accepted 8 December 2016

Keywords:
Cancer
Older adults
Malnutrition
Cachexia
Chemotherapy

s u m m a r y

Background & aims: The aims of this systematic review were (i) to determine the prevalence of
malnutrition and cachexia in older cancer patients in a chemotherapy setting, and (ii) to report the
chemotherapy-related causes of malnutrition and (iii) the consequences of malnutrition on the outcomes
of these patients.
Methods: We searched MEDLINE for articles published in English or French between 2005 and 2016 and
which reported retrospective or prospective, observational or interventional studies of the prevalence of
malnutrition and its consequences in patients 65 years or older with solid tumors and chemotherapy-
related causes of malnutrition.
Results and conclusion: Malnutrition is prevalent up to 83% in older patients with cancer scheduled to
receive chemotherapy. One third or more of patients were malnourished before receiving chemotherapy.
A weight loss of 10% or more during the past three or six months was reported in 8%e40% of cancer
patients, while a body mass index <21 kg/m2 was found in 10.7%e23%. Malnutrition was more prevalent
in digestive (28%e75%) than in non-digestive cancers (8%e46.9%), and also in metastatic cancers (64%
e76.5%). During the course of chemotherapy, weight loss was observed in 40%e91.6% of patients,
depending on cancer location. The most frequently reported chemotherapy-related digestive symptoms
likely to impair nutritional status were dry mouth, nausea, stomach pain, diarrhea and constipation. Low
Mini-Nutritional-Assessment score was an independent predictor of early discontinuation of chemo-
therapy and increased the risk of mortality.

© 2016 Elsevier Ltd and European Society for Clinical Nutrition and Metabolism. All rights reserved.

1. Introduction

The care of older patients accounts for a major part of everyday
oncology practice. Comorbidities and disabilities become increas-
ingly prevalent with advancing age and are associated with side
effects related to treatment and poor outcomes [1,2]. A major issue
for oncologists is determination of optimal treatment in older pa-
tients, who have widely varying comorbidities, physical reserve,

* Corresponding author. Department of Internal Medicine and Geriatrics, Henri-
Mondor University Hospital, 51 avenue du Mar�echal de Lattre de Tassigny, 94010
Cr�eteil Cedex, France. Fax: þ33 1 49 81 27 17.

E-mail addresses: philippe.caillet@aphp.fr (P. Caillet), evelyne.liuu@chu-poitiers.
fr (E. Liuu), agathe.raynaud-simon@aphp.fr (A. Raynaud Simon), marc.bonnefoy@
chu-lyon.fr (M. Bonnefoy), guerin.o@chu-nice.fr (O. Guerin), gilles.berrut@
chu-nantes.fr (G. Berrut), lesourd.bruno@orange.fr (B. Lesourd), claudejeandel@
yahoo.fr (C. Jeandel), monique.ferry@club-internet.fr (M. Ferry), rolland.y@
chu-toulouse.fr (Y. Rolland), elena.paillaud@aphp.fr (E. Paillaud).

1 These authors contributed equally to this work.

Contents lists available at ScienceDirect

Clinical Nutrition

journal homepage: ht tp: / /www.elsevier .com/locate/c lnu

http://dx.doi.org/10.1016/j.clnu.2016.12.003
0261-5614/© 2016 Elsevier Ltd and European Society for Clinical Nutrition and Metabolism. All rights reserved.

Clinical Nutrition xxx (2016) 1e10

Please cite this article in press as: Caillet P, et al., Association between cachexia, chemotherapy and outcomes in older cancer patients: A
systematic review, Clinical Nutrition (2016), http://dx.doi.org/10.1016/j.clnu.2016.12.003

