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Background: The prevention and management of malnutrition is increasingly recognised as a significant
element of cancer care. By identifying and comparing cancer malnutrition in two large cross-sectional
cancer populations, this study aims to provide a greater understanding of clinical characteristics and
trajectories relating to cancer malnutrition.

Keyword.s{ Methods: A multi-centre point prevalence study was conducted in Victoria, Australia at two time points
\]\//lval,mlirlmo“ (March 2012, May 2014). Adults with cancer receiving ambulatory chemotherapy, radiotherapy and
Cheziloth()esrsel y multi-day inpatients were included. The presence of malnutrition was determined using Patient
Cancer treatrp;wnt Generated-Subjective Global Assessment (PG-SGA). Demographic, clinical information and 30-day out-
Outcomes comes were collected.

Results: The study included 1677 patients in 2012 (17 sites) and 1913 patients in 2014 (27 sites). Older
age, >5% weight loss, hospital admission and metastatic disease were factors significantly associated
with malnutrition. Patients with upper gastrointestinal, head and neck and lung cancers were more
likely to be malnourished. Malnutrition was associated with infection and poor outcomes at 30-days.
Malnutrition prevalence reduced from 31% in 2012 to 26% in 2014 (p = 0.002). This reflects a reduction in
patients with malnutrition receiving ambulatory chemotherapy, those with upper gastrointestinal or
colorectal cancers and those residing in regional areas.
Conclusion: The study has provided a comprehensive description of cancer malnutrition prevalence
representative of all treatment settings, tumour types and stages of disease. This provides valuable
insight into cancer malnutrition enabling oncology services to identify opportunities to embed identi-
fication and prevention strategies into models of care, resulting in improved patient outcomes and
reduced health care costs.

© 2018 Elsevier Ltd and European Society for Clinical Nutrition and Metabolism. All rights reserved.

1. Introduction

In 2012, the global incidence of cancer reached 14.1 million new
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cases, while 32.6 million people were living with a cancer diagnosis
[1]. Cancer treatment is often associated with significant acute tox-
icities that negatively impact on the ability to achieve an adequate
nutritional intake with a subsequent increased risk of malnutrition.
Malnutrition due to starvation, disease or ageing has been defined as
“a state resulting from lack of uptake or intake of nutrition leading to
altered body composition (decreased fat free mass) and body cell
mass leading to diminished physical and mental function and
impaired clinical outcome from disease [2]. International evidence
based guidelines highlight the severe negative impact on patient
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outcomes, including reduced survival, increased health care costs
and recognise malnutrition as a significant supportive care need
[3—5]. Understanding the magnitude of the problem and in which
groups the greatest need exists is a vital step toward the recognition
and management of cancer malnutrition.

Cancer patients have one of the highest prevalence of malnu-
trition [6]. Cross-sectional and point prevalence studies using a
variety of malnutrition assessment techniques, across various
oncology populations have been undertaken in a number of
countries [7—10]. These studies have largely focused on particular
patient populations including patients with advanced cancer or
those in the inpatient or ambulatory setting.

The Patient Generated-Subjective Global Assessment (PG-SGA)
is a standardised tool for assessing nutritional status [11] and has
been validated as having the ability to detect patients with
malnutrition in oncology settings [12,13]. It has also widely used in
other studies of malnutrition in cancer populations [10,14—16].

There is currently a lack of data regarding malnutrition preva-
lence in patients undergoing active cancer treatment across all
treatment settings, tumour types and disease stage. This study
aimed to identify and compare the prevalence of cancer malnutri-
tion at two time points for both inpatients admitted for cancer
related care and ambulatory patients receiving chemotherapy and/
or radiotherapy.

2. Methods and measures
2.1. Study design and setting

This prospective multi-centre point prevalence study was con-
ducted in public and private health services across the state of
Victoria, Australia at two time points, March 2012 and May 2014.
Seventeen sites participated in 2012, which represented greater
than 70% of the cancer treatments delivered in the state, and
included the highest volume cancer services in metropolitan and
regional Victoria. In 2014 the study was conducted in a total of 27
sites, all original sites and 10 additional sites.

