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Abstract

Nutritional screening and assessment are considered essential steps in nutritional care for
cancer patients, malnutrition remains underreported in clinical practice. The aim of this
study was to analyse the clinical usefulness of the Patient-Generated Subjective Global
Assessment short form (PG-SGA SF°) for nutritional screening in patients with head and
neck cancer (HNC). This is a multicentre, cross-sectional study involving patients with
HNC. The final score of the PG-SGA SF® was obtained and the nutritional status was
diagnosed using the Patient-Generated Subjective Global Assessment (PG-SGA)®, clas-
sifying them as well-nourished or malnourished. Receiver operating characteristic curve,
ordinal logistic regression, and C-statistic were used. In total, 353 patients with HNC
were enrolled and the prevalence of malnutrition, according to the PG-SGA®, was 64.02%
and the median final score of PG-SGA SF° was 11 points. The final score of the PG-SGA
SF® had high accuracy (area under the curve = 0.915), and scores >9 had the best per-
formance in diagnosing malnutrition. PG-SGA SF® final score 29 was associated with
malnutrition (odds ratio = 28.32, 95% confidence interval= 15.98-50.17), with excellent
discriminatory power (C-statistic = 0.872). In conclusion, the PG-SGA SF° demonstrated
excellent performance for nutritional screening in patients with HNC. Given that it is a
simple instrument that is faster to administer than the PG-SGA®, we recommend its use
in clinical practice among such patients.

Keywords: head and neck cancer, nutritional assessment, malnutrition, PG-SGA SF, diagnostic
performance

Introduction

Cancer-associated malnutrition is related to a combination of reduced food intake and
varying degrees of inflammation, leading to changes in body composition and impaired
biological function [1]. It may be present at cancer diagnosis and is highly prevalent, vary-
ing according to demographic and tumour characteristics [2-5], among other factors,
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and may be related to the increased risk of occurrence of adverse effects such as reduced survival and quality of life, being recognised as an
indicator of a worse prognosis [2, 4, 6-10].

Previous results from the Brazilian survey of oncology nutrition, involving 4,783 patients, showed that those with head and neck cancer
(HNC) were at a higher risk of malnutrition (odds ratio (OR) = 3.70, 95% confidence interval (Cl) = 2.7-5.2) than those with other primary
tumour sites [3]. The most prevalent nutrition impact symptoms among patients with HNC are mucositis, dysphagia, xerostomia, altered
taste and smell, and difficulty chewing and swallowing [11, 12], which, associated with the inflammatory response, impact food intake and
energy intake while increasing metabolic stress and energy expenditure, resulting in weight loss [13], which may explain the high risk of
malnutrition in such cases [3].

The nutritional status must be constantly monitored during treatment, enabling the opportunity for the development of an early individu-
alised nutritional care plan [14]. The patient-generated subjective global assessment (PG-SGA)® is one of the most widely used tools for
nutritional risk screening and the diagnosis of malnutrition in cancer patients [15], being recommended by the main international and national
societies of nutrition and oncology [14, 16-19]. Its generated subjective global assessment short form (PG-SGA SF®) is restricted to the first
part of the instrument and includes assessments of history of weight loss, food intake, nutrition impact symptoms and physical function.
Jointly, these domains reflect approximately 80%-90% of the total score of the full version. The advantages of the short form are that it can
be administered more quickly and that it gives results that are compatible with and related to those given by the full version for the assess-
ment of nutritional risk in some clinical situations [20-22].

Although nutritional screening and assessment are considered essential steps in nutritional care for cancer patients, malnutrition remains
underreported in clinical practice [23-25]. To make nutritional monitoring effective, instruments that are practical, accurate, and quick to
administer must be made available - qualities that the PG-SGA® can potentially offer. Previous studies have shown that the short version,
PG-SGA SF©, can be accurate, sensitive, and specific for screening for malnutrition in cancer [20, 23, 26]. However, studies evaluating its
performance in nutritional diagnoses of patients with HNC are scarce and have major methodological limitations. Therefore, our objective
was to analyse the clinical utility (accuracy, performance, association and discriminatory power) of the PG-SGA SF° for nutritional screening
in patients with HNC in a multicenter study.

