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Abstract: This study aimed to: (1) externally validate the Visual/Verbal Analogue Scale of food
ingesta (ingesta-VVAS) that previously showed good discrimination between oncology patients who
ingest more or less energy than required; (2) explore the discriminative properties of other questions.
Dietitians performed 322 interviews in 206 adult oncology patients undergoing chemotherapy in two
Dutch hospitals, including a 24-h dietary recall, assessment of the ingesta-VVAS and 12 additional
questions related to reduced food intake. The ingesta-VVAS score was linearly associated with
energy intake as % of Total Energy Expenditure (TEE) (standardized beta = 0.39, p < 0.001), with
no differences between groups based on use of oral nutritional supplements, body mass index,
in/outpatient setting or sex. The accuracy of the ingesta-VVAS score to predict low energy intake
(<75% of TEE) was poor (Area Under the Receiver Operating Characteristic curve (AUC) = 0.668,
95% CI10.603-0.733). The optimal multivariate model included the ingesta-VVAS score and a question
on ‘feeling sick’ (AUC = 0.680, 95% CI 0.615-0.746). In conclusion, in our study the ingesta-VVAS
discriminates poorly between oncology patients undergoing chemotherapy who ingest more or less
energy than required. Adding a question on feeling sick only slightly improved model performance.
Further external validation is warranted.

Keywords: nutrition; food intake; energy intake; cancer; screening; accuracy

1. Introduction

Oncology patients undergoing chemotherapy often experience periods of reduced
energy intake due to a multitude of reasons, disease and treatment related [1-3]. If this
lasts for more than a week, patients can lose significant body weight and may become
malnourished. Weight loss and a poor nutritional status are associated with a worse re-
sponse to cancer treatment, reduced quality of life and shorter survival [4-8]. Although a
few studies on nutritional interventions showed a positive effect on treatment toxicity and
survival, most were negative [9,10]. There is some evidence that nutritional interventions
increase muscle mass and quality of life, and there is ample evidence that they attenuate
the body weight loss due to chemotherapy [10]. Therefore, clinical guidelines recommend
regular evaluation of nutritional intake and body weight in patients undergoing anticancer
treatment [11,12]. These guidelines are increasingly implemented. In the Netherlands for ex-
ample, 80% of adult hospital patients are screened for risk of malnutrition at admission [13]
and malnourished or patients at risk are referred for nutritional counseling.
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However, oncology patients undergoing chemotherapy treatment may also experience
a reduction in energy intake after malnutrition screening. To facilitate the screening for a
reduced energy intake during chemotherapy, Guerdoux-Ninot et al. [3] investigated the
validity of the Visual/Verbal Analogue Scale of food ingesta (ingesta-VVAS) developed by
Thibault et al. [14] in 1762 medical oncology patients scheduled for chemotherapy treatment.
They found that the tool was easy-to-use and discriminated well between oncology patients
who ingest less or more than 25 kcal per kilogram per day (kcal/kg/day) (Area Under the
Receiver-Operating Characteristics curve (AUC) = 0.804) [3]. Therefore, external validation
is warranted.

Guerdoux et al. [3] examined the ingesta-VVAS in hospitalized medical oncology
patients scheduled for chemotherapy treatment, who did not use oral nutritional supple-
ments (ONS). However, 30% of adult cancer patients use ONS [15]. As ONS use does
not obviate further nutritional intervention, the determination of the discriminative ac-
curacy in a population of patients that use ONS is also relevant. Furthermore, as not all
patients are hospitalized during chemotherapy treatment, it is also important to test the
accuracy in outpatients. As in practice screening may be applied at several time points
during a patient’s treatment episode, the accuracy of the ingesta-VVAS should also be
tested using multiple measurements within a patient. Finally, no previous study tested if
the discriminative accuracy may be improved by adding one or more intake or symptom
questions related to malnutrition. The aims of the current study were therefore to: (1)
validate the ingesta-VVAS in an external population of adult cancer patients undergoing
chemotherapy, including patients who use ONS and outpatients; and (2) explore discrimi-
native properties of additional questions that we hypothesized would also predict reduced
energy intake.

2. Materials and Methods
2.1. Participants

Data for this study were collected in 2019-2021 among oncology in- and outpatients
aged >18 years receiving systemic anti-cancer therapy (chemotherapy, targeted therapy,
immune therapy and/or monoclonal antibodies, hereafter referred to as: “chemother-
apy”) in the Flevoziekenhuis (Almere) and the Amsterdam University Medical Centre
(AUMC), location AMC (Amsterdam), the Netherlands. Patients treated only with immune
checkpoint inhibitors or monoclonal antibodies were not included, as this is unlikely to
affect nutritional intake [16]. Exclusion criteria were: use of parenteral nutrition or tube
feeding; adequate communication not possible (due to e.g., delirium, a language barrier,
a deaf/mute condition or mental retardation); or dietary restrictions based on a doctor’s
prescription. Between December 2019-March 2020, eligible participants were approached
face-to-face for participation in the study in both hospitals, after which data collection was
stopped because of the COVID pandemic. Between February—May 2021, the data collection
was resumed by telephone. Patients could participate more than once, with at least two
weeks between measurements. A flow chart depicting patient inclusion and measurements
is depicted in Figure 1. The study was carried out in accordance with the Declaration of
Helsinki. The Medical Ethics Review Committee of the Academical Medical Center (METC
AMC) reviewed the study protocol and provided a waiver for full review. Written informed
consent was obtained from all participants.
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234 patients were
approached for

participation

i——b 28 patients refused to participate

206 patients were
included in the study

)

322 interviews were performed by registered dietitians

79 patients were measured twice
29 patients were measured three times

8 patients were measured four times

Figure 1. Flow chart of patient inclusion and measurements performed among oncology in-
and outpatients aged >18 years receiving systemic anti-cancer therapy in two Dutch Hospitals
between 2019-2020.

2.2. Data Collection
2.2.1. Procedures

Interviews were conducted by five registered dietitians within 3 weeks after admin-
istration of chemotherapy. Each interview included a 24-h dietary recall and assessment
of 13 screening questions, including the ingesta-VVAS, and a few demographic questions.
The order of assessing the 24 h recall and the screening questions was randomized.

2.2.2. Patient Characteristics

Patient characteristics were obtained from the hospital records or were assessed during
the interview when not available. This included: sex; age; body weight (kg); body height (cm);
setting (in- or outpatient); hospital; number of days since chemotherapy; type of cancer; type of
treatment(s); and whether a dietitian was involved. Body mass index (BMI) was calculated as
body weight (kg) divided by body height squared (m?). After the resumption of the study in
2021, we added questions from the Short Nutritional Assessment Questionnaire (SNAQ) [17]
and Malnutrition Universal Screening Tool (MUST) [18] to the interview.

2.2.3. Dietary Intake

Dietary intake was assessed by an in-depth 24-h dietary recall of 15-20 min. The
experienced dietitians collected detailed information about food preparation methods and
the ingredients used in compound dishes. The amount of each food product was estimated
by using common size containers (e.g., glasses, cups, different types of spoons). Energy
(kcal) and protein (gram) intake were based on data of the Dutch Food Composition Table
(2019) [19]. For patients using ONS, energy and protein intake from ONS were recorded
separately. ONS comprised both medical nutrition and commercially available protein
powders and shakes.

Protein intake was expressed as grams per day (g/day) and in grams per kilogram
body weight per day (g/kg BW/day). Energy intake was expressed as kcal per day
(kcal/day), kcal per kilogram body weight per day (kcal/kg BW/day) and as percentage
of Total Energy Expenditure (TEE) (%TEE). A lower than required intake was defined as
an energy intake <75% of TEE [20]. TEE was calculated by the World Health Organization
(WHO) formula [21] plus a 30% addition for physical activity/disease activity. When
the BMI was >30 kg/ m?2, the WHO formula was replaced by the Harris & Benedict 1918
formula [22,23]. We also defined low energy intake as a caloric intake <25 kcal/kg/day as
was done by Guerdoux et al. [3].
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2.2.4. Ingesta-VVAS

The ingesta-VVAS was assessed (in Dutch) with the following question: ‘If you con-
sider that, at times when you are in good health, you eat 10 out of 10, how much do you
currently eat on a scale from 0 to 10?” 0 would mean eating “nothing at all” and 10 eating “as
usual” [3]. We specified “currently” as pertaining to the past 24 h. During the face-to-face
data collection most patients responded to the verbal question but a few patients preferred
the visual scale as described by Guerdoux et al. [3].

2.2.5. Additional Questions

We included 12 additional screening questions, derived from the Patient-Generated
Subjective Global Assessment Short Form (PG-SGA SF), a validated screening tool for
malnutrition in chemotherapy outpatients [24]. Some questions were slightly adapted. We
included a question on food intake: ‘In the past 24 h, did you eat less compared to your
usual intake before the cancer diagnosis? (yes/no). Additionally, we included 11 questions
on symptoms related to reduced food intake (answer options: yes; no) in the past 24 h: ‘Did
you have problems eating?’; “Were you nauseous?’; ‘Did you vomit?’; ‘Did you experience
taste alterations?’; ‘Did you have a painful mouth?’; ‘Did you experience pain in your
abdomen?’; ‘Did you experience pain while swallowing?”; ‘Did you experience being
bothered by food smells?’; ‘Did you feel full quickly?’; ‘Did you feel fatigued?’; and ‘Did
you feel sick?’.

2.3. Statistical Analyses

Patient characteristics were presented as mean with standard deviation (£5SD), median
with interquartile range (IQR) or frequency (%), for only the first measurement (single cases),
for all measurements combined, and stratified by ONS use. The association between the
ingesta-VVAS score and energy intake as percentage of TEE was examined by a generalized
estimating equations (GEE) model to adjust for repeated measures within individuals as
well as by a linear model treating all measurements as independent. As this resulted in
equivalent model parameters, we only presented the results of simpler linear regression
model, also depicted by a boxplot. Results were also presented stratified by ONS use,
BM], setting (in-/outpatients) and sex (male/female). Interaction was tested by including
interaction terms in the linear models.

To examine the external validity of the ingesta-VVAS in detecting an energy intake
<75% of TEE, a logistic regression model and AUC curve were used. To illustrate the
performance of the ingesta-VVAS in practice, sensitivity, specificity, positive predictive
value (PPV), negative predictive values (NPV), and diagnostic accuracy (n correctly classi-
fied /total ) were calculated using the optimal cut-off (<7) derived by Guerdoux et al. [3]
and, if different, the optimal cut-off (based on maximized sensitivity and specificity) in our
sample, stratified by ONS use. Sensitivity analyses were performed with <25 kcal/kg/day
as reference standard.

To explore the discriminative properties of the 12 additional questions and the Ingesta-
VVAS score in predicting a low energy intake, the association between the response to each
single question and an energy intake of <75% TEE was examined with a univariate logistic
regression model. Subsequently, a forward and backward selection method was used to
derive the most optimal multivariate prediction model [25]. A p-value < 0.05 was required
for inclusion in the final multivariable model. The performance of the final model was
assessed by the AUC.

A p-value (two-sided) less than 0.05 was considered statistically significant. Statistical
analyses were performed by using Statistical Package for Social Sciences (SPSS) version 27
(IBM Corp., Armonk, NY, USA).

3. Results

Of the 234 patients approached, 28 patients (12%) did not want to participate, mostly
due to feeling sick or having no interest. In total 322 measurements were performed in
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206 patients of whom 79 were measured twice, 29 thrice and 8 four times (Figure 1). Table 1
shows the characteristics of the study sample, of only the first measurement (single cases)
as well as all measurements combined, stratified by use of ONS. Mean age was 62 years
(SD 12). Most patients were outpatients (81%) and received their chemotherapy 0-6 days
ago. At their first measurement, 35% of patients had an energy intake <75% of TEE and
in 40% the Ingesta-VVAS score was <7. ONS was used by 21% of patients of which 90%
was seen by a dietitian. ONS users had a higher mean energy and protein intake than
non-users, were slightly older, more often had cancer of gastrointestinal origin, and a lower
BMI. Although ONS users more often had an ingesta-VVAS score <7 (55% versus 37%),
they less often had an energy intake <75% of TEE (24% versus 34%).

Table 1. Characteristics of the included oncology patients undergoing chemotherapy, stratified by
oral nutritional supplement (ONS) use.

Ch - First Measurement All (Multiple) ONS Use No ONS Use
aracteristics Measurements
n =206 n=67 n =255
n=322
Age (years) ? 62 +12 62 +12 65+ 11 61 + 12
Female sex P 114 (55%) 186 (58%) 33 (49%) 153 (60%)
Type of cancer °
Gastro-intestinal 49 (24%) 78 (24%) 27 (40%) 51 (20%)
Breast 4 (21%) 78 (24%) 11 (16%) 67 (26%)
Hematological 63 (31%) 95 (30%) 16 (24%) 79 (31%)
Other 50 (24%) 71 (22%) 13 (20%) 58 (23%)
Setting: inpatient (vs. outpatient) b 39 (19%) 44 (14%) 12 (18%) 32 (13%)
Days since last chemotherapy © 3 (0-6) 3 (1-6) 3 (1-6) 4 (1-6)
Dietitian involved P 83 (40%) 136 (42%) 60 (90%) 76 (30%)
Body Mass Index (kg/mz) a 267 £49 269 £49 258 £48 272449
Protein intake (g/kg/day) 0.95 + 0.45 0.95 + 0.43 1.18 + 0.51 0.89 + 0.39
Energy intake (kcal/day) >4 1770 + 684 1804 + 673 2035 £ 711 1743 + 651
Energy intake ONS (kcal/day) ? - 490 + 235 -
Energy intake % of TEE ¢ 87 + 34 89 + 33 102 + 38 85 + 31
Energy intake <75% of TEE b® 72 (35%) 105 (33%) 16 (24%) 89 (34%)
Energy intake <25 kcal/kg/day ? 127 (62%) 197 (61%) 32 (48%) 165 (65%)
ingesta-VVAS score f
0 3 (2%) 3 (1%) 1(2%) 2 (1%)
1 0 0 0 0
2 0 0 0 0
3 3 (2%) 3 (1%) 1(2%) 2 (1%)
4 13 (6%) 15 (5%) 6 (9%) 9 (4%)
5 16 (8%) 27 (8%) 7 (10%) 20 (8%)
6 17 (8%) 35 (11%) 12 (18%) 23 (9%)
7 30 (15%) 49 (15%) 10 (15%) 39 (15%)
8 41 (20%) 62 (19%) 14 (21%) 48 (19%)
9 16 (8%) 25 (8%) 5 (8%) 20 (8%)
10 67 (33%) 103 (32%) 11 (16%) 192 (36%)
ingesta-VVAS score of 8 (6-10) 8 (6-10) 7 (6-8) 8 (7-10)
ingesta-VVAS score < 7 bf 82 (40%) 132 (41%) 37 (55%) 95 (37%)
MUST score b8
0 (low malnutrition risk) 87 (69) 172 (72) 15 (33) 157 (81)
1 (medium malnutrition risk) 22 (17) 37 (15) 16 (35) 21 (11)
>2 (high malnutrition risk) 18 (13) 31 (13) 15 (33) 16 (8)
SNAQ score b0
0, 1 (no malnutrition) 82 (65) 164 (68) 15 (33) 149 (77)
2 (moderate malnutrition) 7 (6) 14 (6) 409 10 (5)
>3 (severe malnutrition) 38 (30) 62 (26) 27 (59) 35 (18)

Values are expressed as: ® mean + SD, b 11 (%), € median (25-75% IQR), 9 calculated by a 24-h recall and
includes intake from (regular) food and ONS; € Total Energy Expenditure (TEE) is calculated by the World Health
Organization 1985 formula [21] (BMI < 30 kg/m?) or Harris & Benedict 1918 formula [23] (BMI > 30 kg/m?),
both with an addition of 30% for physical activity /disease activity; f Ingesta-Verbal /Visual Analogue Scale
(Ingesta-VVAS) ranges from 0 (I eat nothing at all) to 10 (as usual); 8 MUST: malnutrition universal screening tool,
added to data collection in 2021; ® SNAQ: short nutritional assessment questionnaire, added to data collection in
2021. SD, standard deviation; IQR, interquartile range; ONS, oral nutritional supplements; BMI, body mass index.



Nutrients 2022, 14, 3515

We found a positive linear association (standardized beta (3) = 0.39, p < 0.001) between
the ingesta-VVAS score and energy intake as percentage of TEE in the total study sample
including all measurements (1 = 322) (Figure 2). There was no significant interaction by
ONS use (P interaction = 0.116; = 0.52 for ONS users; f = 0.42 for non-ONS users),
BMI (P interaction = 0.130; = 0.43 for BMI < 25 kg/mz; $ = 0.39 for BMI > 25 kg/mz),
setting (P interaction = 0.844; 3 = 0.37 for outpatients; 3 = 0.46 for inpatients), or sex
(P interaction = 0.106; 3 = 0.31 for males; 3 = 0.43 for females).

250
79
*
257 218
200 322 8 an
o
118 Czga
_ o 4
w °
I'I—: 150 5t
BN
1]
E 20
o
= 155
5 100
[T
c
1T}
50 1
a *
0 3 4 5 6 7 8 9 10

Ingesta-VVAS score

Figure 2. Association (1 = 322) between the Ingesta-Verbal/Visual Analogue Scale (ingesta-VVAS)
and energy intake, calculated by a 24-h recall and expressed as percentage of Total Energy Expen-
diture (TEE), calculated by the World Health Organization 1985 formula [21] (BMI < 30 kg/m?) or
Harris & Benedict 1918 formula [23] (BMI > 30 kg/ m?), both with an addition of 30% for physical
activity /disease activity. BMI, body mass index. © outlier (3rd quartile + 1.5* interquartile range).
* outlier (3rd quartile + 3* interquartile range).

In the logistic regression model, a 1-point lower ingesta-VVAS score was associated
with an 1.38 higher odds (95% confidence interval (CI) 1.23-1.57) of an energy intake
<75% of TEE. The AUC was 0.668 (95% CI 0.603-0.733, Figure 3). In our sample a cut-off
of <7 maximized sensitivity plus specificity, irrespective of ONS use. Table 2 shows that
at a cut-off point <7, 66.1% of patients was classified correctly and that sensitivity and
specificity were respectively 61.0% (95% CI 51.4-69.9%); and 68.7% (95% CI 62.3-74.6%).
Sensitivity analyses with the reference standard of <25 kcal/kg/day resulted in slightly
weaker associations (Odds Ratio 1.27, 95% CI 1.12-1.44).
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ROC Curve

Sensitivity

00 02 04 06 08 10
1-Specificity

Figure 3. Receiver Operating Characteristic (ROC) curve (n = 322) of the Ingesta-verbal/Visual
analogue Scale (ingesta-VVAS) to predict energy intake, calculated by a 24-h recall, <75% of Total
Energy Expenditure (TEE) (Area under the ROC curve = 0.668, 95% CI 0.603-0.733). TEE is calculated
by the World Health Organization 1985 formula [21] (BMI < 30 kg/m?) or Harris & Benedict
1918 formula [23] (BMI > 30 kg/m?2), both with an addition of 30% for physical activity/disease
activity. CI, confidence interval.

Table 2. Performance of the Ingesta-verbal /Visual analogue Scale (ingesta-VVAS) to predict energy
intake <75% of Total Energy Expenditure (TEE) (1 = 322).

Energy Intake Energy Intake
<75% of TEE >75% of TEE Total ()
Ingesta-VVAS score < 7 64 68 132
Ingesta-VVAS score > 7 41 149 190
Total (1) 105 217 322

Sensitivity 61.0% (95% CI 51.4-69.9%); specificity 68.7% (95% CI 62.3-74.6%); positive predictive value 48.5% (95%
CI40.0-57.0%); negative predictive value 78.4% (95% CI 72.2-83.9%); Diagnostic accuracy = (149 + 64)/322 = 66.1%.
Energy intake is calculated by a 24-h recall. TEE is calculated by the World Health Organization 1985 formula [21]
(BMI < 30 kg/m?) or Harris & Benedict 1918 formula [23] (BMI > 30 kg/m?), both with an addition of 30% for
physical activity /disease activity. CI, confidence interval.

Based on univariate logistic regression models (Table 3), seven questions were found
to be associated with an energy intake < 75% of TEE besides the ingesta-VVAS score. The
final multivariable model consisted of two predictors: the ‘ingesta-VVAS score’ and ‘feeling
sick” (Table 4). The AUC of this model was 0.680 (95% CI 0.615-0.746).
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Table 3. Associations between each candidate predictor and energy intake <75% of Total Energy
Expenditure (TEE) (n = 322).