During a common two-week period at each time point,
participating health services collected data for multi-day in-
patients, ambulatory radiotherapy patients and chemotherapy day
patients. Dietitians employed at each of the health services
completed data collection. All dietitians received standard training
regarding data collection methods at both time points.

2.2. Participants

Eligible participants were patients aged 18 years and over:
admitted to hospital for a cancer treatment or related management
as a multi-day stay; ambulatory patients attending for radio-
therapy; or day-only admission to receive an intravenous (IV)
chemotherapy agent. Chemotherapy treatments included cancer-
suppressing agents including all cytotoxic agents, hormonal and
biological therapies, but not supportive treatments such as blood
transfusions and bi-phosphonates.

Patients were excluded if attending for ambulatory medical
appointment only or other day procedures; undergoing in-
vestigations without a confirmed cancer diagnosis; end-stage dis-
ease (less than 30 day life expectancy); if admitted to hospital for
medical management unrelated to their cancer treatment; where
participation was deemed too burdensome by nursing staff, data
collector or at the patient's request; or when patients were unable
to give consent.

Ethics approval was granted at each individual health service
and all patients gave verbal consent to participate. All measures
selected were those commonly used in clinical practice and reflect

the information collected within standard care. No additional tests
or investigations were requested.

2.3. Measures

2.3.1. Demographic and clinical data

Demographics (age, gender, location of usual residence, living
arrangements), site of primary malignancy, presence of distant
metastatic disease, and modality of current cancer treatment were
collected.

The presence of two complications linked to nutritional status
were collected on the study day for inpatients only; use of antibi-
otics as a marker of the presence of a current infection (excluding
those for prophylaxis), and the presence of a hospital acquired
pressure ulcer.

2.3.2. Malnutrition screening

Dietitians screened for malnutrition risk using the Malnutrition
Screening Tool (MST) [17,18] which has been validated in oncology
settings [ 19,20]. The MST consists of two questions regarding recent
unintentional weight loss and appetite. An MST score of 2 or greater
indicates risk of malnutrition.

2.3.3. Nutrition assessment

No further nutritional assessment was completed for patients
not at-risk of malnutrition (MST <2) and they were considered to
be well nourished. Participants identified as at risk of malnutrition
(MST >2) were assessed using the Patient Generated-Subjective
Global Assessment (PG-SGA). The PG-SGA consists of two sec-
tions: (1) a patient reported component assessing weight loss, di-
etary intake, symptoms and functional status, and (2) a clinician
determined section assessing metabolic demands and a physical
examination of subcutaneous fat loss, muscle wasting and oedema.
The PG-SGA generates a score and a global rating (A - well nour-
ished; B — mild to moderately malnourished; C - severely
malnourished). Patients were defined as malnourished if they were
assessed to be PG-SGA category B or C.

2.3.4. Anthropometry

Weight and height were recorded using usual equipment within
each hospital and used to calculate Body Mass Index (BMI, kg/m?),
the healthy weight range was adjusted for older adults.’

2.4. Outcomes

Thirty days after the study day, dietitians collected length of
stay, planned or unplanned multi-day inpatient admissions to the
same hospital within this period and mortality data from the
electronic medical record at each hospital. Length of stay was
defined as the duration of stay from admission to discharge, or from
admission to the day of the study plus 30 days if still in hospital.

2.5. Statistical analysis

Data analysis was completed using STATA version 13.1 (Stata-
Corp LP). Statistical significance is reported at a two-sided p-value

5 BMI (kg/m?) weight ranges were adjusted based on age [21].

18-64 years >65 years
Underweight <18.5 <22
Healthy Weight Range 18.5—24.9 22—-26.9
Overweight 25-29.9 27-29.9
Obese >30 >30
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of 0.05. Descriptive statistics for overall group related to each
variable has been presented as mean (standard deviation) or
median [inter-quartile range] proportions. Univariate analysis of
odds ratio (OR) with a two-sided level of significance was deter-
mined for each categorical variable using chi-squared test. This is
reported with the 95% confidence interval (CI), and level of sig-
nificance (p-value).

A multivariate logistic regression analysis was carried out in
order to identify independent risk factors for malnutrition. As no
change in the associations between the variables and malnutrition
were expected, data from both time points was grouped. A stepwise
regression model was used and odds ratios (OR) with 95% confi-
dence intervals (CI) were calculated. Variables that remained sig-
nificant at the 0.05 levels are presented.

