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LEARNING OBJECTIVES

After completing this course, the reader will be able to:

1. Explain how malnutrition (deficit or excess) is used as a decisive factor in treatment of cancer patients.

2. Describe the interactions and influences of overweight/obesity on tumor metabolism and of individualized tumor

metabolism on tumor burden and undernutrition.

3. Use the association of sarcopenic obesity to predict and manage poorer performance status and decreased survival

in cancer patients.

@ This article is available for continuing medical education credit at CME.TheOncologist.com.

ABSTRACT
Objective. Nutritional status in cancer has been mostly
biased toward undernutrition, an issue now in dispute.
We aimed to characterize nutrition status, to analyze as-
sociations between nutritional and clinical/cancer-re-
lated variables, and to quantify the relative weights of
nutritional and cancer-related features.

Methods. The cross-sectional study included 450
nonselected cancer patients (ages 18-95 years) at re-
ferral for radiotherapy. Nutritional status assessment

included recent weight changes, body mass index
(BMI) categorized by World Health Organization’s
age/sex criteria, and Patient-Generated Subjective
Global Assessment (PG-SGA; validated/specific for
oncology).

Results. BMI identified 63% as =25 kg/m* (43% over-
weight, 20% obese) and 4% as undernourished. PG-SGA
identified 29% as undernourished and 71% as well nour-
ished. Crossing both methods, among the 319 (71%) well-

Correspondence: Paula Ravasco, R.D., Ph.D., Unidade de Nutri¢cdo e Metabolismo, Instituto de Medicina Molecular, Faculdade de Me-
dicina de Lisboa, Avenida Prof. Egas Moniz, 1649-028 Lisboa, Portugal. Telephone: +351217985141; Fax: +351217985142; e-mail:

p-ravasco@fm.ul.pt

Received November 3, 2009; accepted for publication March 1, 2010; first published online in The Oncologist

Express on April 15, 2010. ©AlphaMed Press 1083-7159/2010/$30.00/0 doi: 10.1634/theoncologist.2009-0283

The Oncologist 2010;15:523-530 www.TheOncologist.com



524

nourished patients according to PG-SGA, 75% were
overweight/obese and only 25% were well nourished ac-
cording to BMI. Concordance between BMI and PG-SGA
was evaluated and consistency was confirmed. More ag-
gressive/advanced stage cancers were more prevalent in
deficient and excessive nutritional status: in 83% (n = 235/
282) of overweight/obese patients by BMI and in 85% (n =
111/131) of undernourished patients by PG-SGA. Results
required adjustment for diagnoses: greater histological
aggressiveness was found in overweight/obese prostate
and breast cancer; undernutrition was associated with ag-
gressive lung, colorectal, head-neck, stomach, and esopha-
geal cancers (p < .005). Estimates of effect size revealed
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that overweight/obesity was associated with advanced
stage (24%), aggressive breast (10%), and prostate (9%)
cancers, whereas undernutrition was associated with more
aggressive lung (6%), colorectal (6%), and head-neck
(6%) cancers; in both instances, age and longer disease du-
ration were of significance.

Conclusion. Undernutrition and overweight/obe-
sity have distinct implications and bear a negative
prognosis in cancer. This study provides novel data
on the prevalence of overweight/obesity and undernu-
trition in cancer patients and their potential role in
cancer histological behavior. The Oncologist 2010;15:
523-530

INTRODUCTION

Cancer is a major source of morbidity and the second most
common cause of mortality worldwide [1, 2]; the American
Cancer Society estimates that in 2010 neoplastic diseases
will become the leading cause of death, outrunning cardio-
vascular diseases [3].