Methods

This is a cross-sectional, multicenter study, part of the Brazilian survey of cancer nutrition (BSCN), which evaluated 13.4% of all patients with
different types of cancer during treatment admitted to 45 hospitals in different regions of Brazil from August to November 2012. The study
was approved by the Research Ethics Committee (no. 34746 of June 22, 2012) and all participants signed an informed consent form. For this
proposal, only patients with HNC were considered.

The inclusion criteria for the BSCN were being aged 220 years, having a confirmed diagnosis of cancer regardless of location, and consent-
ing to participate in the study, reading and signing the informed consent form. Patients admitted to intensive care, in a coma, or unable to
answer the questions that make up the PG-SGA® were excluded. For the present article, only those patients with a primary diagnosis of HNC
were considered (all others were excluded). The anatomical sites included in the HNC group were: oral cavity, which comprises oral mucosa,
gums, hard palate, tongue, tongue floor; pharynx, which includes oropharynx, nasopharynx, hypopharynx; nasal cavity and paranasal sinuses;
glottic and supraglottic larynx and glands.

The following data were retrieved and entered into an electronic database system (http:/cpro11505.publiccloud.com.br/) by trained nutri-
tionists: demographic data (age (<60 versus >60 years), gender (male versus female), and region of the country (Central-West versus North-
East versus North versus South-East versus South)) and nutritional status (PG-SGA®: well-nourished (stage A) versus moderately malnour-
ished or suspected malnutrition (stage B) versus severely malnourished (stage C), and PG-SGA SF® final score (points)) in the first 24 hours
of hospitalisation.

The transculturally adapted [27] and validated [28] Brazilian Portuguese version of the PG-SGA® (available at: pt-global.org (°FD Ottery,
2005, 2006, 2015)) was used after authorisation was obtained for its use in the research.
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The complete PG-SGA® consists of two parts. The first part - the stand-alone shortened version, PG-SGA SF®, has four domains: 1 - change
in body weight assessed by the percentage of weight loss, with scores varying from O to 5; 2 - change in food intake, using the descriptors
‘unchanged’, ‘more than normal’ and ‘less than normal’ (vis-a-vis normal intake), ‘little solid food’, ‘only liquids or nutritional supplements’,
‘very little of anything’, and ‘only tube feeding or only nutrition by vein’, with scores ranging from O to 4; 3 - the presence of nutrition impact
symptoms in the last 2 weeks, including symptoms that influence food intake, such as constipation, vomiting, dysphagia, pain, among others,
scoring up to 24; 4 - and changes in functionality during the previous month, where the patient is characterised as to their capacity to carry
out their daily activities, scoring from O to 3. The sum of these four items, giving the final score of the PG-SGA SF®, can range from O to 36
points, with the higher the score, the greater the nutritional risk [21, 22].

The second part of the PG-SGA® includes information regarding 1 - weight loss, 2 - disease and age and their relationship to nutritional
needs; 3 - metabolic stress, including fever and steroid use, 4 - and physical examination, including loss/deficit of subcutaneous fat, muscle,
and presence of oedema or ascites. After the two parts of the PG-SGA® were administered, patients were subjectively classified as well nour-
ished (stage A), moderately malnourished or suspected malnutrition (stage B), or severely malnourished (stage C). To assess the reliability of
the nutritionists’ classification using the PG-SGA®, three hospitals participating in the BSCN were randomly selected over the period of data
collection. In these places, nutritionists participating in the research and experienced researchers administered the PG-SGA® to the same
patients independently, for further statistical comparison.