3. Results

A total of 1677 participants were included in 2012 and 1913 in
2014. The flow of participants is described in Fig. 1.

Participant characteristics were similar across both study
groups, with details described in Table 1.

3.1. Overall malnutrition prevalence at each time point

Overall malnutrition prevalence was 31% (519/1677) in 2012 and
26% (501/1903) in 2014. This reduction in malnutrition prevalence
between the two time points is statistically significant (p = 0.002).
The proportion of well nourished, mild to moderate and severely
malnourished patients at each time point is presented in Fig. 2.

3.2. Factors associated with malnutrition

At both time points, malnutrition was significantly associated
age greater than 64 years, being underweight, weight loss >5 per
cent of usual weight, being an admitted to hospital, and the pres-
ence of metastatic disease (Table 2). Male gender was associated
with malnutrition in 2012 only. Living alone and treatment in a
metropolitan hospital were associated with malnutrition in 2014
only. Factors statistically significantly associated with a lower
prevalence of malnutrition were treatment with radiotherapy only
and being overweight or obese. Due to the strongly significant
difference seen by patient type (admitted or day-only), a

multivariate analysis was undertaken for each of these subsets
(Table 3). The factors independently associated with malnutrition
for both groups were weight loss >5 per cent and metastatic dis-
ease. Chemotherapy and combined radiation-chemotherapy treat-
ments also had an independent association with malnutrition in
the ambulatory subset.

3.3. Malnutrition prevalence by tumour streams (Fig. 3)

The prevalence of malnutrition based on tumour type ranged
from 62% in upper gastrointestinal cancer (2012) to 13% in breast
cancer (2014). The tumour streams associated with the highest
prevalence of malnutrition were upper gastrointestinal, head and
neck, lung, haematological, gynaecological and colorectal. In the
multivariate analysis, an upper gastrointestinal tumour was inde-
pendently associated with malnutrition for both subsets of pa-
tients. Head and neck, lung, haematological and colorectal cancers
were independently associated with malnutrition in ambulatory
patient subset.

3.4. Changes in malnutrition prevalence between the two time
points

No factor was associated with a statistically significant increase
in malnutrition prevalence between the two study points. A sta-
tistically significant reduction in malnutrition was seen for patients
receiving ambulatory treatments (OR 0.7, 95% CI 0.62—0.89,
p < 0.001) or receiving chemotherapy only (OR 0.62, 95% CI
0.5—0.75, p < 0.0001); with colorectal (OR 0.64, 95% CI 0.4—0.9,
p = 0.015) or upper gastrointestinal tumours (OR 0.6, 95% CI
0.4—0.9, p = 0.0246), the presence of metastatic disease (OR 0.66,
95% CI 0.53—0.84, p < 0.001) and in those aged greater than 64
years (OR 0.75, 95% CI 0.61-0.92, p = 0.005).

The overall number of patients being treated in regional sites
had statistically increased in 2014 compared to 2012 (25% vs 29%
p = 0.008). There was a reduction in malnutrition in patients whose
usual residence was outside the metropolitan areas (OR 0.58, 95% CI
0.45—0.74, p < 0.001) or at regional treatment centres (OR 0.49, 95%
CI 0.36—0.66, p < 0.001). There was no change in prevalence of
malnutrition at metropolitan sites. No difference was seen in the
malnutrition prevalence between new (24%) and original sites
(26.5%) in 2014 (p = 0.455).