Question (Candidate Energy Intake Energy Intake . o
Predictor) <75% of TEE (=105  >75% of TEE (n=217)  OddsRatio 05% CD p-Value
Eating less 66 (63%) 78 (36%) 3.02 (1.86-4.89) <0.001
Problems eating 33 (31%) 31 (14%) 2.75 (1.57-4.82) <0.001
Nausea 26 (25%) 40 (18%) 1.46 (0.83-2.55) 0.189
Vomiting 6 (6%) 2 (1%) 6.51 (1.29-32.85) 0.023
Taste alterations 52 (50%) 84 (38%) 1.58 (0.99-2.53) 0.055
Painful mouth 19 (18%) 22 (10%) 1.96 (1.01-3.81) 0.047
Painful abdomen 22 (21%) 46 (21%) 0.99 (0.56-1.75) 0.960
Pain swallowing 6 (6%) 8 (4%) 1.58 (0.54—4.69) 0.407
Bothered by food smells 11 (11%) 24 (11%) 0.94 (0.44-2.00) 0.875
Feeling full quickly 69 (66%) 91 (42%) 2.65 (1.63-4.31) <0.001
Feeling fatigued 79 (75%) 158 (73%) 1.14 (0.67-1.94) 0.643
Feeling sick 39 (37%) 38 (18%) 2.78 (1.64-4.72) <0.001
Values are expressed as 1 (%). Energy intake is calculated by a 24-h recall. TEE is calculated by the World Health
Organization 1985 formula [21] (BMI < 30 kg/mz) or Harris & Benedict 1918 formula [23] (BMI > 30 kg/mz), both
with an addition of 30% for physical activity /disease activity.
Table 4. Final multivariate model for prediction of energy intake <75% of Total Energy Expenditure
(TEE) (n = 322).
Predictors Regression Coefficient Odds Ratio (95% CI) p-Value
Constant —1.59
Ingesta-VVAS score @ (reversed) 0.29 1.33 (1.17-1.51) <0.001
Feeling sick 0.65 1.92 (1.09-3.91) 0.024

Energy intake is calculated by a 24-h recall. TEE is calculated by the World Health Organization 1985 formula [21]
(BMI < 30 kg/mz) or Harris & Benedict 1918 formula [23] (BMI > 30 kg/mz), both with an addition of 30% for
physical activity /disease activity. ® Ingesta-Verbal/Visual Analogue Scale (ingesta-VVAS) reversed so that a lower
score is associated with an 1.33 higher odds on energy intake <75% of TEE.

4. Discussion

The main aim of this study was to externally validate the Visual/Verbal Analogue
Scale of food ingesta (ingesta-VVAS) as a tool to discriminate between oncology patients
undergoing chemotherapy who ingest less than 75% of their required energy or more. In a
study sample of 206 adult oncology in- and outpatients including 322 measurements, we
found that the ingesta-VVAS score was linearly associated (3 = 0.39, p < 0.001) with energy
intake as percentage of required, with no differences between groups based on use of oral
nutritional supplements, body mass index or in/outpatient setting. However, the accuracy
of the ingesta-VVAS score to predict low energy intake (<75% of TEE) was poor. If in a
hypothetical cohort of 100 patients, 35 have a low energy intake, on average 14 patients
(95% CI 11-17) will be missed using the ingesta-VVAS, while 20 patients (95% CI 16-25)
would be incorrectly classified as having a low energy intake.

As a secondary aim, we explored the discriminative properties of 12 additional questions
and found that the ingesta-VVAS was retained in the final model together with a question on
“feeling sick”. Adding this question only slightly improved model performance.

The ingesta-VVAS was first examined by Thibault et al. [14] in 114 undernourished or
at risk patients in two French University hospitals. Both the 10-point verbal (p = 0.66) and
visual (p = 0.74) scale correlated well with energy intake based on a 3-day dietary records.
Stronger correlations were found for inpatients (p = 0.73) compared to outpatients (p = 0.32),
for those with a BMI < 19 kg/m? (p = 0.78) compared to those with a BMI > 25 kg/m?
(p = 0.39), and for those malnourished based on the Nutritional Risk Index (NRI) [26]
(p = 0.82) compared to those who were not malnourished (p = 0.11). Subsequently, a larger
study was performed by Guerdoux et al. [3] among 1762 medical oncology patients who
were hospitalized for more than 48 h and scheduled for chemotherapy treatment, and did
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not use artificial nutrition or ONS. They found that in 95% of patients it was feasible to use
the verbal form of the ingesta-VVAS. In this French population, the ingesta-VVAS score
correlated well with mean daily energy intake based on a 24-h recall about food intake the
day before the hospitalization (p = 0.67), with no major differences between subgroups
based on previous weight loss, BMI and NRI. The discriminative accuracy was good.

Our study differed in a number of respects from the study by Guerdoux et al. [3]. First,
our study was performed in the Netherlands. Although we are not aware of national
differences in response to questions on food intake, this could explain differences in
performance. It is difficult to compare between both studies the percentage of patients at
risk of malnutrition due to variation in screening instruments applied. The percentages
with a major nutritional risk score according to the NRI [26] in the Guerdoux study and
a high malnutrition risk score according to the MUST [18] in our study were comparable
(13%). The median ingesta-VVAS score was higher in our study (8 compared to 6 observed
by Guerdoux et al. [3]), even though energy intake was comparable (62% < 25 kcal/kg/day
compared to 67% [3]). The on average higher ingesta-VVAS score at the same energy intake
level in our study is reflected by the lower sensitivity and positive predictive value at a
cut-off of 7 in our study. Second, we also included outpatients and patients using ONS, and
third, in 2021 we switched from verbal interviews (1 = 82) to telephone interviews (1 = 240).
However, correlations were not modified by clinical setting or ONS use and we also did
not observe interaction by verbal/telephone interview (P interaction = 0.54; 3 = 0.49 for
2020 verbal interviews; 3 = 0.34 for 2021 telephone interviews), nor was there a difference
in mean ingesta-VVAS score or energy intake between verbal or telephone interviews (data
not shown). However, it cannot be excluded that this played a role.

When exploring the discriminative properties of 12 additional questions on (symptoms
related to) reduced food intake, we found that the Ingesta-VVAS was retained in the final
model together with a question on “feeling sick”. The individual questions on ‘eating
less’, ‘problems eating’, ‘taste alterations’, ‘vomiting’, ‘painful mouth’, ‘feeling full quickly”
and ‘feeling sick’, were associated with a lower energy intake. Many patients reported
‘feeling fatigued” but this was not associated with a lower energy intake. The finding that
the ingesta-VVAS was retained in the final model with only one additional question shows
that it captures the predictive validity of virtually all other questions. Although adding the
question on ‘feeling sick” improved model performance, this was not a large improvement.

Besides the large study of Guerdoux et al. [3] and a recent study by the group of
Thibault et al. that evaluated the accuracy of the visual analogue scale for food intake as a
screening test for malnutrition in primary care [27], we are not aware of external validation
studies in a cohort of oncology patients. Thus, our study, the first in a non-French speak-
ing country, thereby provides an important contribution to the external validation of the
ingesta-VVAS. Strengths of our study were the inclusion of patients using ONS and outpa-
tients, allowing us to examine the validity of the ingesta-VVAS in these (sub)groups as well.
Moreover, we included multiple measurements per patients as in clinical practice screening
may also take place on different days. Of 206 patients, 79 were measured at least twice.
The strength of associations was consistent for the first and second measurement (3 = 0.42
for measurement one, § = 0.36 for measurement two) suggesting that the ingesta-VVAS
can be used to screen patients multiple times. Additionally, adjustment for repeated obser-
vations did not alter the results. The confidence interval of the AUC (95% CI 0.603-0.733)
shows that our study was not underpowered and the sample size large enough to justify
the conclusions.

Several limitations need to be mentioned. First, we used a single 24 h recall to
assess energy intake. This validates the ingesta-VVAS as a dietary snapshot to be able
to detect an acute drop in energy intake. However, multiple 24 h recalls are preferred
when measuring long-term exposure to dietary intake factors and for example incidence
of chronic diseases [28]. For use in such a long-term setting our validation method is not
optimal. We chose to repeat the original validation method by Guerdoux et al. [3] Second,
using a single 24 h recall increases the probability of recall bias and may result in lower
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accuracy of dietary intake assessment and thereby weaken observed correlations. Therefore,
all interviews were performed by experienced dietitians and we repeated the noted food
intake at the end of the recall to minimize recall bias.

5. Conclusions

Our study showed poor accuracy of the ingesta-VVAS in detecting low energy intake
in oncology patients undergoing chemotherapy as measured by a single 24-h dietary recall,
whether patients were in- or outpatients, used ONS or not, and whether the ingesta-VVAS
was assessed by telephone or to face-to-face. Adding a question on feeling sick only slightly
improved model performance. More external validation studies are necessary before the
ingesta-VVAS can be implemented in clinical practice.
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Abstract: In the FIGHTDIGO study, digestive cancer patients with dynapenia experienced more
chemotherapy-induced neurotoxicities. FIGHTDIGOTOX aimed to evaluate the relationship be-
tween pre-therapeutic handgrip strength (HGS) and chemotherapy-induced dose-limiting toxicity
(DLT) or all-grade toxicity in digestive cancer patients. HGS measurement was performed with
a Jamar dynamometer. Dynapenia was defined according to EWGSOP2 criteria (<27 kg (men); <16 kg
(women)). DLT was defined as any toxicity leading to dose reduction, treatment delay, or perma-
nent discontinuation. We also performed an exploratory analysis in patients below the included
population’s median HGS. A total of 244 patients were included. According to EWGSOP2 criteria,
23 patients had pre-therapeutic dynapenia (9.4%). With our exploratory median-based threshold
(34 kg for men; 22 kg for women), 107 patients were dynapenic (43.8%). For each threshold, dy-
napenia was not an independent predictive factor of overall DLT and neurotoxicity. Dynapenic
patients according to EWGSOP2 definition experienced more hand-foot syndrome (p = 0.007). Low
HGS according to our exploratory threshold was associated with more all-grade asthenia (p = 0.014),
anemia (p = 0.006), and asthenia with DLT (p = 0.029). Pre-therapeutic dynapenia was not a predictive
factor for overall DLT and neurotoxicity in digestive cancer patients but could be a predictive factor
of chemotherapy-induced anemia and asthenia. There is a need to better define the threshold of
dynapenia in cancer patients.

Keywords: digestive system neoplasms; dose-limiting toxicity; dynapenia; muscle strength;
sarcopenia; frailty; clinical nutrition; malnutrition

1. Introduction

Digestive cancers are among the most common spectrum of cancer in the world [1].
Anticancer agents have potential acute and chronic toxicities which may require treatment
dose adaptations. Identifying predictive factors could help physicians to prevent the
occurrence of chemotherapy-induced dose-limiting toxicity (DLT).

Low lean body mass and sarcopenia have been shown to predict anticancer drug
toxicity in patients with breast or colorectal cancer [2-4]. Sarcopenia was primarily de-
fined as the age-related progressive and generalized loss of skeletal muscle mass [5]. The
European Working Group on Sarcopenia in Older People (EWGSOP) extended the defi-
nition of sarcopenia as the association of low muscle mass, plus low muscle strength or
low physical performance, occurring in various diseases [6]. Many studies have evalu-
ated sarcopenia using measurements of muscle mass quantity or quality with whole-body
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imaging methods, especially computed tomography [7]. Nevertheless, these methods
are costly, time-consuming, irradiating, and not adapted for routine clinical practice. In
2019, EWGSOP2 recommended using the handgrip strength (HGS) measurement to screen
sarcopenia [5]. Loss of muscle strength, also named dynapenia [8], has been defined by
EWGSOP2 consensus as HGS < 27 kg in men and <16 kg in women, based on the geriatric
part of a cohort study [5,9].

Nevertheless, a great heterogeneity of cut-off points is presented in the literature, and
not adapted for cancer patients [9-11]. HGS has already proven its interest in the elderly,
since the loss of HGS has been associated with more postoperative complications, increased
length of hospitalization, higher rehospitalization rate, and poorer physical status [12,13].
In cancer patients, dynapenia has been associated with cancer-related fatigue [14], poor
quality of life [15], postoperative complications [16], and mortality [17]. HGS could also be
a reliable and effective tool to screen for malnutrition in digestive cancer patients [18].

The FIGHTDIGO study has demonstrated the feasibility and acceptability of HGS
measurement using a JAMAR dynamometer in an outpatient cancer unit [19]. An ancillary
analysis from a small sample of FIGHTDIGO patients suggested that patients with pre-
therapeutic dynapenia (defined by using cut-off points of <30 kg in men and <20 kg
in women) experienced more chemotherapy-induced dose-limiting neurotoxicity (DLN),
but no difference in terms of other DLT [20]. Considering the new HGS cut-off points
recommended by EWGSOP2 to define sarcopenia, additional studies are required to confirm
dynapenia as a potential predictor of DLN or DLT.

The present FIGHTDIGOTOX study aimed to assess the relationship between pre-
therapeutic HGS and chemotherapy-induced DLT and/or all-grade toxicity in digestive
cancer patients treated in an outpatient cancer unit.

2. Materials and Methods
2.1. Design and Population

FIGHTDIGOTOX is a comprehensive observational retrospective monocentric cohort
study including patients older than 18 years old, diagnosed with primary digestive cancer
and receiving an intravenous anticancer drug in the Oncology Day-Hospital of the Reims
university hospital in France. From November 2015 to December 2018, patients aged
more than 65 years-old had an HGS measurement before initiation of chemotherapy in
the prospective AgEIOn study (NCT02807129). From November 2018 to March 2020, each
newly admitted patient (waiting for a first anticancer drug infusion) was invited to perform
HGS measurement as part of the routine practice.

Patients were excluded if they had a history of previous anti-cancer treatment, did
not understand, or practice the HGS test, had any history of neuromuscular disorder,
had received exclusive oral chemotherapy or immunotherapy, and/or had early stopped
anticancer treatment (<1 cycle) unrelated to adverse effects.

2.2. Outcomes

The primary objective was to study the association between pre-therapeutic dynapenia
with chemotherapy induced all-grade toxicities and DLT. The secondary objective was
to analyze the same association using an exploratory median-based HGS threshold to
define dynapenia.

2.3. Ethical Approval

The study was conducted in accordance with the Helsinki Declaration. Informed
written consent was obtained from each patient enrolled in the AgEIOn trial. This trial was
approved by the ethics committee (Committee for the Protection of Person EST I DIJON,
25 March 2016) and was registered on Clinicaltrials.gov (NCT02807129). Patients’ records
were anonymized prior to analysis. The database was constituted in accordance with the
reference methodology MR004 of the French National Commission on Informatics and
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Liberty (CNIL). As per French regulations concerning the retrospective study, no informed
consent or additional ethical committee review was required.

2.4. Data Collection

Patients’ characteristics of interest (including sex, age, tumor location, disease stage,
comorbidities, anticancer drug regimen, concomitant radiotherapy, ECOG Performance
Status (PS), Body Mass Index (BMI), G8 score in older patients (tool to identify elderly
cancer patients who benefit from a comprehensive geriatric assessment)), and biological
characteristics (serum albumin level, C-reactive protein (CRP), lymphocyte count and the
modified Glasgow Prognostic Score (mGPS)) were retrospectively collected from medical
records. The mGPS was calculated from serum CRP and albumin levels and is known to be
an independent prognostic factor in oncology [21].

2.5. Handgrip Strength Measurement and Dynapenia Definition

HGS was measured with a Jamar hydraulic dynamometer which has already proven
its reliability [22]. HGS measurement was performed in all patients at baseline before the
administration of the antineoplastic treatment, either during the medical consultation or
during the first hospital stay.

The HGS measurement protocol was previously described by Ordan et al. [18]. There
were 5 possible handle positions, and position 2 is used in our daily practice. The test
was performed with the dominant and non-dominant hand. Patients performed maximal
isometric contraction within 3 s in both hands. A verbal motivation was given by the
physician to access their best score. After the first measurement, a one-minute break was
taken before the second measurement for each hand. The highest value from the four
measurements was finally collected.

The HGS test value was defined according to different thresholds. First, initially
planned analysis was performed using the newly validated EWGSOP2 criteria for dynape-
nia (HGS < 27 kg for men and <16 kg for women) [5]. Second, we defined dynapenia using
an additional exploratory threshold, as an HGS below the sex-based median of our popula-
tion. These definitions are designated as original (EWGSOP2) and exploratory, respectively.

2.6. Chemotherapy-Induced Dose-Limiting Toxicities (DLT), Dose-Limiting Neurotoxicity (DLN)
and All-Grade Chemotherapy-Induced Toxicities

Data on chemotherapy-induced toxicities occurring during the first six months after
the initiation of first-line chemotherapy were collected from each patient’s electronic health
record. All-grade toxicities during anticancer treatment were also collected (including
dose-limiting). Chemotherapy-induced toxicity was graded according to the National
Cancer Institute-Common Terminology Criteria for Adverse Events (NCI-CTCAE Version
5.0). Chemotherapy-induced DLT was defined as any toxicity leading to dose reduction
(temporary or permanent), treatment delays, or permanent treatment discontinuation.
Progressive disease as the cause of treatment discontinuation was not considered DLT. Pre-
therapeutic dose adaptation was defined as an initial dose reduction by individual clinical
appreciation considering patient profile (age, ECOG PS, organ failure, or malnutrition).

Toxicities were analyzed according to each chemotherapy side-effect profile. Neu-
ropathy was only considered in patients receiving oxaliplatin, cisplatin, and docetaxel;
hand-foot syndrome (HFS) and oral mucositis only in patients receiving 5-Fluorouracil
(5FU)- or capecitabine-based chemotherapy regimens. Finally, nausea and vomiting were
not considered in patients receiving 5FU or gemcitabine alone.

2.7. Statistical Analyses

Quantitative variables were expressed as mean and standard deviation or median and
interquartile range(s) (IQR) and compared using the non-parametric Kruskal-Wallis test.
Qualitative data were described by frequencies and percentages and compared with the
Chi-square test or Fisher’s exact test when appropriate. All p-values were two-sided, and
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a p-value < 0.05 was considered significant. The tests were performed to compare all-grade
and dose-limiting toxicities with the original and the exploratory dynapenia thresholds.
An additional multivariate analysis was performed including significant patient character-
istics in a stepwise regression multivariate analysis. All data were collected using Epilnfo
7.2.5.0 and analyzed using R Studio (R Core Team, 2022).

3. Results
3.1. Characteristics of Patients

A total of 322 medical records were screened and 244 patients were included (Figure 1).
The characteristics of the included population are described in Table 1.

Eligible patients (n=322)!

- Oral chemotherapy or immunotherapy (n=17)

Excluded (n=78) - Preexisting neuropathy (n=13)

¥

A

pJ

- Non-naive chemotherapy patients (n=24)
- Less than two cycles received (1=17)
- No chemotherapy received (n=7)

Included patients (n=244)

5

4

Number of DLT (n=134)
Number of DLN (n=76)

Figure 1. Flow chart of the FIGHTDIGOTOX study. Abbreviations: DLN: dose-limiting neurotoxicity;
DLT: dose-limiting toxicity; UMA-CH, ambulatory cancer unit. ! 69 patients were assessed in AgEIOn.

The median age was 69 (IQR, 59.0-74.0) years and the sex ratio was balanced. Colorec-
tal cancer was the most common primary tumor site (1 = 105, 43.2%). Eighty-four patients
(34.4%) were diagnosed with localized disease, whereas 103 (42.2%) were at a metastatic
stage. Forty patients (16.4%) underwent a combination of chemotherapy and biotherapy.
Most anticancer drugs were potentially neurotoxic (1 = 189, 77.4%) and the most frequently
received chemotherapy regimen was FOLFOX (infusional and bolus 5FU, leucovorin plus
oxaliplatin) (1 = 96, 39.3%).

3.2. Handgrip Strength (HGS)

The mean HGS value was 35.8 & 8.5 kg for men and 22.8 £ 6.3 kg for women. Ac-
cording to the original EWGSOP2 criteria, 23 patients (9.4%) were defined as dynapenic,
including 13 men and 10 women. The median HGS value, defining our exploratory thresh-
old was 34 kg (IQR: 30-41.5) for men and 22 kg (IQR: 19-28) for women. According to our
exploratory definition, 107 patients (43.8%) were considered dynapenic, including 57 men
and 50 women.
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Table 1. Overall population characteristics and according to dynapenia (EWGSOP?2 criteria).