Nutrition in cancer is now a topic of acknowledged
significance [4—10]. Traditionally, undernutrition has
dictated clinical concerns, although the evidence indi-
cated that 8% to 84% of the patients would suffer from
undernutrition throughout the disease course [4, 11, 12].
A clarification of that wide interval was overlooked;
nonetheless, recent evidence draws our attention to the
increase of excess body weight and obesity in oncology.
Robust findings, from recent epidemiological studies,
show that obese subjects have higher rates of some forms
of cancer [10]. Moreover, once the disease is installed,
obese patients have a significantly reduced survival com-
pared with those of adequate weight [13], and obesity has
been consistently associated with cancer recurrence after
antineoplastic treatments and/or surgery [14—16]. In ad-
dition, of acknowledgeable relevance is the fact that can-
cer patients who are of normal weight, overweight, or
obese are likely to have depleted muscle mass; this clin-
ical condition has been associated with poorer perfor-
mance status and decreased survival [17, 18].

Within this framework, this cross-sectional study con-
ducted in adult patients with a diverse range of cancers was
designed to (a) characterize the pattern of nutritional status
and the distribution of nutritional status categories using
widespread clinical methods of nutritional assessment; (b)
analyze potential associations between nutritional status
and clinical and/or cancer-related variables; and (c) quan-
tify the relative impact of cancer-related characteristics on
patients’ nutritional status.

MATERIALS AND METHODS

Study Design and Patient Sample

This cross-sectional study was approved by the University
Hospital Ethics Committee and conducted in accordance
with the Helsinki Declaration, adopted by the World Med-
ical Association in 1964, amended in 1975, revised in 1983,
and updated in 2002. Consecutive ambulatory patients with
diverse cancers referred between March 2008 and January
20009 to the outpatient Radiotherapy Department of the Uni-
versity Hospital of Santa Maria were potentially eligible.
Exclusion criteria comprised rare tumors [19] and uncoop-
erative patients unable to answer questions or who could
not be weighed. All patients gave their written informed
consent to participate in the study. The administered radio-
therapy (RT) was primary, adjuvant to surgery, combined
with chemotherapy, or palliative in intent.

For this study, data were recorded in individual forms
preconstructed for statistical analysis. For every patient, be-
fore RT planning the medical staff registered the following:
clinical variables, recent medications and chemotherapy,
duration of the disease (the majority, 31%, was diagnosed
in the decade of 60—69 years), cancer location, presence of
distant metastases, tumor burden according to TNM classi-
fication of malignant tumors [20, 21] as determined by local
and whole-body imaging methods, and cancer histology
[22]. The duration of the histologically proven disease was
defined as the length of time (in months) between compat-
ible symptomatic manifestations and study entry. Tumor
histological aggressiveness was classified according to cell
differentiation: 1 = well differentiated, 2 = moderately dif-
ferentiated, and 3 = poorly differentiated or undifferenti-
ated [22]. For the study of potential associations and
statistical analyses on differences in cancer histology and
relations with clinical and/or nutritional parameters, pa-
tients were clinically grouped in 2 grades of cancer aggres-
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siveness: grade 1 (low aggressiveness) versus grades 2+3
(high aggressiveness).

Nutritional Parameters

All measurements were taken in the morning from fasting
patients who were shoeless and wearing lightweight cloth-
ing. At the onset of RT, nutritional status assessment was
performed by trained research dietitians (C.C. and M.C.) as
described. (a) Recent weight changes during the previous 6
months were documented. (b) Anthropometric data were
collected. Weight was determined using a SECA floor scale
with an incorporated stadiometer to measure height.
Weight and height were then used to calculate body mass
index (BMI; weight [kg]/height [m?]), which was further
classified according to the World Health Organization’s
age- and sex-adjusted criteria as undernourished if <18.5
kg/m?, normal weight if 18.5 to 24.9 kg/m?, overweight if
25 t0 29.9 kg/m?, and obese if =30 kg/m?* [23]. (c) Patient-
Generated Subjective Global Assessment (PG-SGA) is a
validated and specific nutritional assessment tool for oncol-
ogy [24, 25] that addresses (i) percentage of weight loss in
the previous 6 months, symptoms (anorexia, nausea, con-
stipation, mucositis, vomiting, diarrhea, xerostomia, pain),
alterations in food intake, and functional capacity; (ii) com-
ponents of metabolic stress: sepsis, neutropenic or tumor
fever, and corticosteroids, and (iii) physical examination:
subcutaneous fat (triceps skinfold and in the midaxillary
line at the lower ribs level), muscle bulk and tone in the tem-
poral, deltoid, and quadriceps areas, ankle/sacral edema, or
ascites. A value is given to each parameter whose total pro-
vides a score or category of nutritional status and an indi-
cation for individualized nutritional intervention and
nutrition care plan. PG-SGA classifies the patients’ nutri-
tional status in three degrees: adequate, moderate undernu-
trition, or severe malnutrition [24].