2012 2014
Assessed for eligibility Assessed for eligibility
n= 2087 n= 2508

Excluded

* Not meeting inclusion criteria n=41

* Participation deemed too burdensome n=107
* Missed n=105

* Unable to give consent n=91

* Declined to participate n=65

4

Excluded

* Not meeting inclusion criteria n=118

* Participation deemed too burdensome n=142
* Missed n=123

* Unable to give consent n=101

* Declined to participate n=87

Data Collection
n= 1678

J

Data Collection
n= 1937

Excluded from analysis
No nutrition assessment n=1

y
Final Final
n= 1677 n= 1913

Excluded from analysis
No nutrition assessment n=24

h

Fig. 1. Flow of participants.
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Table 1
Characterises of study groups compared.
2012 2014 P value
n= 1677 n=1913
N (%) N (%)
Gender
Male 822 (49.0) 917 (47.9) 0.07
Female 855 (51.0) 996 (52.1)
Age
Mean + SD years 62.8 + 135 62.5 +13.8
18—49 years 264 (15.7) 314 (16.4)
50—64 years 570 (33.8) 670 (35.1) 0.52
65—79 years 689 (41.1) 745 (39.0) 0.19
> 80 years 154 (9.2) 182 (9.5) 0.73
Social supports
Living with family/carer 1329 (79.3) 1538 (80.4)
Living alone 329 (19.6) 360 (18.8) 0.51
Residential care 18 (1.1) 11 (0.6) —
Unknown 1(0.1) 4(0.2) -
Location of usual residence
Metropolitan 1015 (61.5) 1172 (61.3) 0.31
Regional 400 (23.8) 367 (19.2) <0.001
Rural 250 (14.9) 367 (19.2) <0.001
Interstate 12(0.7) 7(04) -
Body Mass Index (BMI) kg/m?
Mean [IQR] 25.9 [22.7-29.5] 26.8 [23.7-30.1]
Underweight 225 (134) 184 (9.6) <0.01
Healthy weight 618 (36.8) 723 (37.7) 0.56
Overweight 444 (26.3) 505 (26.4) 0.96
Obese 376 (22.4) 488 (25.5) 0.03
Unknown 14 (0.8) 13 (0.7) —
Recent weight loss
< 5% 1406 (83.8) 1481 (77.4)
> 5% 267 (15.9) 235(12.3) 0.06
Unknown 4(0.2) 197 (10.3)
Nutritional Status (PG-SGA category)
Not at-risk of Malnutrition (MST<2) 1069 (63.7) 1290 (67.4) 0.02
Well Nourished SGA-A 89 (5.3) 122 (6.4) 0.17
Suspected-Mild Malnutrition SGA-B 444 (26.5) 418 (21.9) <0.01
Severe Malnutrition SGA-C 75 (4.5) 83 (4.3) 0.85
Type of cancer
Breast 330 (19.6) 413 (21.5) 0.15
Colorectal 312 (18.6) 291 (15.2) <0.01
Genitourinary 171 (10.2) 155 (8.1) 0.03
Gynaecological 66 (3.9) 74 (3.9) 0.92
Haematological 294 (14.5) 342 (17.9) 0.79
Head & neck 110 (6.5) 117 (6.1) 0.59
Lung 140 (8.4) 187 (9.8) 0.14
Skin & melanoma 85 (5.1) 64 (34) 0.01
Upper gastrointestinal® 143 (8.5) 188 (9.8) 0.18
Other” 76 (4.5) 82 (4.3) 0.72
Presence of metastatic disease
Yes 599 (35.7) 774 (40.5) 0.04
No 1078 (64.3) 1139 (59.5)
Current treatment
Surgery 120 (7.2) 85 (44) <0.001
Chemotherapy 888 (52.9) 1129 (59.0) <0.001
Radiotherapy 463 (27.9) 463 (24.2) 0.02
Chemo-radiotherapy 131 (7.8) 133 (6.9) 0.33
No treatment 75 (4.5) 103 (5.4) 0.21
Type of admission
Admitted/Inpatients 337 (20.1) 350 (18.3) 0.17
Day only patients 1340 (79.9) 1563 (81.7)
Location of treating hospital
Metropolitan 1254 (74.8) 1355 (70.8) <0.01
Regional 423 (25.2) 558 (29.2)

Level of significance is p = 0.05 for all results.
¢ Upper gastrointestinal included endocrine & thyroid tumours.
b Other includes, central nervous system, bone and soft tissue, thoracic or other abdominal tumours and secondary tumours with unknown primary.