Characteristics .
of Patients Level Overall Dynapenia ! Normal HGS ! p-Value
Total, 1 (%) 244 23 (9.4) 221 (90.6)
Sex, 1 (%) Female 109 (44.7) 10 (43.5) 99 (44.8) 1.000
PR Male 135 (55.3) 13 (56.5) 122 (55.2)
Age, median (IQR) 69.0 (59.0-74.0) 73.0 (69.0-81.5) 68.0 (58.0-73.0) <0.001
BMI, median (IQR) 24.6 (21.5-28.6) 24.6 (21.1-29.4) 24.6 (21.6-28.6) 0.862
0 66 (27.0) 0(0.0) 66 (29.9)
. 1 150 (61.5) 14 (60.9) 136 (61.5)
ECOG PS, 1 (%) ) 26.(10.7) 8 (34.8) 18 6.1) <0.001
3 2(0.8) 1(4.3) 1(0.5)
Serum albumin level,
median (IQR) 39.0 (36.0-42.0) 36.0 (33.0-40.0) 39.0 (37.0-42.0) 0.012
CRP, median (IQR) 9.0 (4.0-33.2) 19.0 (4.5-40.5) 8.0 (4.0-33.0) 0.114
0 118 (48.4) 5(21.7) 113 (51.1) 0.006
mGPS, n (%) 1 87 (35.7) 10 (43.5) 77 (34.8)
2 39 (16.0) 8(34.8) 31 (14.0)
o No 226 (92.6) 21 (91.3) 205 (92.8) 0.681
Lymphopenia, 7 (%) Yes 18 (7.4) 2(87) 16 (72)
GS8 score, median 2 (IQR) 12.0 (11.0-15.0) 10.0 (8.8-12.0) 13.0 (11.0-15.0) 0.002
Colon and rectum 105 (43.2) 16 (69.6) 89 (40.5) 0.339
Primary tumor location Stomach 26 (10.7) 2(8.7) 24 (10.9)
Y 1 (%) ! Esophagus 18 (7.4) 2(8.7) 16 (7.3)
° Pancreas 69 (28.4) 2(8.7) 67 (30.5)
Others 3 25(10.2) 25 (11.1)
Stage, 1 (%) Localized 84 (34.4) 9(39.1) 75 (33.9) 0.784
Locally advanced 57 (23.4) 4(17.4) 53 (24.0)
Metastatic 103 (42.2) 10 (43.5) 93 (42.1)
mg;sft‘::ffs‘i’fes 1 68 (65.4) 7 (70.0) 61 (64.9) 1.000
nCly >2 36 (34.6) 3(30.0) 33 (35.1)
5FU + Oxaliplatin 96 (39.3) 12(52.2) 84 (38.0) 0.170
Chemotherapy regimen 5FU + Irinotecan + Oxaliplatin 69 (28.3) 3(13.0) 66 (29.9)
; (H gimen, 5FU alone 24 (9.8) 6 (26.1) 18 (8.1)
° Gemcitabine 18 (7.4) 18 (8.1)
Others * 37 (15.1) 2 (8.6) 35 (16.2)
None 204 (83.6) 18 (78.3) 186 (84.2) 0.305
Biotherapy, 1 (%) Bevacizumab 26 (10.7) 5(21.7) 21(9.5)
Others ° 14 (5.7) 14 (6.3)
Concomitant No 222 (91.0) 22 (95.7) 200 (90.5) 0.704
radiotherapy, 1 (%) Yes 22 (9.0) 1(4.3) 21(9.5)

Abbreviations: 5FU: 5 Fluorouracil; BMI: Body Mass Index; CRP: C-reactive protein; ECOG PS: Eastern Coop-
erative Oncology Group Criteria Performance Status; HGS: handgrip strength; IQR: interquartile range; mGPS:
modified Glasgow prognosis score. ! According to the EWGSOP2 definition; > Data available for 82 patients;
3 Other localizations: biliary tract ( = 8), small intestine (1 = 7), ampulla of Vater (1 = 3), neuroendocrine tumor
(n =4), appendix (1 = 1), anal (1 = 1), unknown primary (1 = 1); * Other chemotherapy: 5FU + Irinotecan (1 = 8),
5FU + Oxaliplatin + Docetaxel (1 = 9), 5FU + Cisplatin (n = 1), 5FU + Dacarbazine (n = 3), Carboplatin-Etoposide
(n = 1), Gemcitabine + Cisplatin (n = 4), Gemcitabine + Oxaliplatin (n = 3), Capecitabine + Oxaliplatin (n = 7),
Capecitabine + Mitomycin (1 = 1); > Other biotherapy: Panitumumab (1 = 10), Trastuzumab (1 = 4).

3.3. Chemotherapy-Induced DLT

A total of 134 patients (54.9%) experienced chemotherapy-induced DLT. The most
frequent DLT was neurotoxicity (n = 76, 41.3%). Patients with dynapenia according to the
original EWGSOP2 definition were significantly older (p < 0.001), with worse ECOG PS
(p < 0.001) and G8 score (p = 0.002), and lower serum albumin levels (p = 0.012).

The repartition of DLT according to dynapenia as defined by the original EWGSOP2
criteria is shown in Table 2.
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Table 2. Association between dynapenia (original EWGSOP2 criteria) and chemotherapy-induced
dose-limiting toxicity (DLT).

Dose Limiting Toxicity 8‘:;:}11) Dy(r:lafgg)ia ' No:;n:lzléll(); s p Value
All Type (%) 134 (54.9) 13 (56.5) 121 (54.8) 1.000
Neuropathy 2 76 (41.3) 7 (46.7) 69 (40.8) 0.786
Asthenia (%) 24 (9.8) 5(21.7) 19 (8.6) 0.059
Diarrhea (%) 20 (8.2) 2(8.7) 18 (8.1) 1.000
Nausea > (%) 4(2.0) 1(5.9) 3(1.6) 0.298
Vomiting 3 (%) 4(2.0) 0(0) 4(22) 1.000
Neutropenia (%) 28 (11.5) 0(0) 28 (12.7) 0.086
Anemia (%) 6(2.5) 1(4.3) 5(2.3) 0.451
Thrombopenia (%) 13 (5.3) 2(8.7) 11 (5.0) 0.352
Hand foot syndrome 4 (%) 4(1.9) 2(9.1) 2(1.1) 0.075
Oral mucositis # (%) 3(1.2) 0(0) 3(1.4) 1.000

Abbreviations: DLT; dose-limiting toxicity; HGS: handgrip strength. ! According to the EWGSOP2 definition;
2 Only patients receiving neurotoxic chemotherapy (1 = 184); 3 Patients receiving 5FU and gemcitabine alone were
not analyzed for this adverse effect (1 = 202); * Only patients receiving 5FU- or capecitabine-based chemotherapy
regimen (n = 210).

There was no significant association between dynapenia and overall type of DLT.
Asthenia (21.7% versus 8.6%, p = 0.059) and hand-foot syndrome (HFS) (9.1% versus 1.1%,
p = 0.075) tended to be a more frequent cause of DLT in patients with dynapenia than in
patients without. No association was found between dynapenia and DLN (p = 0.786). No
additional multivariate analysis was performed for the original HGS threshold due to the
limited number of patients diagnosed with dynapenia.

The repartition of DLT according to our exploratory HGS median-based thresh-
old is described in Table 3. Using this definition, patients with exploratory low HGS
were significantly older (p < 0.001) and had a worse ECOG PS (p = 0.006), mGPS score
(p = 0.020), and G8 score (p = 0.050). A significantly higher rate of dose-limiting asthe-
nia was observed in patients with below median-based HGS threshold (15% versus 5.8%,
p = 0.029). The planned multivariate analysis for the median-based threshold, adjusted on
age over 65 years, G8 score, ECOG PS, and mGPS did not show any significant relationship
with asthenia (p = 0.78) or all DLT combined (p = 0.2).

3.4. All-Grade Toxicity (Dose-Limiting or Not)

The observed all-grade toxicities according to dynapenia as defined by the original
EWGSOP2 criteria are shown in Table 4. Patients with dynapenia experienced more HFS
(18.2% versus 3.2%, p = 0.007) and tended to experience more grade 3—4 diarrhea (25%
versus 10%, p = 0.071) (Supplementary Table S3).

The observed all-grade toxicities according to our exploratory median-based HGS
threshold are shown in Table 5. Patients with exploratory low HGS experienced more
anemia (77.6% versus 59.9%, p = 0.006), more asthenia (97.2% versus 87.6% p = 0.014), and
less vomiting (18.1% versus 30.3%, p = 0.047).
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Table 3. Association between low handgrip strength on median-based analysis (exploratory low
HGS) and chemotherapy-induced dose-limiting toxicity (DLT).

Dose Limiting Overall Exploratory Low HGS ! Normal HGS ! p-Value for Univariate p-Value for Multivariate
Toxicity (n =244) (n=107) (n=137) Analysis Analysis *

All Type (%) 134 (54.9) 32 (29.9) 40 (29.2) 1.000 02
Neuropathy 2 76 (41.3) 26 (36.1) 50 (44.6) 0.285 -

Asthenia (%) 24 (9.8) 16 (15.0) 8(5.8) 0.029 0.78
Diarrhea (%) 20 (8.2) 9 (8.4) 11 (8.0) 1.000 -
Nausea > (%) 4(2.0) 2(2.4) 2(1.7) 1.000 -
Vomiting 3 (%) 4(2.0) 1(1.2) 3(2.5) 0.645 -
Neutropenia (%) 28 (11.5) 10 (9.3) 18 (13.1) 0.421 -
Anemia (%) 6 (2.5) 4(37) 2(15) 0.409 -
Thrombopenia (%) 13 (5.3) 5(4.7) 8(5.8) 0.779 -
Hand foot 1(19) 222 2(17) 1.000 -

syndrome * (%)

Abbreviations: DLT: dose-limiting toxicity; HGS: handgrip strength; mGPS: modified Glasgow prognosis score.
1 HGS cut-off based on the median in the population as HGS <34 kg for men and <22 kg for women; 2 Only
patients receiving neurotoxic chemotherapy (1 = 184);  Patients receiving 5FU and gemcitabine alone were not
analyzed for this adverse effect (n = 202);  Only patients receiving 5FU- or capecitabine-based chemotherapy
regimen (n = 210); * Multivariate analysis was adjusted on age over 65 years, performance status, G8 score, and
mGPS; -: statistical analysis not performed due to futility.

Table 4. Association between dynapenia (original EWGSOP2 criteria) and all-grade chemotherapy-
induced toxicities (dose-limiting and not).

Toxicity Overall Dynapenia ! Normal HGS !

(All Grade) (n = 244) (n=23) (n = 221) p Value
Neuropathy 2 (%) 174 (94.6) 14 (93.3) 160 (94.7) 0.582
Asthenia (%) 224 (91.8) 23 (100.0) 201 (91.0) 0.303
Diarrhea (%) 139 (57.0) 12 (52.2) 127 (57.5) 0.693
Nausea > (%) 115 (56.9) 9 (52.9) 106 (57.3) 0.801
Vomiting 3 (%) 51(25.2) 3(17.6) 48 (25.9) 0.605
Neutropenia (%) 60 (24.6) 3(13.0) 57 (25.8) 0.286
Anemia (%) 165 (67.6) 19 (82.6) 146 (66.1) 0.238
Thrombopenia (%) 73 (29.9) 10 (43.5) 63 (28.5) 0.235
Hand foot syndrome 4 (%) 10 (4.8) 4(18.2) 6(3.2) 0.007
Oral mucositis # (%) 29 (11.9) 2(8.7) 27 (12.2) 0.836

Abbreviations: DLT: dose-limiting toxicity; HGS: handgrip strength. ! According to the EWGSOP2 definition;
2 Only patients receiving neurotoxic chemotherapy (1 = 184); 3 Patients receiving 5FU and gemcitabine alone were
not analyzed for this adverse effect (1 = 202); * Only patients receiving 5FU- or capecitabine-based chemotherapy
regimen (n = 210).

Table 5. Association between low handgrip strength on median-based analysis (exploratory low
HGS) and all-grade chemotherapy-induced toxicities (dose-limiting and not).

Toxicity Overall Exploratory Low HGS!  Normal HGS !
(All Grade) (n = 244) (1 =107) w=137)  PValue
Neuropathy 2 (%) 174 (94.6) 66 (91.7) 108 (96.4) 0.193
Asthenia (%) 224 (91.8) 104 (97.2) 120 (87.6) 0.014
Diarrhea (%) 139 (57.0) 56 (52.3) 83 (60.6) 0214
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Table 5. Cont.

Toxicity Overall Exploratory Low HGS'  Normal HGS !

(All Grade) (n = 244) (n = 107) (n = 137) p Value
Nausea 3 (%) 115 (56.9) 41 (49.4) 74 (62.2) 0.084
Vomiting ® (%) 51 (25.2) 15 (18.1) 36 (30.3) 0.047
Neutropenia (%) 60 (24.6) 26 (24.3) 34 (24.8) 1.000
Anemia (%) 165 (67.6) 83 (77.6) 82 (59.9) 0.006
Thrombopenia (%) 73 (29.9) 32(29.9) 41(299) 1.000
Synkéigig’fz%) 10 (4.8) 5(5.4) 5(43) 0.629
Oral mucositis * (%) 29 (11.9) 15 (14.0) 14(10.2) 0.455

Abbreviations: DLT: dose-limiting toxicity; HGS: handgrip strength. 1 HGS cut-off based on the median in the
population as HGS < 34 kg for men and <22 kg for women; 2 Only patients receiving neurotoxic chemotherapy
(1 = 184); 3 Patients receiving 5FU and gemcitabine alone were not analyzed for this adverse effect (n = 202);
4 Only patients receiving 5FU- or capecitabine-based chemotherapy regimen (1 = 210).

4. Discussion

In the present study, pre-therapeutic dynapenia was not associated with chemotherapy-
induced DLT in digestive cancer patients receiving first-line chemotherapy. Patients with
dynapenia, as defined by EWGSOP2, seemed to experience more HFS and serious diarrhea.
However, the current threshold used to define dynapenia is not consensual, especially
in cancer patients [11]. Consequently, we performed an exploratory analysis based on
the median HGS of our population. Using this new threshold to define dynapenia, we
observed more dose-limiting asthenia and anemia.

The prevalence of DLT was 54.9% in this study. Previous studies observed similar
DLT rates [20,23]. Botsen et al. reported 49% of chemotherapy-induced DLT in digestive
cancer patients [20]. Celik et al. observed 52% of DLT in digestive cancer patients receiving
platinum-based chemotherapy [23]. He also described higher rates (78.9%) in patients
with sarcopenia (defined as a low muscle mass measured on a computed tomography),
suggesting its potential role in predicting chemotherapy-induced DLT. Nonetheless, HGS
alone seemed to be insufficient to predict the occurrence of DLT [23]. In another study,
Lakenman et al. showed an association between low HGS and DLT during neoadjuvant
chemoradiation in patients with esophageal cancer [24]. In this study, dynapenia was
defined below the tenth percentile (HGS < 37.6 kg for men and <23.6 kg for women) [24].

Conversely to the FIGHTDIGO study, and despite a larger sample without a selection
bias of non-neurotoxic treatment, we did not find any association between pre-therapeutic
dynapenia and DLN [20]. Because dynapenic patients were less exposed to major
neuropathic-providing chemotherapies such as docetaxel and cisplatin, they could ex-
perience less DLN.

Indeed, patients with exploratory low HGS were significantly older and had a worse
ECOG PS, mGPS score, and geriatric G8 score. Our results are in line with the known
association of low HGS with markers of functional and nutritional status [18,25], age [26],
and geriatric G8 score [27]. These findings support the usefulness of HGS measurement as
an interesting additional tool to identify frailty in cancer patients.

In the exploratory analysis, in which low HGS was defined by a HGS value below
the sex-based median, patients experienced more dose-limiting asthenia in univariate
analysis. Kilgour et al. have already observed more fatigue in patients with weaker muscle
strength [14]. Additionally, asthenia could be a part of the cachexia syndrome [28], which
is defined as a metabolic syndrome associated with an underlying chronic disease and
characterized by a loss of skeletal muscle mass [6]. Cachexia is generally associated with
chronic inflammation [29-31]. Sarcopenia, cachexia, and asthenia share common and
overlapping characteristics. Our findings might be an additional item for the interaction
between these different clinical entities. HGS could be used for the assessment of sarcopenia
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in daily practice as a part of the spectrum of cachexia [5]. However, due to low statistical
power, the higher risk of a false positive association should be taken into account. Despite
the absence of a strong statistical association, dynapenia seems to be a part of a larger
frailty syndrome.

In the same analysis, patients with exploratory low HGS tend to experience more
frequent all-grade anemia but not DLT. Previous studies have shown higher hematological
toxicity in patients with lower HGS and sarcopenia [32,33]. However, this toxicity is
commonly managed by blood transfusion support and/or erythropoiesis-stimulating
agents before treatment’s dose adaptation or delay [34,35]. Cancer-induced inflammation
inhibits hematopoiesis by the interaction of interleukin 6 and tumor necrosis factor-alpha
(TNF-«) [36]. However, the role of cachexia remains unclear. In a prospective study,
Rocha et al. described an increased risk of grade 3—4 toxicities in the first three cycles of
chemotherapy in patients with cachexia treated for gastrointestinal cancer [37]. However,
their follow-up was shorter in comparison with our study, and potential consequences
of cachexia on erythropoiesis have not been detected due to the lifespan of blood cells.
In non-cancer populations, the association between anemia and low HGS has already
been described [38]. Our results suggest that HGS could be interesting to improve the
management of cancer-related anemia and be a part of the adaptation of supportive care.

Patients with dynapenia also experienced more HFS (p = 0.007). This result relies on
a very low number of patients and should be interpreted with caution. Risk factors of HFS
have been previously described, including age, sex, and genetic susceptibilities [39,40].
To our knowledge, no association between muscle strength and HFS has been previously
observed. Gokyer et al. described higher DLT and HFS rates in the sarcopenic population
with colorectal cancer receiving regorafenib [41]. Although, HGS was not measured [41].

Patients with dynapenia as defined by our exploratory thresholds experienced less
vomiting without DLT. This group had fewer chemotherapy combinations (such as FOLFIRI-
NOX or TFOX) which are associated with more vomiting [42]. However, the population
with exploratory low HGS was older, whereas younger patients are at greater risk of
chemotherapy-induced nausea and vomiting [43].

Sarcopenia had already shown promising results in predicting chemotherapy-related
toxicity but adapted criteria for assessment are needed [11]. Low lean body mass was
associated with the increased occurrence of chemotherapy-related toxicities [44]. The
relationship between body composition and pharmacokinetics of chemotherapy is also well
established [45]. Recently, Cereda et al. demonstrated that muscle weakness was a better
predictor of survival than skeletal muscle mass estimated by bioelectrical impedance
analysis [46].

Heterogeneous cut-off points have been previously described to define
dynapenia [9,10,17,24,47]. Nowadays, the gold standard is the EWGSOP2 definition, based
on Dodds et al. study [9]. However, most of these thresholds (including the current gold
standard) have been established in non-oncologic geriatric populations. Thus, this lack of
consensus is an issue that still needs to be addressed as it hampers comparisons between
studies and the emergence of new guidelines for daily oncology practice. Indeed, the con-
sequences of cancer on muscle strength are not included in the used definitions. Therefore,
an exploratory cut-off point was assessed in our study, but further prospective studies are
needed to validate its relevance. A recent study based on 6182 patients found that HGS
cut-offs of <36 kg for men and <23 kg for women were the best ones to predict mortality in
the elderly [48]. Their new thresholds are similar to those defined by Lakenman et al. in
oesophageal cancer patients and in our exploratory analysis [24,48].

The present study had several limitations. First, the study was based on a retrospective
examination of medical records which limits the exhaustive collection of every toxicity.
However, our oncology unit has a strong culture of grading and tracing every toxicity.
Moreover, chemotherapy was prescribed on a unique software limiting selection bias.
Second, some comorbidities influencing DLT were not recorded, such as heart failure or
renal insufficiency. The use of the Charlson Comorbidity Index could have been useful to
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prevent a possible confusion bias. Third, the included population was heterogeneous with
various types of digestive cancers and chemotherapy regimens. Fourth, we observed a very
limited number of DLT, hindering the pre-planned multivariate analysis that could have
helped us better understand the interaction between potential confusion factors. This study
also presented several strengths including the analysis of a large cohort of outpatients with
digestive cancer and providing real-life daily-practice data.