mailto:philippe.caillet@aphp.fr
mailto:evelyne.liuu@chu-poitiers.fr
mailto:evelyne.liuu@chu-poitiers.fr
mailto:agathe.raynaud-simon@aphp.fr
mailto:marc.bonnefoy@chu-lyon.fr
mailto:marc.bonnefoy@chu-lyon.fr
mailto:guerin.o@chu-nice.fr
mailto:gilles.berrut@chu-nantes.fr
mailto:gilles.berrut@chu-nantes.fr
mailto:lesourd.bruno@orange.fr
mailto:claudejeandel@yahoo.fr
mailto:claudejeandel@yahoo.fr
mailto:monique.ferry@club-internet.fr
mailto:rolland.y@chu-toulouse.fr
mailto:rolland.y@chu-toulouse.fr
mailto:elena.paillaud@aphp.fr
www.sciencedirect.com/science/journal/02615614
http://www.elsevier.com/locate/clnu
http://dx.doi.org/10.1016/j.clnu.2016.12.003
http://dx.doi.org/10.1016/j.clnu.2016.12.003
http://dx.doi.org/10.1016/j.clnu.2016.12.003


disabilities and geriatric conditions [3]. Onemajor comorbidity that
affects outcomes of older cancer patients is malnutrition [4,5].

For many years, the terms “malnutrition”, “undernutrition”,
“weight loss” and “cachexia” have been used interchangeably in the
literature [6]. Malnutrition and undernutrition criteria include
weight loss, low body mass index (BMI) and/or low albuminemia,
together with composite tools such as the Mini-Nutritional-
Assessment (MNA) or Nutritional Risk Screening (NRS), but which
make no reference to body composition. Cachexia defines a com-
plex metabolic situation observed in chronic diseases associated
with systemic inflammation and includes decreased muscle mass
and strength, fatigue, anorexia, and markers of inflammation [7].

Recently, referring to cancer patients, there is a consensus to
prefer the term of cachexia for two main reasons [7]. First, the term
“malnutrition” suggests that the cause of weight loss in cancer
patients is mainly due to low food intake; it implies that weight loss
may be resolved by adequate nutrition and/or by overcoming
problems of absorption of nutrients. Although nutrient intake is
often inadequate in cancer patients, the variety of metabolic and
endocrine changes and the activation of catabolic pathways ac-
count for some of the weight loss and explainwhy it cannot be fully
reversed by conventional nutritional support [8]. Secondly, the
term “cachexia” emphasizes the complexity and importance of
muscle wasting in the pathophysiology of nutritional alterations
associated with cancer. However, in most studies, the tools used to
assess cachexia are limited to nutritional parameters.

Malnutrition and cachexia have long beenwell known in cancer
patients [9] and are a major cause of morbidity and mortality [10].
However, the prevalence of malnutrition/cachexia is less reported
in the geriatric oncology setting, especially in older patients who
are scheduled for chemotherapy. Its prevalence varies depending
on the criteria used to define malnutrition, the location of the tu-
mor and its extension [9]. It is also affected by the anticancer
treatments. Chemotherapy may cause adverse effects that have a
negative impact on nutritional status, such as anorexia, altered
perceptions of taste and smell, food aversions, nausea and vomit-
ing, mucositis, constipation, diarrhea and early satiety. Chemo-
therapymay also have a direct erosive effect onmuscle and produce
significant loss of body mass [11]. Several studies have investigated
nutrition of older patients and many others, nutrition of cancer
patients, but relatively few are devoted to nutrition in older cancer
patients and still fewer to the relation between chemotherapy and
malnutrition in these patients.

The objectives of this review were to determine the prevalence
of malnutrition and cachexia in older cancer patients in a chemo-
therapy setting, the chemotherapy-related causes of malnutrition
and cachexia during cancer treatment, and the consequences of
malnutrition on patient outcomes.

2. Materials and methods

2.1. Data sources

We conducted three systematic comprehensive searches of
MEDLINE (PubMed) for articles in English or French published be-
tween January 1, 2005 and September 30, 2016.

Because “malnutrition” is still often used instead of “cachexia” in
the literature, for this systematic review we used both “malnutri-
tion” and “cachexia”.