3.5. Complications and 30-day outcomes nourished patients; in 2012 this was 20.1 (+16.5) vs 14.8 (+11.3)
days, p = 0.002 and 21.9 (+18.0) vs 18.9 (+24.5) days, p = 0.2332 in
Malnourished inpatients were twice as likely to be receiving 2014. Malnutrition also increased the likelihood of readmission and
antibiotics for a current infection at both time points (Table 4). death within 30-days (Table 4).
Malnourished inpatients had a longer length of stay than well-
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2012

2014

0% 10% 20% 30% a0% 50% 60% 70% 80% 90% 100%
¥ Not at risk of MST<2 = ell SGA-A ¥ Suspected-mild malnutrition SGA-8 W Severe malnutrition SGA-C
Fig. 2. Overall nutritional status of groups at the two time points.
70 2012
n

61% 2014
60
50
40
30

20

10 1

0 +—

Head & Neck Lung

Upper Haematological

Gastrointestinal

Colo-rectal

Gynaecological Other Genitourinary Breast

Fig. 3. Malnutrition prevalence by tumour type at the two time points. * Upper gastrointestinal included endocrine & thyroid tumours. * Other includes, central nervous system,
bone and soft tissue, thoracic or other abdominal tumours and secondary tumours with unknown primary.

4. Discussion

This unique study conducted at two-time points, reports for the
first time the prevalence and factors associated with cancer
malnutrition from a population which is representative of all
treatment settings, tumour types and stages of disease. Overall
malnutrition prevalence was 31% in 2012 and 26% in 2014. This
overall prevalence is lower than results reported in previous cross
sectional populations, including the 2014 study of 1903 patients
attending French hospitals [22], the 2005 Spanish study of 741
patients with advanced disease [10] and a smaller Australian study
in chemotherapy patients [14].

Previous studies of malnutrition in general hospitalised pop-
ulations have identified oncology patients to be at least 1.5 times
more likely to be malnourished and report malnutrition prevalence
in this group as 38—48% [6,22]. Malnutrition prevalence amongst
inpatients was 56% at both time points. These results are higher
than the results from French studies which report malnutrition
prevalence as 44% [22] and 33% [23] for hospitalised patients and
lower than the results from previous Australian studies [13,14]
where the prevalence of malnutrition has been reported to be as

high as 75%. This discrepancy may be explained by differences in
the representation of patients from different tumour types, cancer
treatments and stage of disease and differences in the method of
assessing malnutrition. Additionally, enhanced standardisation in
the management of malnutrition has occurred in Australia in the
past decade with the introduction of national practice guidelines
[24] and accreditation standards [25]. The prevalence of malnutri-
tion in inpatients may possibly be higher than reported; as anec-
dotally it was observed that inpatients excluded due to the burden
of participation frequently appeared malnourished. It is not
possible to confirm this as these patients were too unwell to con-
sent to the study and no data collected.

The majority of cancer malnutrition studies have been under-
taken in ambulatory cancer patient populations [9,20,26—31]. These
studies have reported the malnutrition prevalence between 17 and
65%. Differences can be explained by the use of a risk assessment
rather than a tool to definitively diagnose malnutrition [26], regional
setting [29], small sample size [20] and age of the study cohort[31]. A
small number of studies have focussed on patients receiving radio-
therapy only, these report malnutrition rates of 11% of all patients
[19] and 30% for those with high nutrition risk tumours [9,32].
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Table 2
Factors associated with malnutrition prevalence at each time point (univariate analysis).
2012 2014
% MN Odds Ratio 95% CI P value % MN 0Odds Ratio 95% CI P value
Gender
Male 344 14 1.1-1.7 0.002 279 1.2 1.0-1.5 0.01
Female 274 1.0 (ref) 24.6 1.0 (ref)
Age
<65 years 27.0 1.0 (ref) 238 1.0 (ref)
> 65 years 349 1.5 1.2-1.8 <0.001 28.7 13 1.0-1.6 0.02
Social supports
Living with family/carer 30.0 1.0 (ref) 25.1 1.0 (ref)
Living alone 353 13 1.0-1.7 0.06 30.8 13 1.0-1.7 0.02
Location of usual residence
Metropolitan 299 1.0 (ref) 28.8 1.0 (ref)
Regional 320 1.1 09-14 043 234 0.8 0.6—1.0 0.05
Rural 344 1.2 09-1.6 0.16 20.7 0.6 0.5-0.9 0.003
Body Mass Index (BMI) kg/m?
Underweight 59.2 2.8 2.0-3.8 <0.001 52.2 2.24 1.6-3.1 <0.001
Healthy weight range 34.6 1.0 (ref) 32.8 1.0 (ref)
Overweight/obese 20.4 0.48 0.4-0.6 <0.001 16.6 0.41 0.3-0.5 <0.001
Weight loss
<5% 20.1 1.0 (ref) 19.3 1.0 (ref)
>5% 88.8 31.6 21.1-47.0 <0.001 91.1 42.6 26.5-71.3 <0.001
Current treatment
Radiotherapy 16.6 1.0 (ref) 179 1.0 (ref)
Chemotherapy 32.6 24 1.8-3.2 <0.001 23.0 14 1.0-1.8 0.03
Chemo-radiotherapy 389 3.2 2.1-49 <0.001 36.8 2.7 1.7-4.1 <0.001
Surgery 47.5 4.5 29-7.0 <0.001 44.7 3.7 2.3-6.0 <0.001
No treatment 58.7 7.1 4.2-12.0 <0.001 68.9 10.2 6.3-16.4 <0.001
Presence of metastatic disease
Yes 39.6 1.8 1.5-2.3 <0.001 304 14 1.2-1.8 <0.001
No 26.2 1.0 (ref) 234 1.0 (ref)
Type of admission
Inpatient 56.7 4.0 3.1-5.2 <0.001 56.6 5.4 4.2-7.0 <0.001
Ambulatory/day-only patients 24.5 1.0 (ref) 194 1.0 (ref)
Location of treating hospital
Metropolitan 30.7 0.96 0.8—1.2 0.71 294 1.83 14-24 <0.001
Regional 31.7 1.0 (ref) 184 1.0 (ref)