HGS measurement with the JAMAR dynamometer is an easy-to-use, portable and
economical way to screen for dynapenia in daily clinical practice [19]. Further studies could
focus on the prevention of potential toxicities, the evolution of HGS throughout the anti-
cancer treatment program, or the usefulness of Adapted Physical Activity (APA) programs
in sarcopenic patients. Muscle strength follow-up could be used in daily practice during
APA programs. Recently, APA has been reported as feasible in cancer outpatients beginning
medical anticancer treatment [49]. Indeed, recent studies have shown improvement in
quality of life and a reduction in fatigue through physical activity [50].

5. Conclusions

In conclusion, digestive cancer outpatients with pre-therapeutic dynapenia, according
to EWGSOP2 criteria, do not seem to have more chemotherapy-induced DLT. Based on
an exploratory higher cut-off point, low HGS could be a predictive factor of chemotherapy-
induced anemia and asthenia. There is a growing need to better define the HGS cut-off
points of dynapenia in cancer patients. The HGS measurement is easily use in daily practice,
non-invasive and inexpensive. The diagnosis of dynapenia could help the care provider to
better assess patients’ frailty, and to adjust nutritional care and APA before the appearance
of chemotherapy-induced toxicities.
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between low hand grip strength based on the median (exploratory low HGS) and chemotherapy-
induced toxicities and DLT (detailed grades and therapeutic modifications). Table S3: Association
between dynapenia based on EWSGOP?2 criteria and chemotherapy-induced toxicities and DLT
(detailed grades and therapeutic modifications).
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Abstract: Introduction: Medium-chain fatty acids contain 6-12 carbon atoms and are absorbed
directly into the blood vessels, proceeding to the portal vein and, finally, to the liver, where they are
immediately utilized for energy. We aimed to determine the medium-chain fatty acid levels in women
with and without breast cancer. Materials and Methods: A total of 200 women (100 breast cancer
subjects and 100 control subjects) were recruited for the study as per the inclusion and exclusion
criteria. Blood samples were collected for biochemical estimations. Fatty acid methyl esters were
isolated, and medium-chain fatty acid levels in plasma were analyzed using gas chromatography
(GC-FID). Statistical analysis was performed using SPSS 20.0 software; p < 0.05 was considered
statistically significant. Results: The fatty acid analysis revealed a significant decrease in the levels of
caprylic acid (C:8) and lauric acid (C:12) and a significant increase in the level of capric acid (C:10) in
the breast cancer subjects when compared to the control group. The level of caproic acid (C:6) was
not significantly increased in the breast cancer subjects. In particular, the HER2- and ER-positive
breast cancer subjects showed a decrease in their caprylic acid and lauric acid levels compared to
other receptors. Conclusions: The results of the current study imply that lower levels of caprylic and
lauric acid may be associated with a higher risk of breast cancer. The relevance of medium-chain
fatty acids for preventive and therapeutic interventions will be amplified by further research on the
possibility that alteration in a patient’s medium-chain fatty acid composition may mechanistically
contribute to disease progression or breast cancer risk.

Keywords: breast cancer; medium-chain fatty acids; lauric acid; caprylic acid

1. Introduction

Breast cancer is the major cause of cancer-related death in women. In India, in the year
2018, 162,468 women were newly diagnosed with breast cancer and 87,090 women died
of breast cancer [1]. It is indisputable that the existing chemotherapy is effective in cancer
treatment, though the presence of undesirable adverse effects has activated a demand
for new therapeutic agents. Breast cancer risk factors have been recognized, including
hereditary inheritance, environmental exposure, infection, reproductive characteristics, and
diet. The nutritional risk factors of breast cancer include dietary fats [2], even though the
epidemiological evidence is still ambiguous. This controversy exists partially because body
fat is usually studied according to the total fat content, the type of fatty acid (saturated,
monounsaturated, or polyunsaturated), or in terms of origin. Therefore, even though
certain fatty acids are thought to have a significant impact on a variety of biological
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processes, including tumor development and progression, little attention has been paid
to them.

Medium-chain fatty acids (MCFAs) are saturated fatty acids with 6 to 12 carbon atoms.
Coconut oil (CO) and palm kernels are some natural sources. Increased levels of long-chain
fatty acids (LCFA) are also related to an increased risk of breast cancer [3]. Contrary to
LCFAs, MCFAs must be combined into chylomicrons before entering the liver. However,
dietary medium-chain fatty acids are quickly absorbed in the gastrointestinal tract and
are transported into the bloodstream through direct contact with albumin [4,5] via the
portal vein; once there, they reach the liver and are metabolized through B-oxidation in
mitochondria [6]. Caproic acid (C:6), caprylic acid (C:8), capric acid (C:10), and lauric
acid (C:12) are the most common medium-chain fatty acids. They have proven anticancer
effects on human breast, skin, and colorectal cancer cells invitro [6]. Coconut oil, a source
of MCFA's is a credible nutraceutical for cancer prevention [7]. A cohort study has revealed
that MCFAs are valuable early diagnostic biomarkers of colorectal cancer [8]. To potentiate
our understanding of the possible relationship between MCFAs and breast cancer, this
case—control study was undertaken on a relatively stable and homogeneous population to
determine the level of specific MCFAs in breast cancer subjects and controls and to assess
the possible association between specific MCFAs and breast cancer risk.

2. Materials and Methods

The study was approved by the Central Ethics Committee of Nitte (Deemed to be a
University). A total of 100 histopathologically proven breast cancer subjects and 100 control
subjects attending the OPD for general health check-ups between the age of 25-60 were
recruited for the study after obtaining informed consent. Demographic data such as age,
BMI (Body Mass Index), diet, menopausal status, and first-degree family history with
biochemical parameters like Hb (Hemoglobin), RBS (Random blood sugar), platelet count,
blood urea, creatinine concentration, ALP (Alkaline phosphatase), AST (Aspartate amino-
transferase), ALT (Alanine transaminase), Na*, K*, Cl~, total bilirubin, albumin, globulins,
A/G (Albumin/globulin) ratio, and total protein were noted. Clinical characteristics such
as TNM (Tumor Node Metastases) stage, tumor size, receptor status, grade, and histological
type were noted in breast cancer subjects. A total of 3 mL of blood was collected for from
each subjects.

2.1. Selection of Subjects

The study group included 100 women as per the inclusion and exclusion criteria.
Subjects diagnosed with breast cancer proven through pathology reports without any
treatment were included in the study. Subjects who had breast implants or any malignancies
were excluded from the study. We recruited 100 age-matched control women who attended
the oncology OPD and not undergone breast-conserving surgery/not reported breast
cancer at the time of enrollment. Control subjects, pregnant women, and any other benign
proliferations were excluded from the study. A total of 3 mL of the blood was collected
from the recruited subjects, plasma samples and stored at —20 °C and until further analysis.

2.2. Estimation of Lipid Profiles

TC (Total Cholesterol), TG (Triglycerides), and HDL-C (High-density lipoprotein choles-
terol) levels were analyzed using commercially available kits (Liqui CHEKTM AGAPPE).
Friedewald formula was used for LDL-C (Low-density lipoprotein cholesterol) and VLDL-C
(Very low-density lipoprotein cholesterol) calculation [9]. The formation of malondialdehyde
(MDA) was estimated using a standardized protocol by Buege, J. A et al. [10].

2.3. Medium-Chain Fatty Acid Analysis

Lipid transesterification of stored plasma to fatty acid methyl esters (FAMEs) was
performed according to the modified protocol of Metcalfe et al. [11]. Fatty acid levels were
determined in the presence of internal standard (1 mg/mL methyl heptadecanoate-C17:0,
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Sigma Aldrich). Extraction of the total plasma medium-chain fatty acid was performed
via the hydrolysis of esters and then derivatization of esters under alkaline conditions in
14% boron trifluoride-methanol for 5 min at 100 °C to form FAMEs. Then, these fatty acids
were measured using gas chromatography (GC-FID). Extracted FAMEs were analyzed on a
7820A Agilent GC-FID (flame ionization detector) with ] and W DB-23 high-quality columns.
Individual medium-chain fatty acids were identified by comparing their elution times with
relative medium-chain fatty acid standards. Fatty acids were calculated according to their
comparative abundance with respect to the internal standard added. The quantity of
individual medium-chain fatty acid was calculated as the percentage of the total medium-
chain fatty acid concentration within each sample.

3. Statistical Analysis

Statistical analysis of the obtained results was performed using GraphPad Prism,
Version 8.0.2 (GraphPad Software, Inc., La Jolla, CA, USA). Categorical variables were
analysed using a chi-square test. Student’s t-test was used to compare the two groups.
The Mann-Whitney U test was used for non-parametric variables. To correlate the non-
parametric variables with each other for all subjects, the Spearman’s correlation coefficient
test was used. All statistical tests were two-sided, and p < 0.05 was considered significant.

4. Results
4.1. General Characteristics of the Study Population

A total of 200 participants were included in this study. Of them, 100 were control sub-
jects and 100 were breast cancer subjects. The demographic characteristics are summarized
in Table 1. The mean age (£SD) was 46.731 £ 10.846 years for the control subjects and
50.04 + 10.611 years for the breast cancer subjects, and the age distribution of the control
subjects and breast cancer subjects was similar. Out of 100 control subjects, 52% were
pre-menopausal and 48% were post-menopausal, whereas in the 100 breast cancer subjects,
31% were pre-menopausal and 69% were post-menopausal. Out of the 100 control subjects,
3% had a BMI of <18.5, 70% had BMI of 18.5-24.9, and 27% had a BMI of >25. Whereas
in the breast cancer subjects, 2% had a BMI of <18.5, 58% had a BMI of 18.5-24.9, and 40%
had a BMI of >25. The mean BMI and age showed a significant difference between the
breast cancer subjects and the control subjects. The family history of the breast cancer in
the first-degree relatives among the cases and controls indicated that the cases were likely
to have a higher proportion of first-degree relatives (mother, sisters, and daughters) with
breast cancer (<0.040). History regarding menopausal status and diet did not exhibit a
significant case-control difference in the present study.

Among the 100 breast cancer subjects, 63 had invasive ductal carcinoma and 37 had
invasive lobular carcinoma. Concerning the clinicopathological differences among the
individuals in the two types of breast cancer groups, there was no significant difference
observed with TNM stage, tumor size, lymph node status, and receptor status of breast
cancer, but a significant difference was observed concerning grade (p < 0.027). The clinico-
pathological characteristics are summarized in Table 2.

Table 1. Demographic characteristics of the study population.

Variables Control (n = 100) Case (n = 100) p Value
Age
Total 46.731 4+ 10.846 50.04 £+ 10.611 <0.04*
<45 59 35
45-54 24 33 0.072
55-64 9 24
>65 8 8
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Table 1. Cont.

Variables Control (1 =100) Case (1 = 100) p Value
BMI
Total 21.232 £ 2.870 22.117 + 3.448 <0.001 **
<185 3 2
18.5-24.9 70 58 0.050
>25 27 40

Menopausal status (%)

Pre-menopausal 52 31
0.072
Post-menopausal 48 69
First-degree family history (%)
Yes 2 1
<0.040 *
No 98 89
Diet (%)
Mixed 87 85
0.833
Vegetarian 13 15

Age and BMI is represented as mean =+ SD. Subgroups of Age and BMI, Menopausal status, First-degree family
history, and Diet variables are given in percentages. p value was calculated using the Student’s t-test for parametric
variables. ** p < 0.001; * p < 0.05. Categorical variables was tested using the chi-square test.

Table 2. Clinical characteristics of women with breast cancer.

Invasive Ductal Carcinoma Invasive Lobular Carcinoma

Tumor Characteristics 1 (%) 1 (%) p Value
(n = 63) (n=37)
TNM Stage
I 11 (18) 9 (24)
I 24 (38) 10 (27) 0.477
m1/1v 28 (44) 18 (49)
Tumor size (cm)
<2.0 16 (25) 16 (43)
2.0-4.9 20 (32) 6 (16) 0.105
>5.0 27 (43) 15 (41)
Lymph Node status
Positive 42 (67) 25 (68)
Negative 21 (33) 12 (32) 0553
Receptor status
ER + Ve 6 (10) 11 (30)
HER2 + Ve 14 (22) 4(11)
ER/PR + Ve 11 (18) 5(13) 0144
ER/HER2 + Ve 11 (17) 7 (19)
ER/PR/HER2 + Ve 11 (17) 4(11)
TNBC 10 (16) 6 (16)
Grade
2 41 (65) 16 (43)
4 22 (35) 21 (57) <0077

The variables—TNM stage, tumor size, lymph node status, receptor status, and grade—are presented as percent-
ages. For categorical variables, the statistical significance of the two groups was tested using a chi-square test.
*p < 0.05 was considered statistically significant. Abbreviations: TNM—Tumor Node Metastases; ER—Estrogen
Receptor; HER2—Human Epidermal Growth Factor Receptor 2; PR—Progesterone Receptor; TNBC—Triple-
Negative Breast Cancer.
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4.2. Comparison of Biochemical Parameters in the Study Population

The random blood glucose level was significantly higher in the breast cancer subjects
than in the control group. The mean Hb level was significantly lower in the breast cancer
subjects than in the control group. The levels of TC, TG, HDL-C, LDL-C, VLDL-C, and MDA
were also examined and are shown in Table 3. The levels of TC, TG, VLDL-C, and MDA in
the breast cancer subjects were significantly increased when compared to the control group.
Whereas the HDL-C levels were significantly decreased in the breast cancer subjects. The
mean values regarding the ALT, blood urea, creatinine, albumin, and globulin levels were
significantly increased in the breast cancer group compared to the control group.

Table 3. Comparison of the biochemical parameters in subjects with and without breast cancer.

Parameters Control (1 =100) Breast Cancer (1 = 100) p Value
RBS (mg/dL) 105.332 £ 7.695 136.600 + 72.074 <0.001 **
Hematological Parameters
Hb (g/dL) 13.273 + 0.849 10.894 + 1.375 <0.001 **
Platelet count (10> /uL) 336.549 + 107.376 252.360 + 93.006 0.061
Lipid Profiles
TC (mg/dL) 157.430 4 27.185 197.180 =+ 33.065 <0.021*
TG (mg/dL) 123.191 4 34.028 152.228 + 53.672 <0.001 **
HDL-C (mg/dL) 59.075 £ 19.592 53.766 £ 15.669 <0.017 *
LDL-C (mg/dL) 60.279 + 19.865 65.568 + 19.777 0.888
VLDL-C (mg/dL) 24.546 £+ 7.046 29.977 £11.191 <0.001 **
Lipid Peroxidation
MDA (uM/L) 3.867 + 1.882 4.137 + 0.441 <0.04 *
Liver Function tests
ALP (IU/L) 107.381 £ 30.061 107.520 £ 29.892 0.586
AST (IU/L) 24.448 + 16.435 26.686 + 9.913 0.571
ALT (IU/L) 17.553 +9.814 33.087 £ 15.573 <0.001 **
Total Bilirubin (mg/dL) 0.464 £+ 0.166 1.257 £ 0.520 0.137
Kidney Function tests
Blood Urea (mg/dL) 18.314 + 6.224 14.539 £+ 4.752 <0.001 **
Serum Creatinine (mg/dL) 0.707 £ 0.140 1.607 = 8.526 <0.032 *
Albumin (g/dL) 3.958 + 0.856 4.290 + 0.635 <0.011*
Globulin (g/dL) 2.840 £ 0.280 3.167 £ 0.434 <0.001 **
A/G Ratio 1.574 £ 0.680 1.676 = 0.733 0.306
Total Protein (mg/dL) 7.256 4 0.946 7.394 + 0.860 0.086
Na* (mmol/L) 137.442 4 15.349 139.442 £ 6.509 0.796
K* (mmol/L) 4.180 + 0.485 4.333 + 0.694 <0.013 *
Cl~ (mmol/L) 99.604 + 11.432 102.323 +4.176 0.937
Medium-chain fatty acids
Caproic Acid (%, C:6) 3.594 (2.684-5.309) 4.516 (2.671-6.529) 0.302
Caprylic Acid (%, C:8) 2.256 (1.794-3.318) 0.902 (0.624-1.547) <0.001 #
Capric Acid (%, C:10) 10.709 (9.198-12.544) 12.559 (10.393-14.956) <0.002 *
Lauric Acid (%, C:12) 3.882 (3.470-4.761) 3.083 (2.366-3.700) <0.001 *

p value < 0.05 was considered statistically significant. * Student’s t-test was used for parametric variables; the
data are represented as mean =+ SD. # Mann-Whitney U test was used for non-parametric variables; data are
shown as medians (interquartile range). ** p < 0.001 and * p < 0.05. Abbreviations: RBS—Random blood sugar,
Hb—Hemoglobin, MDA—Malondialdehyde, TC—Total Cholesterol, TG—Triglycerides, HDL-C—High-density
lipoprotein cholesterol, LDL—Low-density lipoprotein cholesterol, VLDL-C—Very low-density lipoprotein
cholesterol, ALP—Alkaline phosphatase, AST—Aspartate aminotransferase, ALT—Alanine transaminase, and
A/G (Albumin/globulin) ratio.
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In addition, the percentages of medium-chain fatty acids, i.e., caproic acid, caprylic
acid, capric acid, and lauric acid, in each group are represented in a box plot (Table 3). The
results showed the levels of MCFAs in the control and breast cancer subjects, while the
most statistically significant decrease in caprylic acid and lauric acid was seen in the breast
cancer subjects. In particular, the levels of capric acid were statistically significantly higher
in the breast cancer subjects than in the control group. The levels of caproic acid were
higher in the breast cancer subjects than in the control group, but no significant difference
was observed.

4.3. Age-Wise Distribution of MCFA Levels in the Study Population

In the 100 breast cancer subjects, 35% of the subjects were <45 years old, 33% of the
subjects were 45-54 years old, 24% of the subjects were 55-64 years old, and 8% of the
subjects were >65 years old. Whereas in the 100 control subjects, 59% of the subjects were
<45 years old, 24% of the subjects were 45-54 years old, 9% of the subjects were 55-64 years
old, and 8% of the subjects were >65 years old. The box plot shows lower levels of caprylic
and lauric acids in the different age groups of the breast cancer subjects than in the control
group, which were statistically significant. The distribution of MCFAs in each age group
of the study subjects is reported in the box plot (Figure 1). In the entire <45-year-old
demographic, the level of capric acid was significantly higher in the breast cancer subjects
compared to the control group. However, there were no significant differences observed in
the other age groups of the study subjects.
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Figure 1. Age-wise distribution of MCFA levels in control and breast cancer subjects. The amount
of each MCFA was calculated as a % of total MCFAs. p-value was calculated using Mann-Whitney
U test for non-parametric variables. Data are shown as median (interquartile range). *** p < 0.0001,
**p <0.001, and * p < 0.05. Abbreviations: MCFA—Medium-chain fatty acid.

4.4. Comparison of MCFA Levels Regarding Histological Types, TNM Stage, and Grade of Breast
Cancer Subjects

A comparison of the MCFAs with respect to the histological types, TNM stage, and
grade of the breast cancer subjects is shown in Figure 2. Regarding tumor histology, 63%
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of the breast cancer subjects had invasive ductal carcinoma and 37% of the breast cancer
subjects had invasive lobular carcinoma. There were no significant differences observed
regarding the histological types of the breast cancer subjects. Regarding the TNM stage,
20% of the breast cancer subjects corresponded to stage I, 34% of the breast cancer subjects
corresponded to stage II, and 46% of the breast cancer subjects corresponded to stage III/IV.
The level of capric acid was significantly increased in the stage II tumor compared to
the stage I tumor breast cancer subjects, whereas the level of capric acid was significantly
decreased in the stage III/IV tumor compared to the stage II tumor subjects. However, there
was no significant difference observed with respect to the other MCFA levels. Concerning
grade, 57% of the breast cancer subjects corresponded to grade I, and 43% of the breast
cancer subjects corresponded to grade II. The level of capric acid was significantly decreased
in grade III compared to grade II, but no significant difference was observed in the other
MCFA levels.
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Figure 2. Comparison of MCFA levels in terms of histological types, TNM stage, and grades of
breast cancer subjects. The amount of each MCFA was calculated as a % of total MCFAs. p-value
was calculated using the Mann-Whitney U test for non-parametric variables. Data are shown
as median (interquartile range). ** p < 0.001. Abbreviations: TNM—Tumor Node Metastases;
Tumor IDC—Invasive ductal carcinoma; ILC—Invasive lobular carcinoma; MCFA—Medium-chain
fatty acid.