Statistical analysis

Reliability between selected nutritionists and experienced researchers was determined using Cohen’s k, which is based on the number of
concordant responses between the different raters, using SAS®, version 6.11 (SAS Institute Inc). The coefficient was interpreted as proposed
by Shrout [29], with agreement >80% signifying substantial, 61%-80% moderate, 41%-60% fair, 10%-40% slight, and <10% virtually none.
The reliability of the patients’ nutritional status classification by nutritionists using the PG-SGA® was considered substantial, with 90% agree-
ment (Cl: 41%-100%).

The other analyses were performed using STATA 13.1 (Stata Corp., College Station, Texas, USA). Statistical significance was set at p-value
<0.05. Conformity to the normal curve was verified in order to assess the symmetry of the variables and the Kolmogorov-Smirnov test was
used to test the normality of the sample distribution. The numerical variables were not normally distributed and were presented as medians
and interquartile ranges (IQR, 25th and 75th percentiles), while the categorical variables were presented as frequencies (n) and percentages
(%).

The receiver operating characteristic (ROC) curve was used to identify the area under the curve (AUC) to assess the accuracy of the global
score of the PG-SGA SF€ in relation to the diagnosis of malnutrition (sum of stages B and C). AUC >0.700 was considered statistically signifi-
cant [30]. In addition, the diagnostic performance of different cutoff points of the global score of the PG-SGA SF® was evaluated by deter-
mining their sensitivity, specificity, and positive and negative likelihood ratio. Sensitivity is the ability of the method to correctly identify true
positives (malnourishment, i.e., stages B and C). Specificity is the ability to identify true negatives (well nourished, i.e., stage A). We selected
a cutoff point with the highest sensitivity and specificity, prioritising the one with the highest sensitivity (percentage of malnourished people
correctly identified as such), which is what is necessary to obtain good discrimination in a nutritional assessment tool.

To assess the association between the selected PG-SGA SF® cutoff point and the diagnosis of malnutrition (stage B or C, as a polytomous
outcome indicative of severity), univariate and multivariate ordinal logistic regression analyses were used, taking as measures of effect the
OR with 95% CI. The variables selected for the adjustment of the multiple model were: age, sex and geographical region of the country.

In addition, the C-statistic was used to assess the discrimination of the PG-SGA SF® to predict malnutrition. A C-statistic of 0.5 indicates that
the model predicts the outcome as well as chance (i.e., equal numbers of true and false positives), 0.7 to <0.8 indicates acceptable discrimina-
tion, 0.8 to <0.9 indicates excellent discrimination, 0.9 to <1.0 is outstanding discrimination, and 1.0 is a perfect prediction [31].

To check our sampling power, we performed a post hoc test using the online tool available at https://clincalc.com/Stats/Power.aspx, con-
sidering dichotomous results (prevalence of malnutrition: yes versus no) and an alpha error of 0.05. With the number of patients with HNC
included in this article, the sampling power was 100%.
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Results

A total of 353 patients with HNC were included (Figure 1), mostly male (79.32%) and aged >60 years (61.11%). Regarding demographic dis-
tribution, the patients were mainly from the South-East (48.20%) and North-East (26.06%) regions. The majority (55.24%) had 1-3 nutrition
impact symptoms, the most prevalent of which were dysphagia (40.16%) and poor appetite (22.90%). The prevalence of malnutrition, accord-
ing to the PG-SGA®, was 64.02% (n = 226) and the median PG-SGA SF® final score was 11 (IQR: 5-17) points (Table 1).

According to the analysis of the ROC curve, the accuracy of the PG-SGA SF° final score was excellent (AUC = 0.915, 95% Cl = 0.885-0.945)
for the diagnosis of malnutrition (Figure 2), with 29 as the cutoff point giving the best performance for identifying malnourished patients
(sensitivity = 84.96%, specificity = 85.83%) (Table 2).

The multivariate polytomous ordinal logistic regression demonstrated that the PG-SGA SF® final score 29 (OR = 28.32, 95% CI = 15.98-
50.17) was associated to malnutrition (moderate or severe), regardless of age, sex, or region of the country. In addition, the short form
showed excellent discriminatory power according to the C-statistic (0.872) (Table 3).