Statistical Analysis

Statistical analysis was conducted using SPSS 14.0 (SPSS
Inc, Chicago, IL). Patient age was expressed as number and
percentage, median and SD; cancer location, staging, his-
tology, recent weight changes, functional ability, and nutri-
tional status categories were expressed as number and/or
percentage. BMI values were also expressed as a numerical
variable as appropriate. Categorical variables were com-
pared with the chi-square test. Bivariate correlations and
Spearman correlation coefficient with 2-tailed test of sig-
nificance assessed correlations. Mann-Whitney U test was
used to evaluate associations between parameters of nutri-
tional status and clinical variables. Between-group compar-
isons were performed by one-way analysis of variance for
continuous variables, with Bonferroni or Dunn adjustment
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for multiple comparisons. A concordance analysis using the
kappa coefficient was calculated to measure the rate of
agreement between methods of nutritional status assess-
ment. A multivariate general linear model was used to iden-
tify variables that could be significantly related to
nutritional status. All associations and correlations were ad-
justed for potentially confounding variables (e.g., age, sex,
and number of patients). Values of p = .05 were considered
statistically significant.

RESULTS

Patient Characteristics

This study included 450 patients (269 males and 181 fe-
males) with a median age (£ SD) of 62 *= 13 (range, 18—
95) years. Table 1 shows patient diagnoses and tumor
stages; breast cancer was the most prevalent (21%) fol-
lowed by cancer of the prostate (19%) and lung (16%).
Overall, stage IV was the most prevalent, in 44% of patients
(p < .04); most were in an advanced stage (III/IV) versus
stages I/IT (p = .001).

Regarding cancer aggressiveness, 83% (n = 371) of pa-
tients had aggressive tumors (histological grades 2+3). Ag-
gressive histologies were found in all diagnoses, although
more often in cancers of the breast, prostate, colon-rectum,
lung, stomach, and the “others” group (p = .001), Figure 1.

Nutritional Status
BMI allows the identification of malnutrition by excess; as
a consequence the majority of the patients (n = 282, 63%)
were classified as =25 kg/m”: 43% of whom had excess
body weight and 20% of whom were obese. Undernutrition
(BMI <18.5 kg/mz) was seldom observed (4%, n = 17),
and 33% (n = 151) had an adequate nutritional status (Fig. 2).
PG-SGA, validated in oncology to identify malnutrition
by deficit, categorized 131 (29%) patients as moderately/
severely undernourished, most of whom had lung or colo-
rectal cancer; 319 (71%) patients were classified as well
nourished (Figure 3). We then used BMI to classify the 319
PG-SGA well-nourished patients according to the PG-
SGA: 75% (n = 238/319) of the PG-SGA well-nourished
patients had excess body weight/obesity based on BMI and
the remaining only 25% (n = 81) had an adequate nutri-
tional status. A concordance analysis was performed to
confirm consistency of evaluations by both methods: BMI
and PG-SGA showed a significant agreement (kappa coef-
ficient = 0.52, p < .01).

Overweight /Obesity Versus Undernutrition
The prevalence and/or relations between clinical/cancer
variables and patients’ nutritional status categorized by
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Table 1. Patients’ diagnoses and tumor stage
Stage (n)

Cancer types
and diagnoses Total I I 111 v
Breast 94 25 19 13 35
Prostate 86 0 43 11 31
Lung 73 5 1 23 43
Colorectal 61 0 16 29 14
Head and neck 34 7 4 2 20
Brain 21 0 2 7 4
Lymphoma 16 1 2 0 1
Gynecologic 12 3 3 1 5
Stomach 11 2 1 4 4
Esophagus 7 0 0 3 2
Others?® 35 0 1 0 21
n = number of patients; the total may not equal the sum
of numbers in each stage because of lack of data in
patients’ records (all statistics were adjusted accordingly).
“Others included multiple myeloma, sarcoma, leukemia,
thymoma, meningioma, plasmocytoma, melanoma,
cancer of the bladder, kidney, or pancreas, or occult
primary tumor metastases.