4.5. Distribution of MCFAs Levels with Respect to the Receptor Status of the Breast
Cancer Subjects

According to receptor status, the differences in the MCFA levels in the breast cancer
subjects became more evident (Figure 3). Of the 100 breast cancer subjects, 17% of the breast
cancer subjects were ER-positive, 18% of the breast cancer subjects were HER2-positive, 16%
of the breast cancer subjects were ER/PR-positive, 18% of the breast cancer subjects were
ER/HER2-positive, 15% of the breast cancer subjects were ER/PR/HER2-positive, and
16% of the breast cancer subjects had TNBC. Both HER2-positive and ER/HER2-positive
breast cancer were frequent findings in our study compared to other receptor statuses.
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The corresponding box plot shows significant decreases in the levels of caprylic and lauric
acids at various receptor statuses compared to the control group. In particular, the level of
caprylic acid was significantly lower in the HER2-positive breast cancer subjects than in
the other receptor statuses of the breast cancer subjects. The level of lauric acid was lower
and statistically significant in the ER/HER2-positive breast cancer subjects compared to
the other receptor status. Caproic and capric acids did not show any statistically significant
differences with receptor status in breast cancer subjects.
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Figure 3. Tukey boxplots showing the distributions of the levels of each MCFA correspond-
ing to various receptor statuses of breast cancer subjects. The quantity of each MCFA was cal-
culated as a % of total MCFAs. p value was calculated using Mann-Whitney U test for non-
parametric variables. ER + Ve (1 =17), HER2 + Ve (n = 18), ER/PR + Ve (n = 16), ER/HER2 + Ve
(n=18), ER/PR/HER2 + Ve (n=15), and TNBC (n = 16). ** p < 0.0001, ** p < 0.001, and
*p < 0.05. Abbreviations: ER—Estrogen Receptor; HER2—Human Epidermal Growth Factor Recep-
tor 2; PR—Progesterone Receptor; TNBC—Triple-Negative Breast Cancer; MCFA—Medium-chain
fatty acid.
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4.6. Correlation between Hematological Parameters, Lipid Profile, Kidney Function Test, Liver
Function Test, and Medium-Chain Fatty Acids in Breast Cancer

A significant positive correlation was observed between caproic acid and TC, whereas
a significant negative correlation was seen between ALT, the total bilirubin content, and
the A/G ratio. Caprylic acid showed a significant negative correlation with TC, AST, and
globulin compared to the other parameters. Capric acid showed a significant negative
correlation with ALT and AST. Lauric acid showed a significantly negative correlation with
TC, LDL-C, VLDL-C, AST, and globulin (Supplementary Table S1).

5. Discussion

The complex variations in the metabolism of carbohydrates, proteins, and lipids
are essential for tumor cells” growth and proliferation. In many epidemiological studies,
increased dietary fat consumption is positively associated with breast cancer. In the present
study, significantly high levels of TC, TG, and VLDL-C were observed, but the level of
HDL-C was significantly decreased in breast cancer subjects. More lipids are needed to
improve signaling and the resistance to apoptosis in rapidly multiplying cancer cells [12].
An increased plasma LDL-C concentration increases exposure to oxidation, causing higher
lipid peroxidation in breast cancer subjects [13]. In this study, the level of VLDL-C was
significantly increased in the breast cancer subjects (Table 3).

High levels of SGOT (Serum glutamic-oxaloacetic transaminase) and SGPT (Serum
glutamic-pyruvic transaminase) suggest that liver and kidney function impairment might
be triggered by tumor invasion [14]. This study observed a significantly decreased albumin
level in breast cancer subjects. This reduced albumin level corresponds to the poor survival
of breast cancer subjects [15-17]. An elevated creatinine level causes kidney impairment [18].
This study found a statistically significant realtion to creatinine level. Glucose plays a vital
role in breast cancer therapy. Some studies have shown that hematological and solid tumor
hyperglycemia is linked with increased toxicity [19]. In this study, significant changes were
noted concerning random blood glucose levels in breast cancer subjects. Based on the
clinical findings concerning the subjects diagnosed with breast cancer, our investigations
showed that the levels of urea were significantly lower compared to the control group.
Decreased urea levels might suggest a link between the dysregulation of protein catabolic
processes and the aggressive behavior of cancer cells [20]. A common complication in
breast cancer subjects is anemia. This study observed significantly low hemoglobin levels
in breast cancer subjects (Table 3). Higher levels of inflammatory markers, IL-6, leptin,
hepcidin, ferritin, and ROS all contribute to anemia in cancer subjects.

The traditional sources of fatty acids include diet, circulation from adipose tissue,
and surplus carbohydrates the liver that turn into fat. Most human diets contain various
saturated fatty acids of different carbon chain lengths. MCFAs are saturated fatty acids
with 6-12 carbon atoms that are more quickly taken from the intestine to the liver via
the portal vein and immediately used for energy. Naturally, medium-chain fatty acids
are found in coconut oil, palm kernel oil, and in milk fat [21-23]. Though no association
between medium-chain fatty acids and gut microbes has been documented, Caprylate
(C8), one of the MCFAs, has been reported to be produced by specific yeast strains [24].
Clostridium kluyveri [25-27], a bacterial strain found in the rumen intestine [28,29], can
produce MCFAs for industrial uses. However, there are few findings on MCFAs generated
from gut bacteria in non-rumen animals. It is interesting to note that MCFAs have anti-
bacterial and anti-fungal effects on specific bacterial strains [30,31]. Less than 2% of dietary
energy is typically contributed by MCFAs in the modern human diet [32]. While PUFAs
are generally known as anticancer dietary components, MCFAs have also been described to
have a therapeutic role [33,34]. In the present study, we analyzed the plasma medium-chain
fatty acid levels in control and breast cancer subjects. Our results showed a significant
decrease in caprylic acid and lauric acid levels in the breast cancer subjects compared to
the control group, except for caproic and capric acid (Table 3). In this study, the plasma
medium-chain fatty acid levels were measured because plasma fatty acid levels depend on
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dietary intake, and these sources can provide a more objective measure of fatty acid levels
than estimates based on dietary intake [35].

Among the saturated medium-chain fatty acids, the caprylic acid concentration was
higher in the control group and lower in the breast cancer subjects. Caprylic acid is
enriched in coconut and goat’s milk. Narayanan et al. [6] reported that caprylic acid
inhibited the viability of skin, colorectal, and breast cancer cells and downregulated the
expression of genes such as CDK2, CDK4, CCNA2, and CCND1, which are mainly involved
in progression and cell cycle division in colon cancer cells. A mechanism connected to
ABCALI and the p-JAK2/pSTAT3 signaling pathway suggests that caprylic acid may be
crucial for lipid metabolism and the inflammatory response [36]. Yamasaki et al. [37]
suggested that octanoic acid inhibits bladder cancer cell proliferation but does not reduce
cell migration and invasion. Studies on the association between the levels of caprylic acid
and the prognosis of breast cancer are limited. Jansen et al. [38] indicated that consuming
full-fat products including saturated fatty acids such as octanoic acid increases the risk of
pancreatic cancer dose-dependently. According to Cuizhe Wang et al. [39], caprylic acid
(C8:0) enhances COX2 and PGE2 expression in the bone marrow cavity, increases adipocyte
growth and proliferation, and causes bone metastases of prostate cancer. According to a
study by Iemoto et al. [40], people with colorectal cancer who had lower levels of serum
caprylic acid (C8:0) had a better prognosis than those who had greater levels of caprylic
acid. However, to the best of our knowledge, no studies assessing the effect of caprylic acid
on the risk of breast cancer have been detailed; hence, more research is required.

In this study, we found that the level of lauric acid in the breast cancer subjects was
significantly lower than in the control group. The major source of lauric acid is coconut
oil and palm kernel oil. Lauric acid promotes cell death, which is assisted through the
activation of EGFR and the Rho-associated kinase pathway, according to Lappano et al. [41].
According to research by Sheela et al. [7], lauric acid significantly inhibits the growth of
human hepatocellular carcinoma and murine macrophage cells. Lauric acid and increased
intracellular reactive oxygen species with a corresponding decrease in the intracellular
reduced glutathione levels, have been demonstrated to cause apoptotic alterations and cell
cycle arrest in the G0/G1 and G2/M phases.

According to numerous studies, postmenopausal older women in industrialized
countries are more likely to acquire breast cancer than younger premenopausal women.
In our study, the age-wise distribution of caprylic and lauric acids was significantly lower
in the breast cancer subjects than in the control group (Figure 1). The younger population
and unique demographics of developing countries may have a significant impact on
these findings [1,42].

In this study, Figure 2 depicted the levels of medium-chain fatty acids by grade. Out of
the 100 breast cancer individuals, 43% of those with grade IIT and 57% of those with grade
IT had the disease. When compared to other saturated medium-chain fatty acids, grade III
had much less capric acid than grade II. In the stage II breast cancer patients, compared
to stage I, the capric acid levels were higher; however, in the stage III/IV breast cancer
patients, compared to stage II, the capric acid levels were lower. The most prevalent finding
in our investigation related to grade 2 and stage 2 or 3 tumors, which was comparable to
the results from a study of symptomatic cases conducted in the UK [43].

In the present study, we found that the caprylic and lauric acid levels were signif-
icantly lower in all breast cancer subjects receptor subtypes compared to control sub-
jects (Figure 3). Based on the receptor status of the breast cancer subjects, caprylic acid
was lower in the HER2-positive breast tumors, whereas lauric acid was lower in the
ER/HER2-positive breast tumors compared to the other receptor groups. These find-
ings suggested that out of the 100 breast cancer subjects, 18% had HER2-positive and
ER/HER2-positive tumors. The ER status in the breast tumor cells was assessed in a
study by Mirtavoos-Mahyari et al. (2014) to determine how it affected the activation of
the tyrosine kinase human epidermal growth factor receptor 2 (HER2). Consequently,
31% of breast cancer participants and 67% overall had HER2 + tumors, according to the
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study [44]. Similarly, Rodrigue et al. (2014) found that ER + tumors were present in 61%
of their study’s breast cancer participants [45]. These studies linked increased steroid hor-
mone responsiveness, a higher BMI, and increased body fat to hormone receptor-positive
breast cancer.

The caproic acid levels showed a weakly positive link with total cholesterol and a
weakly negative correlation with ALT, total bilirubin, and the A /G ratio in the breast cancer
individuals. Between total cholesterol, AST, and globulin, there was a weakly negative
association with the caprylic acid levels. While the lauric acid levels showed a weakly
negative association with triglycerides, LDL-C, VLDL-C, AST, and globulin, capric acid
levels showed a weakly negative correlation with AST and ALT (Supplementary Table S1).

There is a knowledge gap concerning the mechanism of action of medium-chain
fatty acids on the oncogenic signal transduction pathway, and also clinical studies are
limited. Identifying how medium-chain fatty acids are associated with the oncogenic signal
transduction regulation and clinical presentation of breast cancer will be key in elucidating
the mechanism behind this disease. Our study is vital in demonstrating the importance of
medium chain fatty acid in cancer management and prevention.

6. Conclusions

There are considerable barriers o improving the prognosis of breast cancer subjects
due to the lack of diagnostic technologies that are characterized by substantial patient
compliance and good clinical applicability. Here, we have described the levels of different
MCFAs in human samples. Among the medium-chain fatty acids investigated, the levels of
caprylic and lauric acid were decreased in the subjects with breast cancer. Our findings
imply that increasing the intake of caprylic and lauric acid while lowering the intake of
caproic and capric acids may be an effective strategy for preventing breast cancer. To fully
comprehend the impact of these medium-chain fatty acids on the development of breast
cancer, more in vitro and in vivo investigations are required. The possible mechanisms of
MCFA's effects must be determined, to further understand and enhance the use of MCFAs
as a complementary breast cancer treatment and their effectiveness across breast cancer
receptor and pathological subtypes. Further investigation would increase the knowledge
and understanding of fatty acids and breast cancer, including the impact of MCFAs on the
overexpressing receptor subtypes. Future research in this field should focus on the effect of
early MCFA exposure on long-term breast cancer risk.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/nu14245351/s1, Table S1. Correlation between lipid profiles, liver
function test, hematological parameters, kidney function test, and medium chain fatty acids in
breast cancer.
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Abstract: For percutaneous endoscopic gastrostomy (PEG)-fed head and neck cancer (HNC) patients,
risk markers of poor outcomes may identify those needing more intensive support. This retrospective
study aimed to evaluate markers of poor outcomes using TNM-defined stages, initial anthropometry
[body mass index (BMI), mid-upper arm circumference (MUAC), tricipital skinfold (TSF), mid-
arm muscle circumference (MAMC)] and laboratory data (albumin, transferrin, cholesterol), with
138 patients, 42-94 years old, enrolled. The patients had cancer, most frequently in the larynx (n = 52),
predominantly stage IV (n = 109). Stage IVc presented a four times greater death risk than stage I
(OR 3.998). Most patients presented low parameters: low BMI (n = 76), MUAC (n = 114), TSF (n = 58),
MAMC (n = 81), albumin (1 = 47), transferrin (n = 93), and cholesterol (1 = 53). In stages I, I1I, IVa, and
IVb, MAMC and PEG-timing were major survival determinants. Each MAMC unit increase resulted
in 16% death risk decrease. Additional 10 PEG-feeding days resulted in 1% mortality decrease.
Comparing IVa/IVb vs. IVc, albumin and transferrin presented significant differences (p = 0.042;
p =0.008). All parameters decreased as severity of stages increased. HNC patients were malnourished
before PEG, with advanced cancer stages, and poor outcomes. Initial MAMC, reflecting lean tissue,
significantly increases survival time, highlighting the importance of preserving muscle mass. PEG
duration correlated positively with increased survival, lowering death risk by 1% for every additional
10 PEG-feeding days, signaling the need for early gastrostomy.

Keywords: head and neck cancer; nutritional status; percutaneous endoscopic gastrostomy

1. Introduction

Head and neck cancer (HNC) include cancers in the lips, mouth, nasal cavity, paranasal
sinus, pharynx, larynx, and proximal esophagus, that share some common features. Most
of them (90%) are squamous cell carcinomas related to tobacco smoking, heavy alcohol
consumption, or human papillomavirus infections, and tend to affect swallowing and
oral feeding. HNC patients present a very high risk of developing malnutrition for sev-
eral reasons. First, tobacco smoking and heavy alcohol consumption are associated with
malnutrition [1]. Moreover, heavy alcohol consumption frequently results in social dis-
ruption, which may lead to a further decline in nutritional status. HNC patients may be
malnourished before cancer development due to these unhealthy habits.

The wasting effects of cancer have a major impact on nutritional status. Cancer malnu-
trition is considered as malnutrition associated with mild to moderate inflammation [2].
It is much more catabolic than simple starvation, with greater consumption of body lean

Nutrients 2023, 15, 662. https:/ /doi.org/10.3390/nu15030662 38

https:/ /www.mdpi.com/journal /nutrients



Nutrients 2023, 15, 662

mass and muscle proteins. HNC patients frequently present a reduced oral intake due to
mechanical obstacles, causing dysphagia or odynophagia [3]. The mass position and cancer
therapy may affect these patients’ chewing and swallowing. Therapeutic procedures like
surgery, chemotherapy or radiotherapy could significantly impact nutritional status [3-5]
by reducing food intake, contributing to malnutrition [6,7].

Malnutrition is very frequent (>70%) in HNC patients with severe weight loss and
impaired immune function, leading to incomplete or postponed treatment cycles, and
decreased quality of life [8]. Malnourished HNC patients present an increase in the number
and severity of complications, and decreased survival [9,10]. Maintaining an optimal
nutritional status is mandatory for improving treatment tolerance, outcome, and survival
for all patients receiving cancer-directed treatment [11]. These patients suffering from
malnutrition need specialized nutritional support. When oral intake is insufficient, and
there is no other digestive tract disturbance, tube feeding is the obvious option. Most of
these patients need it for some period during the evolution of the disease [12]. If tube
feeding is required for more than 3 weeks, percutaneous endoscopic gastrostomy (PEG)
is the gold standard. This is associated with fewer treatment failures and provides better
nutritional support than long-standing nasogastric feeding tubes [13-15]. In HNC patients,
PEG feeding improves clinical outcomes and survival [16].

HNC dysphagic patients frequently present speech deficiency that evolves parallelly
with the swollen impairment. Speech difficulties may inhibit the use of several nutrition
evaluation tools, and artificial feeding teams must often rely on objective data (e.g., an-
thropometric and laboratory data) for the nutritional status follow-up of PEG patients.
Serum albumin, transferrin, and total cholesterol levels are non-specific, but may be used
as serum markers of malnutrition, inflammation, and/or prognosis [17]. In fact, albumin
and transferrin are negative acute-phase proteins and their production may be impaired in
a long-term inflammatory stage, as well as in starvation. Although anthropometric and
laboratory evaluation may reflect other influences that are diverse from nutritional issues,
taken together they may become very useful tools for teams following PEG patients [18,19].
These tools are frequently used to assess the patient status, as they are low-cost, easy to
obtain, and widely available [20-24].

Although the guidelines recommend an early gastrostomy of HNC patients [25], many
of them present evident malnutrition when referred to the PEG procedure. We previously
built a predictive model that helps us to identify patients with a probable life expectancy
shorter than 3 weeks [18]. Additionally, we have previously identified nutritional and
laboratory factors associated with poor outcomes for HNC patients after PEG [26]. These
previous studies focused only on nutritional issues to identify prognostic factors and
produce predictive models. In the present study, the classification of malignant tumors
(TNM) was added to include the cancer severity and evolution. We remain interested in
analyzing whether:

1. According to guidelines, is the patient a suitable candidate for gastrostomy, with a life
expectancy longer than 3 weeks?

2. How to use nutritional and laboratory data to identify HNC patients with severely
impaired nutritional status, and unfavorable outcomes months after the gastrostomy,
requiring more powerful nutritional support with larger protein energy intake?

In the present study, we aim to answer the question: can the cancer staging sever-
ity, anthropometric and laboratory data help us identify severely compromised patients
requiring special attention?

Specifically, we aim to:

1.  Evaluate the clinical and nutritional status of HNC patients when referred to endo-
scopic gastrostomy for long-term enteral nutrition, using anthropometry, laboratory
data and accessible tools, even with patients who cannot speak.

2. Evaluate the clinical outcome of PEG-fed HNC patients.

3. Evaluate the relations between survival, severity, and nutritional status:
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Compare the nutritional status with the different TNM-defined stages.
Compare the nutritional status with the different grades of stage IV, grouped as
having metastases and no distant metastases (IVa and IVb, against IVc).

e  Evaluate the impact of clinical and nutritional status on the survival of PEG-fed
HNC patients, using TNM-defined stages, anthropometry, and laboratory data.

2. Materials and Methods
2.1. Patients

We studied consecutive adult HNC patients who underwent endoscopic gastrostomy
to have PEG nutritional support, between January 2006 and December 2019 (the last year
before the COVID-19 pandemic period). We included patients with cancers in the oral cavity,
pharyngeal, laryngeal, esophageal proximal, and neck regions, arising from other organs
or tissues. All patients were routinely evaluated in Garcia de Orta hospital Outpatient
Artificial Nutrition Clinic, before the gastrostomy procedure, and one week, one month, and
three months after the gastrostomy. After the third month, stable patients were followed
every 4 to 6 months. Patients who experienced difficulties adjusting to PEG feeding were
evaluated more often, until the patient and the caregiver achieved complete adaptation.

2.2. The Clinic, Anthropometric and Laboratory Data

All clinic, anthropometric and laboratory data are part of the routine evaluation of
PEG patients, and were collected from the clinical files of the Artificial Feeding Team
(GENE-Grupo de Estudo de Nutricao Entérica/parentérica). We recorded data on the day
of the endoscopic gastrostomy or the day before. A blood sample was obtained in the
endoscopy room, just before the gastrostomy procedure. Incomplete patient data was an
exclusion criterion.