Discussion

In order to analyse the clinical usefulness of the PG-SGA SF® in nutritional screening in patients with HNC, our data analysis demonstrates
that it presented excellent accuracy, with a global score of 29 being the cutoff point that had the best performance, with independent asso-
ciation with malnutrition and excellent discriminatory power. Therefore, its use could be recommended in clinical practice for nutritional
screening and diagnosis for HNC patients.

Patients interviewed as part of the

BSCN

(Period: August to November
2012)

n=4783 | e

Cancer types excluded: n = 4,430

(gastrointestinal tract, n = 1,136; lung,
n =192; gynecological, n = 579; breast,
n = 675; lymphoma, n = 168; leukemia,

n = 168; others, n = 1,512)

Patients with head and neck

cancer

n=353

Figure 1. Flowchart of selection of patients with HNC evaluated in the BSCN. n = number of observations; BSCN = Brazilian survey of cancer nutrition.
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Table 1. Demographic and nutritional characteristics of patients with HNC assessed in the Brazilian
survey of oncology nutrition (n = 353).

Variables N %
Sex
Female 73 20.68
Male 280 79.32
Age (years)
<60 138 38.89
260 215 61.11
Region of country
Central-West 43 12.18
North-East 92 26.06
North 7 1.98
South-East 170 48.16
South 41 11.61
Number of nutrition impact symptoms
0 102 28.90
1-3 195 55.24
23 56 15.86
Most prevalent nutrition impact symptoms
Dysphagia 142 40.23
Poor appetite 81 22.95
Xerostomia 69 19.55
Mouth pain 63 17.85
PG-SGA SF© final score (points) (median/IQR) 11 5-17
PG-SGA SF© final score (points)
0-1 32 9.07
2-3 38 10.76
4-8 80 22.66
29 203 57.51
Nutritional diagnosis by PG-SGA®
Well nourished (stage A) 127 35.98
Moderately malnourished or suspected malnutrition (stage B) 140 39.66
Severely malnourished (stage C) 86 24.36

n = number of observations; % = frequency; IQR = interquartile range (25th to 75th percentile); PG-SGA
SF© = Patient-Generated Subjective Global Assessment short form; PG-SGA® = Patient-Generated
Subjective Global Assessment

It is important to highlight that, in line with national and international evidence [6, 8, 32-34], our results showed higher frequencies of HNC
among men and older people. In addition, the highest rates of this type of cancer were found in the South-East (48.20%), followed by the
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North-East (26.06%), corroborating what is reported in the national literature and reflecting the distinct characteristics of Brazil's geographic
regions [34].

Most of the patients with HNC had 1-3 nutrition impact symptoms (55.24%), the most prevalent of which were dysphagia (40.16%) and
hyporexia (22.90%). It is known that HNC affects structures that are critical for basic functions, such as breathing, swallowing, and verbal
communication. Complications in these areas resulting from the disease and its treatment can lead to severe damage and physiological
changes that cause difficulties in chewing, dysphagia, xerostomia, trismus, salivary problems, taste alteration, mucositis and pain in the oral
cavity, impacting negatively on nutritional status [13, 35].

Our results confirm the high prevalence of malnutrition in this group, in line with the literature [3, 6, 33, 36]. Neoh et al [36] evaluated nutri-
tional changes during radiotherapy, with or without chemotherapy, in 50 patients with HNC. Using the PG-SGA®, they found an increase in
the prevalence of malnutrition from 56% pre-treatment to 100% post-treatment, with an average unintentional loss of body weight of 4.53
(£0.41) kg at the end of radiotherapy. Nutritional parameters such as muscle mass, fat mass, body mass index, dietary energy and protein
intake decreased significantly (p < 0.0001), while the prevalence of symptoms (mainly taste alteration and dry mouth) and oral supplement
intake (which reduced weight loss in those with adequate supplement intake (p = 0.013)) increased significantly (p < 0.0001).