60

O 1-well differentiated

50 4 [@ 2-moderately differentiated

B 3-poorly differentiated

Number of patients

Figure 1. Cancer histology according to diagnoses. *Others
included multiple myeloma, sarcoma, leukemia, thymoma,
meningioma, plasmocytoma, melanoma, cancer of the blad-
der, kidney, or pancreas, or occult primary tumor metastases.

both methods were analyzed by multivariate correlation or
association analyses, always adjusted for multiple poten-
tially confounding factors.

Advanced stage (III/IV) was significantly more preva-
lent among overweight/obese patients according to BMI
(97%; versus 69% of undernourished patients by PG-SGA;
p <.003).

Figure 4 shows the distribution of patients according to
BMI and cancer histological grades. The right upper third
of the figure has a significantly higher density of patients
because of the higher number of patients who accumulate
both characteristics: excess body weight/obesity and more
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B excess body weight or obesity

O well nourished

B undernourished

Number of patients

Figure 2. BMI nutritional status by diagnoses.

*QOthers included multiple myeloma, sarcoma, leukemia, thy-
moma, meningioma, plasmocytoma, melanoma, cancer of the
bladder, kidney, or pancreas, or occult primary tumor metastases.
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Figure 3. PG-SGA nutritional status (A, B, or C) by diag-
noses.

*Qthers included multiple myeloma, sarcoma, leukemia, thy-
moma, meningioma, plasmocytoma, melanoma, cancer of the
bladder, kidney, or pancreas, or occult primary tumor metastases.

aggressive cancers (grades 2+3). Using multivariate anal-
ysis of variance adjusted for the number of patients in each
histological grade, thus correcting for small groups, over-
weight/obese patients had more aggressive cancers versus
low aggressive cancers (grade 1), p < .002; the latter were
mostly observed in patients with an adequate BMI, p < .05.

Figure 5 clarifies the distribution of patients when cate-
gorized by PG-SGA, thus emphasizing undernutrition, and
its relation to histological aggressiveness.

Using a multivariate analysis of variance adjusted for
the number of patients in each histological grade group and
in each category of PG-SGA nutritional status, thus correct-
ing for small numbers, severe or moderately undernour-
ished patients (n = 111) showed a higher prevalence of
more aggressive cancers than well-nourished patients (n =
260), p < .05; just 4 severely undernourished patients had
low aggressive (well-differentiated) cancers.

Therefore, more aggressive cancers were more prev-
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Nutritional status: BMI (kg/m?)

Figure 4. Patients’ distribution according to BMI and can-

cer histological grades (1 = well differentiated; 2 = mod-

erately differentiated; 3 = poorly differentiated); © = one

patient.
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140 4 8 B - moderately undernourished

B C - severely undernourished
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Figure 5. Patient nutritional status by the PG-SGA (A, B, or
C) distributed according to histological grades (1 = well dif-
ferentiated; 2 = moderately differentiated; 3 = poorly differ-
entiated).

3- poorly differentiated

alent in the two extremes of nutritional status, by deficit
or excess: in 83% of the patients with overweight/obesity
(n = 235/282) and in 85% of undernourished patients
(n = 111/131). However, this apparent discrepancy
needs to account for cancer location; data were thus fur-
ther analyzed after correcting for the diagnoses. As a re-
sult, higher histological aggressiveness was found in
overweight/obese patients with prostate and breast can-
cers, whereas the association between more aggressive
cancers and undernutrition was significant for patients
with cancers of the lung, colon-rectum, head-neck, stom-
ach, or esophagus (p < .005). The remaining diagnoses
could not be included in the analysis because of the small
number of patients.