Level of significance is p = 0.05 for all results.

Table 3
Factors independently associated with malnutrition by multivariate analysis.

Admitted n = 687 Ambulatory patients

n = 2903
OR 95% CI OR 95% CI
Underweight 1.6 1.2-23
>5%Wt loss 269 13.4-54.3 31.2 21.4-45.5
Colorectal 1.6 1.1-25
Haematological 24 1.6-3.8
Head & Neck 33 1.9-5.6
Lung 2.0 1.3-32
Upper GI 32 1.2-8.7 3.8 24-6.0
Metastatic Disease 1.6 1.0-2.6 14 1.1-1.8
Chemotherapy 1.6 1.5-2.1
Chemo-radiotherapy 23 1.5-35

Older age [6,31] and living alone [33] have been identified as
two independent risk factors for malnutrition in general hospital-
ized patient groups. While we did not measure factors such as falls,
cognitive impairment and depressed mood, these factors have been
shown to be independent risk factors for malnutrition in an elderly
cancer population [31] and therefore may be related to the asso-
ciation with age in our cohort. The results of this study confirm
these risk factors for patients with cancer and highlight the
importance of early identification of such demographic factors to
enable proactive nutrition monitoring and intervention to prevent
the development of malnutrition.

This study provides further evidence of the negative impact of
malnutrition on clinical outcomes at 30 days. Mortality, antibiotic

use for treatment of infection and hospital readmissions were all
higher in malnourished patients. This result confirms the finding
from the French cancer centres [23], and the association with in-
fections is concordant with results in medical care [34] and geri-
atric [35] units. This has implications not only on patient outcomes
but also substantial cost implications for health service providers
[36,37,38].

4.1. Reductions in malnutrition prevalence

Overall there has been a significant reduction in the prevalence
of malnutrition in Victorian cancer services between 2012 and
2014. This reduction has been most strongly observed in patients
with upper gastrointestinal and colorectal tumours, those receiving
ambulatory chemotherapy and those over 64 years. This reduction
may be a result of increased awareness of cancer malnutrition and
local targeted improvements in the management of cancer
malnutrition following the initial study in 2012. Additionally, con-
current state-wide redesign projects presented the opportunity to
embed improved malnutrition screening practices in ambulatory
chemotherapy day units. In the multivariate analysis time point
was not independently associated with malnutrition. This points to
a difference in the population of cancer patients sampled at each
time point rather than a true reduction. The overall increase in the
number of patients who are overweight and obese may be a con-
founding reason for reduction in malnutrition. This in itself may be
representative of the change in the cancer population receiving
cancer treatments and reflect the association between the risk of
some cancers and obesity [39].
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Table 4
Relationship between malnutrition and complications and outcomes at 30-days.
2012 2014
Number % MN OR 95% CI p value Number % MN OR 95% CI p value
Admitted Only Current infection (antibiotics)