Despite its high magnitude and recognised deleterious effects on clinical outcomes [2, 4, 6-10], malnutrition remains underreported in clini-
cal practice [24, 25] and, when recognised, may not be properly treated, contrary to recommendations that nutritional status be taken into
account from the moment of cancer diagnosis, for early identification and treatment of its probable alterations [19].

Considering that the assessment of nutritional status is a dynamic, systematic process, consisting of data collection and interpretation to
support decision-making, regardless of the stage of the disease [14], and that there are barriers to carrying out nutritional assessments in
clinical practice, there is a clear need for simple and accurate tools such as the PG-SGA SF®. We found that the final score of the PG-SGA SF®
had excellent accuracy (AUC = 0.915, 95% Cl = 0.885-0.945), with scores >9 having the best performance for the diagnosis of malnutrition
(sensitivity = 85.0%, specificity = 85.8%). Such measures demonstrate the good capacity of this instrument to correctly identify true positives
(malnourished patients) and true negatives (well-nourished patients).

5 75

True-positive rate (ROC)

25

T T T T
0 25 k) 75 1
False-positive rate

——+— PG-5GA 5FB total score (points)

Figure 2. ROC curve of the final score of the PG-SGA SF® in relation to the diagnosis of malnutrition* in patients with HNC evaluated in the BSCN
(n = 353). ROC = Receiver operating characteristic; AUC = area under the curve; Cl = confidence interval; PG-SGA SF© = Patient-generated subjective
global assessment short form. *malnutrition diagnosed using the patient-generated subjective global assessment® (sum of stages B and C).
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Table 2. Performance measures of the cut-off points of the final score of the PG-SGA SF® in relation to the diagnosis of malnutrition® in patients
with HNC evaluated in the BSCN (n = 353).

Performance PG-SGA SF¢ final score (points)
measures 2 3 4 5 6 7 8 9b
Sensitivity 100% 98.23% 96.90% 96.90% 93.81% 88.94% 84.96% 84.96%
Specificity 25.20% 38.58% 49.61% 59.06% 69.29% 76.38% 81.89% 85.83%
LR+ 1.34 1.60 1.92 2.37 3.05 3.76 4.69 5.77
LR- 0 0.04 0.06 0.05 0.08 0.14 0.18 0.21
*malnutrition diagnosed using the patient-generated subjective global assessment® (sum of stages B and C)
bcutoff points above nine had lower sensitivity (and decreasing) values
n = number of observations; LR = likelihood ratio; PG-SGA SF® = Patient-Generated Subjective Global Assessment short form
Table 3. Ordinal logistic regression of PG-SGA SF° final score >9 points in relation to the diagnosis of malnutrition® in patients with HNC
evaluated in the BSCN (n = 353).
Univariate Multivariate
Variables C-statistic
OR (95% CI) p-value OR (95% Cl) p-value
PG-SGA SF final score >9 points 25.40 (14.55-44.33) <0.001 28.32(15.98-50.17) <0.001 0.872
Adjusting factors
Age >60 years 0.23(0.03-1.80) 0.161 0.92 (0.57-1.50) 0.751 -
Sex male 1.96 (1.20-3.21) 0.007 2.90 (1.60-5.25) <0.001 -
Region South-East 1.12(1.31-2.84) 0.009 1.92(0.99-3.41) 0.060 -

2malnutrition diagnosed using the patient-generated subjective global assessment® (stages B or C, as polytomous outcome indicative of severity)
n = number of observations; OR = odds ratio; Cl = confidence interval; PG-SGA SF° = Patient-Generated Subjective Global Assessment short form