2.2. Study eligibility criteria

We selected studies that focused on older patients (65 years or
older) with solid cancer (excluding hematologic malignancies) who
were seen in oncology or geriatric oncology clinics (as outpatients

or inpatients) and involved retrospective or prospective data
collection and observational or interventional design. We excluded
editorials, case studies, and studies published as abstracts. Review
articles were considered as potential sources for bibliographic
references. If review articles contained relevant data, the original
articles were analyzed and included in the present article if they
fulfilled the eligibility criteria.

We designed a specific algorithm for each objective:

1) Algorithm 1, to assess the prevalence of malnutrition/cachexia
in older cancer patients scheduled for chemotherapy:
(“Cachexia”[Mesh] OR “Malnutrition”[Mesh]) AND (“Neo-
plasms”[Mesh] OR “Cancer”[Text Word]) AND (“Aged”[Mesh]
OR “Geriatric Assessment”[Mesh] OR “Elderly”[Text Word] OR
“Older”[Text Word] OR “Geriatric”[Text Word]) AND (“Anti-
neoplastic Agents”[Mesh] OR “Chemotherapy”[Text Word]).

2) Algorithm 2, to assess the nutritional decline related to
chemotherapy during cancer treatment in older patients:
(“Cachexia”[Mesh] OR “Malnutrition”[Mesh]) AND (“Neo-
plasms”[Mesh] OR “Cancer”[Text Word]) AND (“Aged”[Mesh]
OR “Geriatric Assessment”[Mesh] OR “Elderly”[Text Word] OR
“Older”[Text Word] OR “Geriatric”[Text Word]) AND (“Anti-
neoplastic Agents”[Mesh] OR “Molecular Targeted Ther-
apy”[Mesh] OR “Chemotherapy”[Text Word])

3) Algorithm 3, to assess the clinical consequences of malnutrition/
cachexia on outcomes in older cancer patients scheduled for
chemotherapy: (“Cachexia”[Mesh]OR “Malnutrition”[Mesh])AND
(“Neoplasms”[Mesh] OR “Cancer”[Text Word]) AND (“Aged”[-
Mesh] OR “Geriatric Assessment”[Mesh] OR “Elderly”[Text Word]
OR “Older”[Text Word] OR “Geriatric”[Text Word]) AND (“Treat-
ment Outcome”[Mesh] OR “Mortality”[Mesh] OR “Morbid-
ity”[Mesh] OR “Treatment Feasibility”[Text Word] OR “Treatment
Toxicity”[Text Word] OR “Hospitalization”[Text Word])

For the three algorithms, we used the following limits: Article
types: Clinical Trial, Systematic Review, Review, Clinical Trial, Phase
I, Clinical Trial, Phase II, Clinical Trial, Phase III, Clinical Trial, Phase IV,
Comparative Study, Multicenter Study, Observational Study, Meta-
Analysis, Randomized Controlled Trial e Publication date from
2005/01/01 to 2016/09/30eHumanse English OR Frenche Cancer
eAged: 65þ years. However, to limit the number of citations for this
study in accordance with the guidelines for authors, only recent
studies between January 1, 2010 and September 30, 2016 were
considered in part 1 to assess the prevalence of malnutrition/
cachexia in older cancer patients scheduled for chemotherapy.

When several studies had been published on the same cohort,
we analyzed the most relevant study presenting nutritional data in
accordance with the purpose of our review. We excluded studies
that did not clearly report the nutritional assessment tools used to
define malnutrition or cachexia or if the results were not detailed
according to these assessment tools.

2.3. Study selection

Articles were selected initially by three senior specialists in
geriatric oncology (PC, EL and EP) on the basis of the titles, abstracts
and the eligibility criteria described above. When one or more of
these investigators were uncertain about whether the article ful-
filled the eligibility criteria, the abstract was included and the full-
length article was analyzed by the same three physicians. Dis-
agreements were resolved by consensus. We also reviewed the
reference lists of all selected articles and related contents of the
MEDLINE search, to search for relevant articles.

The three investigators used the PRISMA® (Preferred Reporting
Items for Systematic Reviews andMeta-analysis) guidelines (http://
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