2.3. Head and Neck Cancer TNM Classification of Malignant Tumors

We searched data in electronic clinical files and the otorhinolaryngology oncology
multidisciplinary reunion database for each patient by process number. Exclusion criteria
were applied: no data for neoplasia location, incomplete cancer staging and advanced liver
or kidney disorders.

Each patient’s cancer staging was obtained using the manual American Joint Commit-
tee on Cancer (AJCC) eighth edition to standardize the data. Each patient was classified
within a TNM-defined stage: I, II, III, IVa, IVb, or IVc.

2.4. Clinical Outcome

According to the outcome, we divided patients into three categories: dead, lost to
follow-up and alive. The time span from the gastrostomy procedure until death or until
December 2019 was expressed in months.

2.5. Anthropometric Evaluation

The anthropometric evaluation was performed according to the International Society
for the Advancement of Kinanthropometry manual on the day of the gastrostomy procedure
or the day before. We obtained three consecutive measurements; the clinical file record
represents the mean of those three measurements.

1. Body mass index (BMI) was obtained in most patients using the equation
Weight (Kg)/Height (m)2. If patients were bedridden and could not stand up for
weight and height evaluation, BMI was estimated using the mid-upper arm circumfer-
ence (MUAC) and regression equations described by Powell-Tuck and Hennessy [27];
this method has been previously used and proved to provide a reliable BMI estima-
tion in PEG patients [28,29]. Each patient was classified by the WHO classification
according to their age as having low BMI if was <18.5 kg/m? or <22 kg/m?, normal
BMI if 18.5-25 kg/m? or 22-27 kg/m?, and high BMI if >25 kg/m? or >27 kg/m?, for
patients under 65 years or 65 years old or older, respectively [30] (Table 1).
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Table 1. Body mass index (BMI) classification according to age.

Low Normal High
<65 Years <18.5 kg/m? >18.5-<25 kg/m? >25kg/m?
>65 Years <22 kg/m? >22-<27 kg/m? >27 kg/m?

2. Mid-upper arm circumference (MUAC) was evaluated using an inextensible mea-
suring tape, with a 1 mm resolution. MUAC results were obtained from evaluating
several tissues representing fat and lean mass.

3.  Tricipital skinfold (TSF), was measured using a Lange skinfold caliper with a 1 mm
resolution. TSF evaluates the subcutaneous adipose tissue and estimates adipose re-
serves.

4. The mid-arm muscle circumference (MAMC) was calculated according to the equation:
MAMC = MUAC (cm) — 0.314 x TSF (mm). The MAMC allows us to estimate lean
and muscle mass.

For each patient, MUAC, MAMC, and TSF were compared with reference values of the
National Health and Nutrition Examination Survey (NHANES), through the comparison
with the Frisancho reference tables [31-34].

2.6. Laboratory Evaluation

A blood sample was obtained from these patients, minutes before the endoscopic gas-
trostomy procedure. Blood samples were obtained between 8:00 and 10:00 A.M. following
at least 12 h of fasting. Serum albumin <3.5 g/dL, serum transferrin <200 mg/dL, and total
serum cholesterol <160 mg/dL were considered low values, suggestive of poor prognosis
and/or malnutrition [18,35-38].

2.7. Statistics

All statistical analyses were computed by SPSS software version 26. Survival analysis
(Kaplan Meier/Cox regression) provided all results evaluating the impact of covariates on
PEG patient survival time. Linear regression analysis allowed us to estimate the impact of
TMN-defined stages on HNC patient nutritional status biomarkers before PEG, by Z-testing
the obtained marginal estimates. Statistical significance for each model and associated
parameters were set at p < 0.05.

3. Results
3.1. Subjects

We enrolled 138 HNC patients (129 males, and 9 females), who underwent endoscopic
gastrostomy to be PEG fed. Participants ages ranged from 42 to 94 years (mean: 61.3 years;
median: 60.0 years). The characteristics of the study population, including the demographic
data (age and gender), are presented in Table 2. HNCs arise from several organs: oral cavity
(mouth), pharynx, larynx, and other organs and tissues. Patients presented HNCs at stages
ItoIVe.

3.2. Head or Neck Cancers
Cancer Location

For 129 males, the primary tumor was located in the pharynx (1 = 41) or the larynx
(n = 52). For the nine females, the primary tumor was mainly in the mouth (n = 5) (Table 3).
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Table 2. Subject characteristics.

Subject Characteristics n (%)
Age (years)
42-94 (mean 61.3)
Gender
Female 9 (6.5%)
Male 129 (93.5%)
Cancer site
Mouth 39 (28.3%)
Pharyngeal 42 (30.4%)
Laryngeal 55 (39.9%)
Others 2 (1.4%)

Table 3. Characterization of subjects by primary tumor location, TNM classification, anthropometry
and laboratory serum data.

Total (1 = 138) Total Mean
Primary Tumor located
Mouth 39
Pharynx 42
Larynx 55
Other HNC location 2
Classification of Malignant Tumors (TNM) Classification
Stage I 6
Stage II 1
Stage III 22
Stage Iva 81
Stage IVb 12
Stage IVc 16
Anthropometry Results
76 Low BMI
BMI 46 Normal BMI
16 High BMI
114 Low
MUAC 24 Normal
58 Low
TSE 80 Normal
81 Low
MAMC 57 Normal
Laboratory serum data
47 L
Albumin ow 3.7 g/dL
91 Normal
Transferrin 93 Low 182.0 mg/dL
45 Normal
53 L
Total Cholesterol ow 173.2mg/dL
85 Normal

(BMI)—Body mass index; BMI classification according to age, <65 y, low BMI is <18.5 Kg/ m?, normal BMI is
between 18.5 Kg/m2 and <25 Kg/mz, and high BMI is >25 Kg/mz, >65y, low BMI is <22 Kg/mz, anormal BMI is
between 22 Kg/m? and <27 Kg/m?, and high BMI is > 27 Kg/m?; (MUAC)—mid-upper arm circumference <90%
low, >90-110% normal; (TSF)—tricipital skinfold results, <90% low, >90-110% normal and (MAMC)—mid-arm
muscle circumference <90% low, >90-110% normal; albumin < 3.5 g/dL (low), transferrin < 200 mg/dL (low),
total cholesterol < 160 mg/dL (low).

All patients were classified according to the TNM classification, from data searched in
the clinical files of the otorhinolaryngology oncology multidisciplinary reunion, and an
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otorhinolaryngology specialist validated each datum (Table 3). The most frequent tumor
stage was IV, present in 102 male and seven female patients.

3.3. Anthropometry
3.3.1. Body Mass Index (BMI)

For eight patients, BMI was estimated using the Powell-Tuck and Hennessy regres-
sion equations. BMI ranged from 14 Kg/ m? to 48 Kg/ m? (mean: 20.64 Kg/ m?; median:
19.4 Kg/m?). Classification was used according to age. Following this classification, 76
(55%) patients displayed a low BMI. The results are summarized in Table 3.

3.3.2. Mid-Upper Arm Circumference (MUAC)

Compared with Frisancho criteria [31], 114 (83%) patients showed MUAC in the low
range (Table 3).

3.3.3. Tricipital Skinfold (TSF)
In this anthropometric parameter, 58 (42%) patients displayed low TSF (Table 3).

3.3.4. Mid-Arm Muscle Circumference (MAMC)

In this anthropometric parameter, 81 (59%) patients showed MAMC in the low range
(Table 3).

3.4. Laboratory Assessment
3.4.1. Serum albumin

In 92 patients, albumin was in the normal range, and 47 displayed low serum albumin.

3.4.2. Serum Transferrin

In 46 patients, transferrin was in the normal range, and 93 showed low serum transferrin.

3.4.3. Total Serum Cholesterol

In 86 patients, cholesterol was in the normal range, while 53 patients displayed low
serum total cholesterol. Of 130 males, 49 displayed a low serum total cholesterol. Of nine
females, three displayed a low serum total cholesterol.

Laboratory data are summarized in Table 3.

3.5. Clinical Outcome

At the end of December 2019, out of the 138 patients, six (4.3%) were lost to follow-up,
111 (80.5%) patients were deceased, six (4.3%) were still PEG-fed and followed by the
Artificial Nutrition Outpatients Clinic, and 15 (10.9%) resumed oral feeding with the tube
removed and gastrostomy closed. Comparing all patients, the ones who had a longer
survival time were patients with cancer classification TNM defined as stage I, and with the
location of the cancer in the pharynx.

3.6. Kaplan—Meier Survival Analysis

Stage I cancer was associated with increased survival in any type of cancer. Stage
III and IVa showed a similar survival time, and the stage with the least survivability was
type IVc (Figure 1).

3.7. Cox Regression Analysis

We applied a Cox regression to obtain a statistical model adjusted for HNC TNM-
defined stage to evaluate the tumor site, age, gender, anthropometrics, biochemical and
PEG covariates effect on a patient’s survival time. Throughout the model fit process, the
tumor site, age, and gender resulted in redundant variables and were removed from the
reduced final model (Table 6).
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Figure 1. Kaplan-Meier curve of the cumulative survival for different cancer stages.
The mean survival time was 996 days (Table 4).
Table 4. Means and Medians for survival time (days) by stage of cancer.
Mean Median
Stage (N) 95% Confidence Interval
8 Survival Time Std. Error o -onfidence nferva Survival Time Std. Error
Lower Bound Upper Bound
1(6) 1135 496 164 2106 178 515
11T (22) 1074 291 503 1645 275 268
IVa (81) 1054 149 762 1347 397 93
Vb (12) 1082 431 237 1927 233 202
IVc (16) 219 55 111 327 135 26
Overall (137) 996 117 767 1226 316 56

The pharynx appeared to be the type of cancer associated with the longest survival
time, mainly in stages I and III. In stage IVc, any type of cancer had a much shorter life
span (Table 5).

Stage IVc was the only stage that had significance for the impact on survival time
regardless of MAMC and PEG time (CI = [0.775, 0.901], p < 0.001; CI = [0.999, 0.999],
p <0.001). In the earlier stages (I, III, Iva and IVb), PEG time and MAM seemed to be
major determinants of survival. Stage II was withdrawn due to having a single patient in
this stage.

Patients with stage IVc had a four-times higher risk of death than those with stage I
(OR 3.998).
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Table 5. Median survival time by cancer location and stage.

Time in Days

I(n=1) 555
1II (n = 6) 75
Mouth Stage IVa (n =27) 450
IVb (n=2) 400
Ve (n =3) 175
I(n=1) 2700
1L (n = 4) 2000
Pharynx Stage IVa (n = 25) 305
Local IVb (11 = 6) 1700
Ve (n=5) 120
I(n=23) 950
I (n =11) 631
Larynx Stage IVa (n =29) 452
Vb (n=4) 250
Ve (n=8) 200
Other locations Stage Iil(?n_zll)) 128

Table 6. Cox regression analysis.

95.0% CI for OR

Coef SE p-Value OR
Lower Upper

TNM Stage I 0.117

I 0.668 0.583 0.252 1.949 0.622 3.276

IVa 0.728 0.529 0.169 2.071 0.734 3.408

Vb 0.934 0.616 0.130 2.546 0.761 4.331

Ve 1.386 0.592 0.019 3.998 1.252 6.744
MAMC -0.177 0.040 0.000 0.838 0.775 0.901
Albumin 0.251 0.162 0.122 1.285 0.935 1.635
Time with PEG —0.001 0.000 0.000 0.999 0.999 0.999

Mid-Arm Muscle Circumference (MAMC); percutaneous endoscopic gastrostomy (PEG); Coef variable or level
coefficient; standard error (SE), Ref reference level; Odds ratio (OR).

Globally, for all stages and cancer locations, the 3000-day survival rate was less than
10% (Figure 2).

Survival Function at mean of covariates
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Figure 2. Kaplan-Meier survival curve in all stages and cancer location.
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The MAMC had an average odds ratio of 0.838, and each unit increase of MAMC was
associated with a 16% decrease in the risk of death. The PEG duration time increasing by
one unit was associated with a 0.1% reduction in the risk of death. That is, for every 10 days
more of PEG (limited by the study time-frame), the risk of death decreased by 1%.

3.8. Regression Analysis of Cancer Stage Impact on Nutrition Markers

We performed a linear regression analysis to estimate the impact of TMN-defined
stages on HNC patient nutritional status biomarkers before PEG.

3.8.1. TNM-Defined Stages (I vs. I vs. Il vs. IVa vs. IVb vs. IVc)

Model results showed significant differences among the BMI (p = 0.039), and TSF
(p = 0.007) of the TNM-defined stages. The BMI and TSF tended to decrease as the severity
of the TNM-defined stages increased.

Model results showed no significant differences among the MUAC (p = 0.0231);
MAMC, (p = 0.584); albumin (p = 0.165); transferrin (p = 0.074); and cholesterol (p = 0.035)
of the TNM-defined stages. Nevertheless, MUAC, MAMC, albumin and transferrin tended
to decrease as the severity of the TNM-defined stage increased. Cholesterol presented
non-linear changes in the different TNM-defined stages.

3.8.2. TNM-Defined Stages IVa and IVb vs. IVc

When comparing IVa, IVb vs. IVc, there were no significant differences in BMI
(p = 0.169), MUAC (p = 0.149), MAMC (p = 0.307), TSF (p = 0.068) and cholesterol (p = 0.135).

Albumin and transferrin, when comparing IVa, IVb vs. IVc, showed significant
differences (p = 0.042 and 0.008, respectively). Nevertheless, all parameters tended to
decrease as the severity of the TNM-defined stage increased.

4. Discussion

Head and neck cancer (HNC) patients present a high frequency of malnutrition
compared with other cancers, due to the direct effects of the disease, therapy side effects,
and poor food intake [39]. HNC patients are often malnourished at diagnosis, having
involuntary weight loss before starting treatment [40]. Good nutritional management is
essential to the patient’s ability to complete the prescribed treatment courses, minimize
nutrition-related side effects, and foster healing [41].

Our results show that this type of cancer affects most of the male gender, probably,
due to poor lifestyle habits, such as smoking and alcohol consumption. Comparing the
genders, both presented a high percentage of malnutrition. In the male gender, we can
see in our study that a significant percentage of obese patients are likely linked to poor
eating habits. In this study, we have a higher percentage of patients in advanced cancer
stages (TNM defined as stage III and IV), characterized by the worst nutritional status and
poor prognosis.

Although nutritional evaluation could benefit from sophisticated devices for measur-
ing body composition, such as bioelectrical impedance analysis (BIA) or CT scan analysis,
those devices were not available for all patients. Although less precise, BMI and anthro-
pometry are inexpensive and widespread nutritional evaluation tools, classically used as
an approach to the evaluation of fat/lean mass [33,34] and available everywhere, even in
institutions with scarce resources. Most of our anthropometric data display low values,
related to a poor nutrition status due to an advanced cancer stage. Arm anthropometry
(MUAC, TSE, and MAMC) data show malnutrition in over eighty per cent of the patients.
Estimation of fat and fat-free reserves, also reveals a poor nutritional status. MAMC rec-
ognizes more malnourished patients than TSF, which suggests that lean tissue is depleted
at the beginning of the disease, fat reserves are more preserved, and over time, they are
slowly degraded. Also, MAMC is an independent outcome predictor, highlighting the
importance of lean mass in patient survival. From another perspective, MAMC is strikingly
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reduced since the early stages, and the other anthropometric and laboratory data reduce
gradually, as the disease stage and severity progress [42].

Serum proteins are negative acute-phase proteins, and, like cholesterol, they may be
modified by various biological influences. However, the usefulness of biochemical data is
well recognized in several nutritional studies [17,20,26]. In our study, most patients display
laboratory markers in a normal range, but albumin and transferrin tend to decrease with
increasing severity of the TNM-defined stage.

Globally, our anthropometric and biochemical results demonstrate the strong influence
that HNC had on the lean tissue and, later, on the fat mass of these patients, leading to
malnutrition. Other authors have addressed the problem of malnutrition in cancer patients
and their outcomes, such as the impact of nutrition management and status of head and
neck cancer patients, on the success of treatment and survival [9,16,21].

Regarding the impact of the cancer stage (by TNM-defined stage) on the different
nutritional parameters evaluated, when compared to all stages, only the BMI and the TSF
had a significant difference between stages, with a progressive decrease as the severity
of the cancer stage increases. In contrast, MUAC and MAMC are reduced since the early
stages. This suggests that lean tissue is consumed during the initial stages of the disease, as
expected in cancer-related inflammation. In contrast, fat tissue suffers a progressive loss,
unlike fat-free mass, which is severely depleted since the beginning of cancer progression.
When we focus on the most severe cancer stages (Iva, IVb and IVc), only albumin and
transferrin had a significant difference, decreasing as the severity of the cancer stage
increases. Likely, fasting is more severe in this advanced cancer stage than in less advanced
stages [43].

When we tried to create a model that evaluates the role of all parameters of this study
against the clinical outcome as survival time, only the MAMC was statistically significant,
except for the most advanced cancer stage (Stage IVc). Therefore, this anthropometric
parameter seems to no longer influence survival, as the severity of the disease increases
to stage IVc. On the other hand, this result demonstrates the importance of preserving
lean tissue in the early cancer stages, to maintain a better nutritional status and outcome.
In fact, lean tissue is also associated with better treatment response and, consequently,
a better prognosis [44—46]. Moreover, this study suggests that the PEG duration time
positively impacts survival time in HNC patients. This supports the importance of early
PEG feeding for HNC patient prognostics, suggesting that PEG feeding is important for
better patient outcomes.

Early PEG is generally recommended in the treatment of HNC patients. Nevertheless,
our results suggest that special attention should be addressed to patients with lower lean
mass, evaluated through anthropometry, as in our study, or any other method.

Our study has some limitations resulting in some missing data. We completed pro-
cessing patient data in December of 2019 because it was the last year before the COVID-19
pandemic, and several patients did not continue their follow-up, (refusing the hospital),
and their records were incomplete. Other missing data included the causes of death. More
than half of our patients (58.7%) were in TNM-defined stage IVa. The only TNM-defined
stage II patient was excluded from inferential statistics to improve the statistical model
parameter estimation.

5. Conclusions

HNC patients are malnourished when referred to undergo endoscopic gastrostomy
and have advanced cancer as defined by TNM-defined stage, a marker of poor outcomes.

MAMC, the anthropometric parameter reflecting the lean tissue, was the only one
with statistical significance in survival time, highlighting the necessity to preserve the
muscle mass of these patients. PEG duration time was shown to correlate with increased
survival time, at a rate of 1% decrease in the risk of death for every 10 days of PEG
extension, suggesting that gastrostomy should be performed in an early stage of the
disease progression.
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Abstract: Background: Pancreatic cancer incidence is growing, but the prognosis for survival is still
poor. Patients with pancreatic cancer often suffer from malnutrition and sarcopenia, two clinical
conditions that negatively impact oncological clinical outcomes. The aim of this systematic review
was to analyze the impact of different nutritional interventions on clinical outcomes in patients with
pancreatic cancer during chemotherapy. Methods: A systematic review of MedLine, EMBASE, and
Web of Science was carried out in December 2022, identifying 5704 articles. Titles and abstracts
of all records were screened for eligibility based on inclusion criteria, and nine articles were in-
cluded. Results: All nine articles included were prospective studies, but a meta-analysis could not
be performed due to heterogenicity in nutritional intervention. This Systematic Review shows an
improvement in Quality of Life, nutritional status, body composition, oral intake, and Karnofsky
Performance Status, following nutritional interventions. Conclusions: This Systematic Review in
pancreatic cancer patients during chemotherapies does not allow one to draw firm conclusions.
However, nutritional support in pancreatic cancer patients is advisable to ameliorate oncological
care. Further well-designed prospective studies are needed to identify nutritional support’s real
impact and to establish a reliable way to improve nutritional status of pancreatic cancer patients
during chemotherapy.

Keywords: pancreatic cancer; nutritional support; Oral Nutritional Supplements; body composition;
supportive care; Quality of Life

1. Introduction

In 2020, Pancreatic Cancer (PC), with 495,773 new cases, was the 12th most com-
mon tumor worldwide and the seventh leading cause of cancer mortality [1]. Incidence
is higher in industrialized countries compared to developing countries, suggesting that
environmental factors play a significant role as risk factors for the disease [2]. Cigarette
smoking, alcohol drinking, physical inactivity, obesity, hypertension, chronic pancreatitis,
diabetes, and high cholesterol are recognized as modifiable risk factors for PC devel-
opment [2,3]. Other risk factors include age, gender, ethnicity, and inherited genetic
syndromes [3].