Although previous studies have evaluated the good performance of the PG-SGA SF® for the diagnosis of malnutrition, most of them involved
patients with other tumour types [20, 26]. There are few studies based on patients with HNC, and those that exist have major methodologi-
cal limitations. Jager-Wittenaar et al [23] found that the PG-SGA SF® had better accuracy for diagnosing malnutrition when compared to the
Malnutrition Universal Screening Tool, with high sensitivity (73%) and specificity (100%) and the ability to predict both adverse effects and
the improvement of clinical outcomes. However, the sample size was limited (n = 78) and the study was conducted at a single centre. In a
cross-sectional study involving 355 patients with different types of cancer undergoing chemotherapy, Carrico et al [20] found that the PG-
SGA SF° was adequate for identifying the nutritional risk of patients, comparing its results with those given by the PG-SGA®. According to
the PG-SGA SF©, the majority (69.3%, n = 246) of the participants had at least one risk factor for malnutrition and according to the PG-SGA®,
50% (n = 177) presented nutritional risk or actual malnutrition (stages B and C). The agreement of the results was moderate (k coefficient =
0.62, p < 0.001), with the PG-SGA SF® having good sensitivity (95%) and specificity (67%) for identifying nutritional risk and malnutrition.

In addition to evaluating PG-SGA SF° for its sensitivity and specificity for predicting nutritional status, studies have shown that it covers all
the domains recommended by ESPEN and ASPEN for defining malnutrition, demonstrating its content validity [37]. Although the nutritional
screening and diagnosis instruments used in clinical practice in hospitals are already based mainly on criteria that reflect the characteristics
of malnutrition, to combat malnutrition at an early stage it may be valuable to additionally identify its risk factors, which is where PG-SGA
SF® could help [38].

Regardless of age, sex, or region of the country, a PG-SGA SF® final score =9 points (OR: 29.48, 95% Cl: 16.57-52.44) was associated with
malnutrition (moderate or severe), with excellent predictive accuracy (C-statistic = 0.872). This indicates that care protocols could be based
on its results, offering a speedier nutritional diagnosis, and enabling an earlier onset of actions to combat malnutrition. Drawing on data
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from 1,157 patients with HNC, Martin et al [8] found that among those with the same final score (PG-SGA SF® >9 points), the prevalence of
sarcopenia was 50% and the prevalence of myosteatosis was 49%.

Finally, it is important to highlight the results of the study developed by Jager-Wittenaar et al [32] with 59 patients with HNC to assess the
feasibility of self-completion of the PG-SGA SF® and awareness of the risk of malnutrition after self-reporting. The average time required to
complete the PG-SGA SF® was 2 minutes and 41 seconds (IQR: 1 minute 49 seconds - 3 minutes 50 seconds). Forty-eight percent of the
patients needed help with completion, indicating acceptable feasibility. For 7/9 questions about awareness of the risk of malnutrition, >50%
of the participants responded positively, showing that awareness may increase after the patient completes the questionnaire [32].

Some limitations of our study should be highlighted, such as the fact that we only included inpatients, making it likely inappropriate to apply
our conclusions to an outpatient population. Inpatient-only inclusion could probably overestimate malnutrition. In addition, another limita-
tion was the fact that the PG-SGA® was not filled out by the patient, but by different nutritionists, which may have interfered with the results
since the professionals know how to fill in the instrument more clearly than the patients [32]. However, these professionals were previously
trained, and this method of completion is probably the best way to minimize the overestimation of symptoms [21], in addition to the fact that
the reliability of the nutritional status classification by nutritionists was considered good. Another limitation is that the data on dietary habits
(which would be an important variable in this context) were not collected it was not possible to add it to the statistical analysis. Despite the
data analysed having been collected more than 10 years ago, it should be noted that they were obtained in a large multicenter study involving
different hospitals across the country, reinforcing the relevance of the finding.

Conclusion

The PG-SGA SF° had an excellent performance in nutritional screening in patients with HNC. Given that it is a simple instrument that is faster
to administer than the full version, we recommend its use in clinical practice. Its use in care protocols could enable a speedier diagnosis of
malnutrition, helping to combat the underreporting of malnutrition and enabling faster decision-making regarding nutritional intervention,
which may contribute to the optimisation of resources and referral to nutritional rehabilitation for those who really need it. However, more
studies need to be developed in patients with other tumour types, and with the aim of comparison of the tools (PG-SGA SF® versus complete
PG-SGA®).
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