Yes 104 68% 2.1 1.3-35 0.003 125 65% 1.7 1.1-2.7 0.023
No 227 51% 1.0 (ref) 224 52% 1.0 (ref)
Unknown 6 1

Pressure ulcers
Yes 12 83% 4.0 0.8—-38.4 0.055 15 47% 1.0 0.3-3.6 0.975
No 320 55% 1.0 (ref) 335 43% 1.0 (ref)
Unknown 5 -

Remaining as an inpatient
Yes 27 89% 7.9 2.3-41.6 <0.001 30 63% 1.6 0.7-3.8 0.265
No 264 50% 1.0 (ref) 251 53% 1.0 (ref)
Deceased/unknown 28 /18 43/26

All Patients Admission/readmission

Unplanned 158 49% 2.7 1.9-3.8 <0.001 69 40% 24 1.6-3.5 <0.001
Planned 98 41% 2.0 1.3-3.0 0.002 44 27% 13 0.7-2.6 0.409
No admission 1338 26% 1.0 (ref) 1567 23% 1.0 (ref)
Unknown/not applicable 83 223

Mortality
Deceased 36 81% 9.7 4.2—-26.6 <0.001 54 72% 6.5 3.5-12.5 <0.001
Alive 1598 30% 1.0 (ref) 1767 25% 1.0 (ref)
Unknown 43 - 92 -

Level of significance is p = 0.05 for all results.

The reduction in malnutrition prevalence is not explained by the
inclusion of additional sites, as no difference was seen in the
malnutrition prevalence between new and original sites. The prev-
alence of malnutrition in regional sites almost halved between the
two time points and may be a result of targeted service improve-
ments to address the known poorer outcomes for patients in regional
areas [40] which have occurred in the period between studies.

4.2. Limitations

The limitations of this study are acknowledged including the
inability to follow patients over time and sampling restricted to
only patients undergoing active cancer treatments and attending
hospitals; there is no representation of cancer patients in other care
settings such as community palliative care or the post-treatment
cohort, where nutrition impact symptoms may still be significant
and increase the risk of malnutrition. Bias due to reduced inter-
rater reliability is possible due to the multiple data collectors
across sites and time points. There was no opportunity for reli-
ability testing to be conducted between sites. Standard training was
conducted at all sites to ensure the understanding of all data ele-
ments and lead data collectors were familiar with conducting
nutrition assessments using the PG-SGA through routine clinical
practice strengthening the reliability of the results.

Strengths of this study are that it utilised a standardised nutri-
tional assessment tool to assess the nutritional status in two large
cohorts of patients. The large sample size and the heterogeneous
nature of the populations at both time points makes the data
transferable and applicable to a variety of other hospitals or care
settings. Similarities in the prevalence of malnutrition seen be-
tween the two cohorts provide insight into the at-risk populations.

4.3. Implications for clinical practice

This study has confirmed the high prevalence of malnutrition in
the cancer population. Further, while there is significant variance in
malnutrition prevalence based on tumour type, treatment modality
and stage of disease, specific sub-populations have been identified
who are more likely to be malnourished which needs to be
considered in the delivery of clinical oncology services. However, it

is evident malnutrition can occur in all tumour types and in all
settings. Services should be designed to ensure malnutrition risk
screening occurs at the first point of contact and at regular intervals
throughout treatment and care to ensure early intervention is
provided to those at risk of malnutrition. Health services should
identify opportunities to embed malnutrition identification and
prevention strategies into models of care and support key enablers
including education of all staff.

5. Conclusion

The study has provided a comprehensive description of
malnutrition prevalence in cancer patients receiving active treat-
ment across all treatment settings, tumour types and disease stage.
Social, demographic and clinical characteristics have been identi-
fied that increase the likelihood of malnutrition. The findings of this
study provide valuable clinical insight into cancer malnutrition that
can inform the design and delivery of clinical oncology services to
prevent the poor patient outcomes and increased health care costs
associated with the condition.
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