The prognosis of PC patients is generally poor with a relative 5-year survival rate
of 10.8%, because it is difficult to diagnose the disease at an early stage, since only 11%
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of PC are at a local stage at the time of diagnosis, and only a few patients can benefit
from surgical resection [4,5]. However, recent progress in diagnosis and chemotherapies
give hope for better outcomes in PC patients, even though chemotherapy (CHT) is often
burdened with important toxicity, and only fit patients can fully complete the planned
treatments [6].

Malnutrition is a common feature in cancer patients due to both cancer itself and the
related treatments and, when the neoplasm involves the gastrointestinal system, the main-
tenance of a proper nutritional balance can be very challenging [7,8]. When the pancreas
is the site of cancer, both its exocrine and endocrine functions can be impaired [9]. The
altered secretion of pancreatic enzymes determines a series of gastrointestinal symptoms
with abdominal pain, bloating, gastric emptying delay, diarrhea, poor appetite, nausea,
dyspepsia, malabsorption, and, consequently, weight loss [8,10]. Malnutrition’s prevalence
varies between 33.7% and 70.6% in PC patients, while the presence of sarcopenia has a great
impact on this population, reaching 74% of PC patients according to some studies [8,11].
Malnutrition and sarcopenia are associated with an increased risk of chemotherapy-related
toxicity (CIT), postoperative morbidity, poorer survival, and reduced Quality of Life
(QoL) [12-14]. Thus, nutritional support during CHT may play a very special role in these
patients [15,16].

Therefore, the aim of this systematic review was to analyze the impact of different
nutritional interventions on clinical outcomes in PC patients during CHT.

2. Materials and Methods

This systematic review was performed according to the Cochrane Handbook for
systematic reviews and to the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) statement [17,18] It was registered in the International Prospective
Register of Systematic Reviews PROSPERO 2020 CRD42020185706 [19]. The PRISMA
checklist is detailed in Table S1.

2.1. Eligibility Criteria
We included studies with all the following PICOS Criteria:

e  Population: eligible patients must (i) be at least 18 years old with any nutritional
status (well-nourished, at risk of malnutrition, and malnourished), (ii) have a PC
diagnosis, while (iii) undergoing CHT. Due to the limited number of studies which
involve PC patients only, we decided to consider also papers with PC and other
gastrointestinal tumors;

e Intervention: studies with nutritional interventions including nutritional counseling,
supplementary food or drink, fortified foods, oral nutrition supplements, and enteral
or parenteral nutrition during CHT were considered for inclusion in this review;

e  Comparison: any types of comparison were considered as possible (i.e., no nutritional
intervention, isocaloric diet without specific nutrients, etc.);

e Outcomes: the outcomes considered were CIT, changes in body composition, QoL,
survival, and patient’s functional capacity;

e Study designs: eligible study designs included randomized clinical trials (RCTs),
prospective non-randomized studies, and other types of prospective studies.

2.2. Electronic Searches

The search was carried out on 2 December 2022 using three different electronic
databases: Medical Literature Analysis and Retrieval System Online (MedLine) via PubMed,
ISI Web of Science (WOS), and Excerpta Medica Database (EMBASE). Databases were
screened for search terms in titles and abstract, limiting the search to English papers,
without any restriction for date of publication. The comprehensive string search for each
database is shown in Table S2.
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2.3. Study Selection

The study selection process was independently carried out by three reviewers (M.C.;
EG.; M.P). All articles generated from the electronic search were imported into Mendeley©
(Elsevier, Amsterdam, The Netherlands), a reference management software, and duplicates
were removed. Titles and abstracts of all records were screened for eligibility based on
inclusion criteria, and all judged as ineligible were excluded. After the first title and abstract
screening process, the three reviewers performed a second deeper title and/or abstract
screening. A full text screening was performed on 43 studies, and 34 were excluded: 14
studies were not prospective ones, 17 were not performed during CHT, and 3 studies had
no full text available.

Differences in judgment during the selection process between the three reviewers were
settled by discussion and consensus.

2.4. Data Extraction

Information was collected using an Excel© (Microsoft Office, Redmond, WA, USA)
spreadsheet specifically developed for this study. Each full-text article was retrieved,
the ineligible articles were excluded, and the reasoning reported. Differences in judg-
ment during the selection process between the three reviewers were settled by discussion
and consensus.

2.5. Risk of Bias and Quality Assessment

The risk of bias instruments was used for randomized controlled trials and non-
randomized comparative prospective studies. Risk of bias was independently assessed by
two reviewers (M.C. and FE.G.) and was further entered into the software «Review Manager
5.3.5» (The Nordic Cochrane Centre, Copenhagen, Denmark). According to the “Cochrane
Handbook for Systematic Reviews of Interventions” [20], all the articles included were
assessed as high, low, or unclear risk of bias.

In total, seven areas were assessed: (1) Random sequence generation; (2) Allocation
concealment; (3) Blinding of participants and personnel; (4) Blinding of outcome assessment;
(5) Incomplete outcome data; (6) Selective reporting; (7) Other bias (other any important
concerns about bias not covered in the other domains (i.e., presence of data regarding diet
during other nutritional treatment).

2.6. Data Synthesis

Given the high heterogeneity of the studies” measures, the variability of nutritional
intervention, and the variety of the outcomes considered, a meta-analysis resulted unfea-
sible, and thus, a systematic review was performed. The main results of the review were
displayed on a summary of findings table. For each study, a description of the population,
type of intervention, outcome measures, and results were presented.

3. Results
3.1. Study Selection

The study selection process and the results of the literature search are shown in
Figure 1. In particular, starting from the 5704 studies identified from the three different
databases (1532 from PubMed, 1117 from Web of Science, and 3055 from EMBASE), nine
were finally included into the systematic review process [21-29].
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Figure 1. PRISMA Flow Diagram.

3.2. Study Characteristics

The most important characteristics of the nine studies are shown in Table 1.

The percentage of PC patients in all the included studies ranges from 7% [25] to 100%,
with 6 studies enrolling only PC patients [22-24,26,27,29]. The Sample size varies from
7 [21] to 201 patients [25]. Three studies had no comparison groups [21,23,24], two studies
had a placebo-controlled group [22,29], and three studies had normal or isocaloric diet
as the controlled group [25,27,28]. Four papers considered the use of an Oral Nutritional
Supplement (ONS) as nutritional intervention [21,25,27,28], two papers analyzed the role
of a parenteral supplementation of fatty acids [23,24], one paper used oral carnitine supple-
mentation [22], and the last one used oral supplement of sulforaphane and glucoraphanin
or methylcellulose [29].

Table 2 shows the main characteristics of used ONS. In particular, three papers con-
sidered the use of a liquid premixed product [21,27,28], while one used a powder to be
mixed with water prior to use [25]. ONS energy intake ranged from 310 [21] to 691 kcal per
day [25], while protein intake was from 16 [21] to 45.75 g per day [25].
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Table 2. Main characteristics of Oral Nutritional Supplements used in the enrolled studies.

ONS Amount Energy Protein
Refs Author ONS Type Quantity (per Day)  (kcal per Day) (g per Day) Other
[21] Bauer JD et al. L Not reported At least 1 310 16 1.1 g EPA
. 13.5 g glutamine +
[25] Khemissa F et al. P 75g 2 691 45.75 TGF-p2 20 mg
[27] Akita H et al. L 220 mL 2 560 29.3 1.98 g EPA
[28] Kim SH et al. L 150 mL 2 400 18 2.5 g fiber

Abbreviations: EPA: Eicosapentaenoic Acid; L: Liquid Formula; ONS: Oral Nutritional Supplements; P: Powder
Formula; Refs: Bibliographic references; TGF-f32: Tumor Growth Factor.

3.3. Study Quality Assessment

The risk of bias was assessed in each included study. Figure 2 reports the different
types of bias for each study, while Figure 3 shows the cumulative risk of bias expressed in

percentage.
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Figure 2. Risk of bias summary [21-29].
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Figure 3. Risk of bias graph.

3.4. Summary of Results
3.4.1. Survival Analysis

Three papers analyzed the impact of nutritional support on survival in PC
patients [22,23,29]. In particular, Kraft et al., using oral L-carnitine vs. placebo for
12 weeks, found only a non-statistically significative trend of increased overall survival
(OS) (median 519 £ 50 vs. 399 + 43 days) [22]. Lozanovski et al. showed longer survival
in the intervention group (IG) during the first three months after the study (death raw
rate of 25% in IG vs. 45% in control group (CG) [29]. Arshad et al. dosed the plasma
cytokines at baseline and found a significant correlation between high expression of IL-6
and IL-8 and shorter OS [23]. Moreover, authors evidenced that platelet-derived growth
factor (PDGF) and fibroblast growth factor (FGF) serum concentrations decreased at the
end of the treatment period and FGF responders had a significantly improved progression
free survival (PFES). In the case of PDGF reduction, a tendency toward improved OS was
noticed [23].

3.4.2. Quality of Life

Four papers examined the impact of nutritional interventions on QoL [21,22,26,28].
All papers analyzed QoL using the European Organization for Research and Treatment of
Cancer (EORTC) QLQ-C30 [21,22,26,28]; only two papers also added the PAN-26 analysis,
the QLQ specific for PC [22,26].

In particular, Bauer et al. showed a stability in QLQ-C30 global scale at 4 weeks, with
an increase at 8 weeks [21]. Kraft et al. reported an improvement in cognitive functions and
global health status, a reduction in gastrointestinal symptoms, while a non-significative
difference in fatigue was found [22]. Werner et al. did not find any differences in terms
of QoL after 6 weeks of treatment, but only a non-significant slight increase in sub-scale
physical, role, social, pain, appetite loss, and global health; moreover, the authors described
a significant decrease in hepatic sub-scale of PAN-26 [26]. The study by Kim et al. reported
a non-statistical increase in QoL in both IG and CG, while a decrease in subscale fatigue in
IG and a pain reduction in CG was described [28].

3.4.3. Chemotherapy-Induced Toxicity

CIT was observed in two studies [25,27]. In the phase III study from Khemissa et al.,
the authors aimed to evaluate the possible role of oral supplementation with glutamine and
TGF-2 in the prevention of grade 3 and 4 non-hematological CIT. However, the results
did not confirm this hypothesis, and no difference was evidenced between IG and CG
for all kinds of CITs [25]. Akita et al. analyzed the incidence of adverse events during
neoadjuvant CHT between patients on a normal diet and those who received hypercaloric,
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Eicosapentaenoic Acid (EPA)-enriched oral supplements; even in this case, no significant
difference between the two groups in terms of CIT was evidenced [27].

3.4.4. Nutritional Status

Only two studies evaluated PC patients’ nutritional status with a Patient-Generated
Subjective Global Assessment (PG-SGA) score [21,28]. According to this score, patients
could be defined: well nourished (PG-SGA A), moderated or suspected of being mal-
nourished (PG-SGA B), and severely malnourished (PG-SGA C). Bauer et al. showed a
significant reduction in PG-SGA score from the baseline to 8 weeks (median 13 range
4.0-19.0 vs. median 4 range 1.0-16.0, p = 0.019); this improvement was significantly asso-
ciated with a change in QoL (p = 0.020), Karnofsky Performance Status (KPS) (p = 0.009),
and lean body mass (p = 0.040) [21]. Kim et al. revealed a reduction on PG-SGA score after
8 weeks of intervention (9.5 £ 0.9 vs. 5.6 £ 0.8, p = 0.002) [28].

3.4.5. Body Composition

Five studies evaluated the effect of different nutritional interventions on patients’ body
weight and/or body composition [21,22,26-28].

Akita et al. showed a higher skeletal muscle mass in those patients who consumed
more than 50% of the prescribed ONS (p 0.042) and an improvement in psoas muscle ratio in
the same population [27]. Another study evaluated the effect of n-3 fatty acid-enriched ONS
reporting a clinical improvement in weight and lean body mass although not statistically
significant [21]. Werner et al. showed a significant body weight stabilization, with a gain
of body weight in half of the patients, but no significative change in fat mass, muscle
mass, or body water was detected [26]. In addition, Kim et al. evaluated the effect of
ONS administration in PC patients showing a significantly increase of fat mass from the
baseline to 8 weeks of intervention, and a stabilization of fat-free mass, skeletal muscle
mass, and body cell mass [28]. In the study by Kraft et al., who evaluated the effect of
carnitine supplementation, an increase of body weight in the IG, as well as increase in body
cell mass and body fat mass, was found [22].

3.4.6. Oral Intake

Three studies evaluated the effect of nutritional intervention on oral intake in PC
patients undergoing CHT [21,26,28]. Bauer et al. showed no reduction of meal protein and
energy intake with supplementation and observed 1.4 (1.2-2.2) g/kg/day of total protein
intake and 33 (25-42) kcal/kg/day of total energy intake after 8 weeks of intervention [21].
Kim et al. revealed significant increases in dietary intakes of calories (1488.1 kcal vs.
1946.4 kcal, p = 0.001), proteins (64.1 g vs. 89.9 g, p = 0.001), carbohydrates (247.9 g vs.
289.2 g, p = 0.015), and lipids (38.6 g vs. 51.9 g, p = 0.023) in the ONS group from the
baseline to 8 weeks of intervention. However, there was no significant difference between
the change of values of dietary intake between baseline and 8 weeks in the ONS and
non-ONS group [28]. Werner et al. evaluated appetite and meal portions in PC patients
supplemented with n-3 fatty acids from MPL or FO and showed stabilization of appetite in
both groups of patients. Moreover, meal portions increased significantly in the FO group
(p =0.02) and MPL group (p = 0.05) [26].

3.4.7. Karnofsky Performance Status

Two papers considered variation in patients” functional capacity, measured according
to KPS [21,29]. Bauer et al. showed that nutritional intervention with high-protein, high-
calorie nutritional supplement containing EPA, not only improved patients” nutritional
status but equally increased their KPS after 8 weeks of treatment (p = 0.01) [21]. Similarly,
Lozanovski et al. described a decrease in KPS in both groups (intervention and control
group), stating that broccoli sprouts did not impact patient self-care and overall abilities
severely [29].
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4. Discussion

At our knowledge, this is the first Systematic Review on nutritional intervention in
PC patients, during chemotherapies, enrolling only prospective studies. Even though
nutritional interventions in PC patients should be a routine [7], the number of robust
studies remains scarce.

Nutritional intervention strategy should include personalized nutritional counseling
with a trained physician or dietitian specialized in oncological cures [30], with the evalu-
ation of nutritional targets and intakes. According to the European Society of Nutrition
and Metabolism (ESPEN) guidelines on nutrition in cancer patients, an energy intake of
25-30 kcal/kg/day and a protein intake of 1.0-1.5 g/kg/day should be guaranteed to all
cancer patients [7,31,32]. However, only a few papers analyzed PC patients’ nutritional
requirements and performed a malnutrition risk assessment. To modify this situation,
an integration in the cure pathway to include nutritional evaluation and intervention in
clinical routine for oncological patients was proposed [33].

QoL represents a major concern in PC patients undergoing CHT treatments [34]. In
addition to the more generic QLQ-C30 questionnaire, valid for all oncological patients,
a specific module called PAN26 has been developed for the evaluation of the QoL in
PC patient; however, QoL was analyzed in only four studies (less than half), and the
specific module PAN26 was studied in only two of them. While data from the literature
showed a general improvement in QoL in oncological patients who undergo nutritional
interventions [35,36], our results are not conclusive; in fact, two papers showed an increase
in QoL, one paper showed an increase only in subscale fatigue, while one other showed
no differences.

KPS is a scale that tries to quantify the patient’s well-being and their capacity to
do all the daily-life activities [37]. In the two papers enrolled in this Systematic Review,
nutritional supplementation showed an increase in patient function. In line with this, the
same results were obtained also in other neoplasm-affected patients [38,39], demonstrating
that better nutritional status is related to better functional capacity and physical resistance
to therapies.

Different papers suggest an association between body composition and treatment
related toxicity. In particular, sarcopenia is related with an increased incidence of severe
adverse reactions and treatment interruption [40-43]. In patients with pancreatic neoplasm,
results are still not conclusive [44]. In our systematic review, only two studies analyzed the
effect of nutritional intervention on CIT, but no significant correlation was found [25,27].

Notably, malnutrition affects prognosis and survival in PC patients [45-47]. However,
studies reporting the effects of high-energy ONS on survival outcomes are limited and
heterogeneous, and there is no consensus [48-50]. None of the papers included in our
review that supplemented PC patients with ONS evaluated their effect on survival. In
our analysis, one study reported longer survival after three months with daily supplemen-
tation of broccoli sprouts [29]. Moreover, a trend of increase in OS was found with oral
supplementation of L-carnitine (4 g/day) for 12 weeks, even if no statistical significance
was achieved [22].

Recently a prospective cohort study showed that daily protein intake influenced
the prognosis of patients with unresectable PC undergoing CHT. Interestingly, authors
found that protein intake <1.1 g/kg/day was an independent poor prognostic factor in
this setting [49]. Since the loss of appetite and the consequent reduction of calories and
protein intake are common features of PC patients, the use of ONS can be an advisable,
powerful strategy. Papers included in our analysis globally demonstrated an increase of
dietary intake of all macronutrients with the use of ONS [21,26]. Oral supplementation with
n3-fatty acids induced a stabilization of appetite and meal portions tended to increase [28].

Furthermore, the use of ONS seemed to have a direct impact on malnutrition. Indeed,
two studies reported a significant reduction in PG-SGA score after 8 weeks of intervention
with high-energy and high-protein oral supplementation [21,28].
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Globally, studies focusing on nutritional interventions in gastrointestinal (GI) cancer
showed heterogeneous results. A systematic review conducted on GI cancers (stomach,
esophagus, pancreas) undergoing surgery presented scarce evidence of the effectiveness
of using ONS in terms of body weight gain and increased energy intake both in pre-
and post-operative period [51]. However, a meta-analysis based only on gastric cancer
patients highlighted a positive association between the use of ONS and reduced weight
loss, especially in the postoperative period [50]. Another recent meta-analysis on the
role of oral supplementation with an amino acid-enriched formula containing glutamine,
vitamins, and minerals during CHT and/or radiotherapy in 445 patients with GI and
head-neck cancer showed that this type of nutritional intervention could be beneficial in
preventing CIT and, in particular, oral mucositis [52]. In other malignancies, a proper
nutritional intervention is associated with benefits in terms of body weight and body
composition [53-55]. However, data on the correct timing and the proper type of nutri-
tional intervention are still unconclusive. Results from our study are in line with these
findings [21,22,26-28].

Moreover, in PC, particular attention should be paid to pancreatic exocrine insuf-
ficiency (PEI). Notably, the reduction of pancreatic secretions leads to maldigestion and
malabsorption and remarkably contributes to the development of malnutrition. Thus, when
considering nutritional intervention in PC, pancreatic enzyme replacement therapy (PERT)
must always be taken into account. PEI can be caused by local tumor-induced changes (i.e.,
Warburg effect, production of tumor-specific factors, tumor location, etc.) or can be the
consequence of surgery [56]. It can be present even before the onset of clinical symptoms,
and the estimated prevalence in patients with advanced PC is 72% [57,58]. A few studies
evidence a positive association between PERT prescription with survival and QoL [59,60].
However, PERT is not always adequate in common practice and frequently enzyme dosages
are lower than needed [58]. According to this observation, none of the studies collected in
our review considered PERT. Due to the complex etiology of malnutrition in PC patients,
we believe that close attention should be given to any aspect that can improve nutritional
status and that PERT must be part of nutritional intervention.

The present Systematic Review has some limitations: (i) the small number of included
studies (only nine papers); (ii) the necessity to include papers which enrolled PC patients
during CHT together with other gastrointestinal cancers; (iii) the large variability in term
of nutritional intervention, population, and outcomes.

5. Conclusions

Pancreatic cancer remains one of the most challenging cancers for oncologists and
surgeons. Due to the paucity of studies, the scarcity of sample size, the heterogeneity
of the studies, and the lack of robust randomized clinical trials, it is not feasible to draw
strong conclusions on the role of nutritional support during CHT for PC patients. The
main results of this Systematic Review are an improvement in QoL, nutritional status, body
composition, oral intake, and KPS when nutritional support is provided in PC patients.
Nonetheless, nutritional intervention in PC patients remains advisable, particularly during
CHT, to contribute to the oncological care.