In addition, a general linear model that included nutritional
status and disease-related variables was created to calculate
the estimates of effect size and respective statistics; results are
shown in Table 2. Higher histological aggressiveness, loca-
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tion, and advanced stage and duration of the cancer and older
age were all significantly associated with overweight/obesity
and undernutrition, but with different relative weights and dif-
fered according to diagnoses. Overweight/obesity was signif-
icantly associated with more aggressive breast and prostate
cancers, whereas undernutrition was significantly associated
with more aggressive cancers of the lung, colon-rectum, and
head-neck. Moreover, age and longer duration of the disease
contributed more significantly to undernutrition than to over-
weight or obesity (p < .007).

Of clinical relevance are patients’ weight changes.
Weight loss =5% in the previous 6 months was registered
in 101 (33%) patients; 73 were undernourished by the PG-
SGA, yet the remaining 28 patients, although classified as
well nourished by PG-SGA, were overweight/obese ac-
cording to BMI. Of note, all patients losing weight had
more aggressive cancers of the colon-rectum, lung, head-
neck, stomach, or esophagus. On the other hand, weight
gain in the previous 6 months was registered in 117 pa-
tients, on average 7% * 8% (range, 1%—60%). Among
these, 21 were on hormonal therapy, the great majority had
excess body weight/obesity (n = 85; 73%), and most had
breast or prostate cancer.

DISCUSSION

Besides the recognition of the multiplicity of nutritional sta-
tus in cancer, this study provides novel detailed information
about the prevalence of overweight/obesity in cancer; thus,
the often reported assertion that 8% to 84% of the patients
would suffer from undernutrition throughout the disease
course [4, 11, 12] is now strengthened and clarified.

Until now, the majority of studies about nutritional sta-
tus and cancer have focused on nutritional deficit/undernu-
trition because of its negative impact on treatment,
recovery, hospital stay, prognosis, and quality of life [5-7,
26-28]. Notwithstanding, various studies continue to cre-
ate a consistent body of evidence that shows that obesity in
cancer may have serious negative impact in disease treat-
ment, recurrence, prognosis, and survival [16,29-36]. Cur-
rently, we clearly have opposite sides of the same coin.
Furthermore, at present, excess body weight and obesity
have a crescent incidence worldwide and have been identi-
fied as a major risk for cancer development [10, 15]; recent
data show that the number of cancers attributed to excessive
weight were 124,050 in 2008, and will likely to show an in-
crease every year [37].

This cross-sectional study in 450 cancer patients with
diverse diagnoses showed a high prevalence of an inade-
quate nutritional status. According to BMI and PG-SGA,
malnutrition by excess was more prevalent than malnutri-
tion by deficit, 63% and 29%, respectively. Those two
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Results from general linear model analysis

Table 2. Interrelationships and estimates of effect size (relative weights) of disease-related variables on nutritional status:

Overweight/obesity (BMI)

Undernutrition (PG-SGA)

Estimates of

Estimates of

Variable F test effect size® (%) )4 F test effect size” (%) P
Cancer histology 110 35 .0001 107 33 .0002
Cancer stage 66.2 24 .003 56.5 19 .009
Age 27 10 .01 38 14 .01
Duration of the disease 25 8 .04 38 14 .01
Breast cancer® 52 10 .007 4 1 NS
Prostate cancer® 51 9 .007 4 1 NS
Lung” 5 1 NS 49 6 .008
Colorectal® 4 1 NS 47 6 .008
Head-neck® 4 1 NS 48 6 .008

model.

Columns denote dependent variables, rows are independent variables; nutritional status by excess (overweight/obesity) and
by deficit (undernutrition) was linearly transformed and grouped to obtain global values before inclusion in the analytical

*The sum of percentages may not equal 100% because of the corrected error size.

Diagnoses with a significant number of patients were included in the model. Analyses were sex adjusted because of
influences of sex in specific diagnoses; Bonferroni/Dunn adjustment was used for analysis.
Abbreviations: BMI, body mass index; PG-SGA, Patient-Generated Subjective Global Assessment.

methods complement one another: classification of exces-
sive weight and therefore malnutrition by excess with BMI,
whereas PG-SGA identifies the patients who are under-
nourished or at risk of undernutrition and the items that
have the most impact on nutritional deterioration. Hence, in
oncological clinical practice, an accurate nutritional status
classification requires both methods to better characterize
patients, establish priorities, and individualize care plans.

In addition, from a mechanistic and pathological per-
spective, this study provides novel evidence on potential
interactions between patients’ nutritional depletion or
excessive fat and the cancer histological signature. Our re-
sults suggest that aggressive cancers (moderate and poorly
differentiated) were more prevalent in patients with one or
the other extreme of nutritional status: excess body weight/
obesity and undernutrition. Furthermore, and in agreement
with a previous study of our group in colorectal cancer [38],
weight loss was significantly greater and undernutrition
more prevalent in patients with moderately/poorly differen-
tiated versus well-differentiated cancers. Similar results
have been observed in patients with lung and head-neck
cancer [4, 6, 7,39-42]. Age and longer duration of the dis-
ease were shown to be contributing factors that signifi-
cantly aggravated undernutrition.

In contrast, and in agreement with international evi-
dence, in two recent papers we did show an alarming prev-
alence of excessive weight and fat mass among prostate and
breast cancer patients [43, 44], data again substantiated by

the present study. Moreover, our analysis using a complex
general linear model constructed with nutritional and dis-
ease-related variables exposed that overweight/obesity was
significantly associated only with more advanced, aggres-
sive breast and prostate cancers; age and longer duration of
the disease were also significant contributing factors for
more aggressive tumors. Our results are in line with other
data depicting the role of excessive weight on histological
aggressiveness of breast and prostate cancers [33]. Obesity
in men is associated with reduced testosterone, which may
increase the risk of developing more aggressive tumors
with higher risk of biochemical recurrence and of cancer-
specific death after radiotherapy [33]; furthermore, obese
men undergoing radical prostatectomy had higher-grade,
more aggressive, and larger tumors [45, 46]. In breast can-
cer, body fat influences sex hormone—-binding globulin
availability known to increase free estradiol concentrations,
then more available to enter cells [47, 48]. Obesity is rec-
ognized to increase cancer risk by modifying the production
of sex and metabolic hormones also produced by adipose
tissue [49, 50].

Although conscious of the limitations of our study, be-
cause it does not measure actual body composition, the de-
gree of depletion, and/or excess of body compartments, our
results do show that both undernutrition and overweight/
obesity have very distinct implications and associations in
cancer; the relevance of either one varies according to the
diagnoses. Although BMI and PG-SGA are global assess-
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ment methods, thus potentially influenced by clinical pa-
rameters, both are easy to use in the clinical setting. They
provide valuable information on the patients’ global condi-
tion and both are validated and have been categorized ac-
cording to the most appropriate standards.

CONCLUSION

Our results show that there is a likely relation among nutri-
tional status, disease aggressiveness, and consequent asso-
ciation with prognosis. When addressing tumor-host
interactions, each tumor may have a specific metabolic ac-
tivity interacting with the host metabolism, in which body
composition appears relevant. Based on our results, we can
speculate that individualized tumor metabolism may dictate
tumor burden and undernutrition [51], whereas overweight/
obesity appears to influence tumor metabolism. These data
become even more relevant when we acknowledge that pa-
tients identified as obese are highly likely to have depleted
muscle mass, thus presenting sarcopenic obesity; this clin-
ical condition, shown to be more likely in men =65 years
old with colorectal cancers, was associated with poorer per-
formance status and decreased survival. Lean body mass of
these obese patients was comparable with very underweight
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or emaciated patients [17]. Another study in breast cancer
showed that 25% of patients were sarcopenic, and this fea-
ture was seen in normal weight, overweight, and obese pa-
tients [18]. Malnutrition, whether by deficit or excess, and
because of its major negative impact on treatment, progno-
sis, and quality of life, is always a decisive factor in the
overall treatment of cancer patients.
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