Nevertheless, further well-designed prospective studies are needed to identify the real
impact of nutritional support during oncological pathway in PC patients and to establish
the most effective strategy aiming to reduce the burden of malnutrition in this population.
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Abstract: Phytoestrogens have been suggested to have an anti-proliferative role in prostate cancer,
potentially by acting through estrogen receptor beta (ER) and modulating several hormones. We
primarily aimed to investigate the effect of a phytoestrogen intervention on hormone concentrations
in blood depending on the ER(3 genotype. Patients with low and intermediate-risk prostate cancer,
scheduled for radical prostatectomy, were randomized to an intervention group provided with
soybeans and flaxseeds (~200 mg phytoestrogens/d) added to their diet until their surgery, or a
control group that was not provided with any food items. Both groups received official dietary
recommendations. Blood samples were collected at baseline and endpoint and blood concentrations
of different hormones and phytoestrogens were analyzed. The phytoestrogen-rich diet did not affect
serum concentrations of testosterone, insulin-like growth factor 1, or sex hormone-binding globulin
(SHBG). However, we found a trend of decreased risk of increased serum concentration of estradiol
in the intervention group compared to the control group but only in a specific genotype of ERf
(p = 0.058). In conclusion, a high daily intake of phytoestrogen-rich foods has no major effect on
hormone concentrations but may lower the concentration of estradiol in patients with prostate cancer
with a specific genetic upset of ERf3.
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1. Introduction

The natural cause of prostate cancer is varying and, in some ways, poorly understood,
and several hormones are believed to play a role in the prostate and the development of the
disease. Firstly, androgens, especially testosterone, have been shown to play a vital function
in the prostate [1]. Testosterone is converted to dihydrotestosterone (DHT) in the prostate,
and transcriptional activity can be exerted by DHT binding to the androgen receptor, which
is important in the progression of prostate cancer [2]. Secondly, sex hormone-binding
globulin (SHBG) is a transport glycoprotein for steroid hormones with the highest affinity
for androgens in the prostate [3]. Thirdly, insulin-like growth factor 1 (IGF-1) regulates
the growth and development of several tissues in the body, including the prostate [4].
Nevertheless, studies have found conflicting results regarding the association between
serum concentrations of testosterone [5], SHBG [5,6], and IGF-1 [4] and the development of
prostate cancer. Lastly, estrogen receptor alpha and estrogen receptor beta (ERf) have been
associated with proliferative and anti-proliferative effects in prostate cancer, respectively [7].

Phytoestrogens are plant compounds with structural similarities to estrogens, espe-
cially estradiol, that can both induce or inhibit estrogenic effects due to their high binding
affinity to ERP [8,9]. By binding to the ERf, phytoestrogens may increase prostate cancer
differentiation [10,11], not only directly, but also by downregulating the androgen receptor
and thus androgen-driven proliferation. Phytoestrogens are divided into three main classes:
isoflavones (e.g., daidzein, genistein, glycitein), which can be found in soybeans; lignans
(e.g., secoisolariciresinol, lariciresinol), which can be found in flaxseeds; and coumestans
(e.g., coumestrol), which can be found in bean sprouts [8,12]. Isoflavones and lignans are
metabolized by the gut microbiota [12]. Equol is formed from daidzein and secoisolari-
ciresinol, and plant lignans are converted to the mammalian lignan enterodiol, which is
subsequently transformed into enterolactone by the gut microbiota. The metabolism of
phytoestrogens may depend on factors impacting the gut microbiota, e.g., the intake of
antibiotics [13].

An increased intake of phytoestrogens has been associated with a decreased incidence
of prostate cancer in some studies [14]. In patients with prostate cancer, several studies
suggest an association between an increased intake of phytoestrogens and potentially
positive effects in terms of, e.g., reduced proliferation markers [15-18]. Some studies have
also found effects of phytoestrogens on hormone blood concentrations, such as testosterone,
estradiol, and IGF-1 [18-20]. However, the results are heterogeneous, and the scientific
evidence is insufficient to advise patients with prostate cancer to increase their intake of
phytoestrogens [21]. In our previous case-control study, we observed that a high intake
of phytoestrogens reduced the risk of prostate cancer in men with a specific polymorphic
variation (TC/CC carriers) in the promoter region of ER(3 [22]. These findings prompted
us to investigate the hypothesis that this genotype of ERf had a favorable effect when
patients with prostate cancer increased their intake of phytoestrogens and the potential
mechanism of hormones in this. Here, we primarily investigated the effect of a diet rich
in phytoestrogens on hormone concentrations in blood depending on the genotype of
ERp. Secondarily, we investigated concentrations of phytoestrogens in the blood and the
relationships between phytoestrogen and hormone concentrations in blood.

2. Materials and Methods
2.1. Study Population and Study Design

The design of the PRODICA (the impact of Dlet and individual genetic factors on
tumor proliferation rate in men with PROstate CAncer) study and the randomization
process have been described in detail elsewhere [23]. Men diagnosed with prostate cancer
cT1-cT2 (prostate-specific antigen (PSA) < 20, International Society of Urological Pathology
(ISUP) grade < 4) and scheduled for radical prostatectomy were invited to participate in
the study at the Department of Urology at Sahlgrenska University Hospital in Gothenburg,
Sweden. Patients with ongoing hormone therapy, physical or psychiatric disorders, cog-
nitive dysfunction, and allergy to the intervention foods were not included in the study.
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During the inclusion meeting, the participants met a dietitian from the study administra-
tion, filled out a questionnaire, height and weight were measured, and blood samples were
collected before they were randomized to an intervention or a control group (Figure 1).
The study dietitian used an envelope containing folded notes, half for the intervention
group and the other half for the control group, to randomize the participants. Within
seven days before the time of surgery, blood samples were collected, and the participants
were instructed to fill out a similar questionnaire in proximity to the time of surgery
(preferably 1 to 2 days before). The study period aimed to be at least 6 weeks, but for
some patients the surgery was scheduled earlier. Nevertheless, patients with at least two
weeks to scheduled surgery were included in the study. However, if already included
patients had surgery within two weeks after the inclusion, they were not excluded from
the study. The patients were recruited between 1 February 2016, and 12 October 2022, and
the last blood sample was collected in November 2022. In the PRODICA study, tumor
proliferation is the primary outcome and hormone concentrations are predeclared sec-
ondary outcomes [23]. The study was registered at ClinicalTrials.gov (NCT02759380, https:
/ /clinicaltrials.gov/ct2 /show /NCT02759380?cond=NCT02759380&draw=2&rank=1; ac-
cessed on 26 March 2023) on 3 May 2016 after our pilot study (n = 10) was finished.
Except for some administrative changes, we made no major changes to the study pro-
tocol after the pilot study [23]. The study was approved by the Ethical Review Board
in Gothenburg (registration number 410-14, amendment numbers T124-15; 2020-02471;
2021-03320, 2021-05878-02).
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Figure 1. Design of the PRODICA (the impact of Dlet and individual genetic factors on tumor
proliferation rate in men with PROstate CAncer) study. During the inclusion meeting, participants
were randomized to an intervention or a control group, filled out a questionnaire, and blood samples
were collected. A similar questionnaire was filled out and blood samples were collected again within
seven days before the time of surgery. The intervention was intended to last approximately 6 weeks.

2.2. Intervention and Control Diets

Both groups received written dietary recommendations based on the national dietary
guidelines issued by the Swedish National Food Agency [24]. The dietitian went through
the guidelines orally with the participants at the inclusion meeting. The participants were
instructed to avoid dietary supplements, but no other dietary restrictions were given.
During the inclusion meeting, the participants in the intervention group were provided
with the amounts of soybeans and flaxseeds that were planned to suffice until the scheduled
surgery. The participants received a schedule on the amounts of the intervention foods to
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eat [23], serving suggestions, and recipes. Intake of the food items was gradually increased
during the first nine days and thereafter included a daily intake of 28 g flaxseeds, 47 g
green soybeans, and 28 g roasted yellow soybeans (corresponding to an estimated amount
of 100 mg isoflavones and 100 mg of lignans and thus 200 mg of phytoestrogens [25]).
Participants randomized to the intervention groups among the first 18 participants received
crushed flaxseeds, but thereafter participants received whole flaxseeds instead due to the
content of cyanogenic glycosides in flaxseeds [26], as explained in detail elsewhere [23].
Both groups were aware of which group they were allocated to, but the control group did
not know what the intervention diet consisted of.

2.3. Blood Samples

Blood samples were collected and handled according to standard procedures [23]
and were thereafter stored at —80 °C before being sent for genotyping analysis (whole
blood), analysis of hormones (serum), and analysis of phytoestrogens (plasma). Analysis
and selection of single nucleotide polymorphisms of the ER} gene were performed in
whole blood to assign each participant to the genotype of either TT, TC, or CC, as described
elsewhere [22,23]. Plasma concentrations of phytoestrogens were analyzed at Aarhus
University (Aarhus, Denmark) using LC-MS/MS measurements performed on a microL.C
200 series (Eksigent/AB Sciex, Redwood City, CA, USA) and QTrap 5500 mass spectrometer
(AB Sciex, Framingham, MA, USA) [27,28] with a coefficient of variation (CV) varying
between 4.6% and 8.6% depending on the analyte. Quality control samples were used to
calculate intra- and inter-batch CV. The chemical structures of the analyzed phytoestrogens
are shown in Figure 2. The concentrations of estradiol, testosterone, SHBG, and IGF-1
were analyzed using the serum samples at the Department of Clinical Chemistry (Halland
Hospital in Halmstad and Varberg, Sweden) according to their standard clinical protocol,
described elsewhere [23]. However, the standard protocol for IGF-1 changed during the
study period, and the first 104 participants were analyzed using sandwich enzyme-linked
immunosorbent assay (ELISA), and the rest of the participants by sandwich assay on a
Cobas 8000 (Hitachi High-Tech Corporation, Tokyo, Japan) analyzer series (reagent: Roche
Diagnostics GmbH, Mannheim, Germany). All executors of the analyses received coded
samples and were blinded to whether the samples belonged to the intervention or the
control groups.

Enterodiol Enterolactone

Genistein Glycitein Equol

Figure 2. Chemical structures of the analyzed phytoestrogens in the study. Collected with permission
from PubChem, URL: pubchem.ncbi.nlm.nih.gov [29].
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2.4. Statistical Analysis

Stata/SE version 17.0 (StataCorp LLC, College Station, TX, USA) was used for statisti-
cal analysis. Analyses of demographics, serum concentrations of hormones, and plasma
concentrations of phytoestrogens were stratified according to the genotype of ERf3, and
differences were tested between the genotypes within the intervention and control groups
and between the intervention and the control groups with the same genotype. An indepen-
dent t-test was used to test differences in normally distributed data and the Mann-Whitney
U test or the Kruskal-Wallis test for non-normally distributed data. The Shapiro-Wilk test
was used for guidance to test if the data were normally distributed. All analyses included
only participants with data available from both baseline and endpoint blood samples.

To investigate changes in hormone concentrations between baseline and endpoint,
we dichotomized hormone changes into increased concentrations (1) and unchanged or
decreased concentrations (0) between baseline and endpoint. Then, the dichotomized
variables were used as outcomes in a generalized linear model providing estimates of the
risk difference (RDs) and corresponding 95% confidence intervals (CIs) of the difference be-
tween the intervention and control groups. These analyses were stratified by ERf3 genotype
and adjusted for body mass index (BMI), age, and smoking. Additive interactions between
the ERpB genotype and intake of phytoestrogens on increased hormone concentrations
were tested.

A linear regression was used to investigate the relationships between plasma concen-
trations of phytoestrogens (explanatory variables) and serum concentrations of hormones
(outcomes). The regression model was stratified according to the intervention and control
groups and adjusted for body mass index (BMI), age, and smoking. Due to skewed data,
the hormone and phytoestrogen concentrations were logarithmized in the linear regression
using the natural logarithm.

In the analysis of plasma concentrations of phytoestrogens, we compared users and
non-users (including participants who reported “do not know”) of antibiotics over the
last five years and different intervention lengths (<28, 28-56, >56 days). In a subgroup
analysis, the concentrations of different lignans were stratified in participants receiving
crushed and whole flaxseed. For considered confounding variables, BMI was categorized as
underweight (<18.5 kg/ m?), normal weight (18.5-24.9 kg/ m?), overweight (25-29.9 kg/ m?),
obese class 1 (30-34.9 kg/m?), and obese class > 2 (>35 kg/m?) [30]. Age was categorized
in >median of the study population and <median of the study population. Intake of
antibiotics was categorized as 0 (non-users) if the participants reported in the questionnaire
that they did not know or had no intake of antibiotics during the intervention and the
recent five years. A reported intake of antibiotics, at least once during the intervention or
the recent five years, was categorized as 1 (users). Smoking was categorized as current
smoker (1) and nonsmoker (0). If a participant had quit smoking <5 years ago he was
categorized as a current smoker, and if he quit smoking >5 years ago he was categorized as
a nonsmoker.

3. Results
3.1. Population and Baseline Characteristics

Of 195 invited men, 55 patients declined to participate, with the main reasons being
occupied or unwillingness to participate in the inclusion meeting (mainly due to long travel
times) (Figure 3). In total, 140 participants were randomized to either the intervention
(n =71) or the control (n = 69) groups. Of these, 135 participants completed the blood
sample at endpoint (intervention n = 68, control n = 67). Five participants (interventionn = 3,
control n = 2) did not complete the intervention; two participants in the intervention group
experienced gastrointestinal problems from the intervention foods and the participants in
the control group did not state a reason. In total, seven participants in the intervention
group reported gastrointestinal symptoms, and of those, five completed the intervention.
Other adverse effects of the intervention foods were reported by three participants and
were of different kinds.
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The participants’ median age was 66 years (IQR 11; range 40-76) and the median
study period was 47 days (IQR 33, range 7-583; Table 1). At the time of diagnosis, most
participants had an ISUP grade of 2 and a tumor stage of Tlc. Atbaseline, participants in the
intervention group had a higher BMI, a lower level of physical activity, and a higher tumor
stage, and there were less users of antibiotics in the recent years compared to participants
in the control group (Table 1).

Table 1. Demographics of the patients included in the PRODICA ! study.

Intervention (n = 68) Control (n = 67)
Genotype TT ? Genotype TC/CC 2 Genotype TT ? Genotype TC/CC 2
(n=35) (n =33) (n = 26) (n=41)
Median Ranee Median Range Median Range Median Ranee
(IQR) & (IQR) & (IQR) & (IQR) &
Age, years 65 (13) 51-76 67 (8) 43-76 66 (10) 51-74 65 (10) 40-75
Intervention period, d 47 (46) 12-189 48 (28) 7-146 46 (27) 8-213 47 (29) 14-583
BMI, kg/m? 27.8(52) 21.7-374 281(47) 21.3-351 26.0(39) 20.040.0 25.5(3.8) 20.6-33.3
(%) (%) n(%) n(%)
Tumor stage at diagnosis
cT1 20 (57) 20 (61) 14 (54) 31(76)
cT2 15 (43) 12 (36) 10 (38) 10 (24)
cTX 0(0) 1(3) 2(8) 0(0)
ISUP grade at diagnosis
1 11 (31) 14 (42) 10 (38) 19 (46)
2 19 (54) 15 (45) 11 (42) 19 (46)
3 5 (14) 4(12) 5 (19) 3(7)
Physical activity 3
Low 6 (17) 8 (24) 2(8) 4(10)
Moderate 19 (54) 16 (48) 17 (65) 19 (46)
High 10 (29) 9(27) 7 (27) 18 (44)
Heredity
Yes 13 (37) 12 (36) 7 (27) 14 (34)
No 9 (26) 10 (30) 4 (15) 14 (34)
Do not know 13 (37) 11 (33) 15 (58) 13 (32)
Antibiotic treatment last
year
Yes 12 (34) 7 (21) 11 (42) 11 (27)
No 22 (63) 25 (76) 15 (58) 29 (71)
Do not know 1(3) 1(3) 0(0) 1(2)
Antibiotic treatment last
2-5 years
Yes 14 (40) 10 (30) 13 (50) 22 (54)
No 19 (54) 17 (52) 12 (46) 14 (34)
Do not know 2 (6) 6 (18) 1(4) 5(12)
Antibiotic treatment
during the
intervention, n (%)
Yes 1(3) 3(9) 3(12) 4 (10)
No 34(97) 30 (91) 23 (88) 36 (88)
Missing, 1 (%) 0(0) 0 (0) 0(0) 1(2)
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Table 1. Cont.

Intervention (n = 68) Control (n = 67)

Genotype TT ? Genotype TC/CC 2 Genotype TT ? Genotype TC/CC 2
(n =35) (n=33) (n =26) (n=41)
Median Ranee Median Range Median Ranee Median Ranee
(IQR) 8 (IQR) & (IQR) & (IQR) &
Smoking
Currently 2 (6) 1(3) 1(4) 2 (5)
Previously 16 (46) 17 (52) 12 (46) 21 (51)
Never 17 (49) 15 (45) 13 (50) 18 (44)

! The impact of Dlet and individual genetic factors on tumor proliferation rate in men with PROstate CAncer. 2
Participants were assigned to the genotype TT, TC, or CC of the estrogen receptor beta. 3 Activity in the daytime:
sedentary (100 p); partly sedentary, sitting, and walking (200 p); mostly standing and walking (300 p), physical
labor (400 p). Physical activity in the evening time: sedentary (1 p), slight activity—equal to a 30-min walk (2 p);
moderately strenuous activity—equal to a bike ride of >30 min (3 p); sports activity (4 p). Low physical activity:
101-103, 201 p; moderate physical activity: 104, 202-203, 301-302 p; high physical activity: 204, 303-304, 401-404
p. Abbreviations: ISUP, International Society of Urological Pathology.

Assessed for eligibility (n= 236) l

Excluded (n= 96)

Not meeting inclusion criteria (n= 32)
Randomized (n= 140)

Declined to participate (n= 55)
1 Allocation );

Other reasons (n= 9)
Allocated to intervention (n=71)

Allocated to control (n= 69)

Il Follow-Up ,I

Discontinued intervention (unknown reason)

Blood samples at endpoint (n= 68)
Hormone blood concentration analysis (n= 68)
Phytoestrogen blood concentration analysis

Blood samples at endpoint (n= 67)
Hormone blood concentration analysis (n= 67)
Phytoestrogen blood concentration analysis

(n=51) (n= 54)

Figure 3. Flowchart of the PRODICA study.

3.2. Effects of the Intervention Diet on Hormone Concentrations

Besides higher concentrations of estradiol at baseline in the intervention group com-
pared to the control group in participants with the TT genotype of ERf, there were no
statistically significant differences in hormone serum concentrations between the interven-
tion and control groups at any time points (Table 2). Within the intervention group, we
found a decreased concentration of SHBG in participants with the TC/CC genotype in
comparison with participants with the TT genotype who increased their concentrations.
We found no effect of the intervention diet on the risk of increasing different hormone
serum concentrations between baseline and endpoint, except for estradiol. There was a
trend of decreased risk of increased serum concentration of estradiol in the intervention
group compared to the control group but only in participants with the TC/CC genotype
(RD —22%, p = 0.058, Table 3).
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Table 3. Risk differences (RDs) with 95% confidence intervals (CIs) for the risk of increasing different
hormone concentrations between baseline and endpoint, in relation to intake of phytoestrogens,
stratified by estrogen receptor beta genotype (TT or TC/CC).

Hormone Concentrations

j 1 i 1 e
RD 9505 1 ~ Adjusted Adjusted p Additive

(nmol/L) RD 95% CI Interaction

Testosterone All cases (n = 135) 0.083 —0.84,0.25 0.067 —0.10,0.23 0.792
TT (n=61) 0.12 —0.12, 0.36 0.099 —0.14, 0.34
TC/CC (n="74) 0.076 —0.15, 0.30 0.073 —0.16, 0.31

Estradiol All cases (n = 135) —0.11 —0.28,0.057 —0.13 —0.30, 0.045 0.424
TT (n = 61) —0.013 —0.26,0.23 —0.027 —0.27,0.22
TC/CC (n="74) —0.15 —0.37,0.076 —0.22 —0.45,0.071

SHBG All cases (n = 135) 0.038 —0.13,0.20 0.030 —0.14,0.20 0.149
TT (n =61) 0.15 —0.10, 0.40 0.13 —0.12,0.37
TC/CC (n="74) —0.093 —0.30,0.12 —0.11 —0.33,0.011

IGF-1 All cases (n = 135) —0.038 —0.21,0.13 —0.028 —0.20,0.14 0.386
TT (n =61) —0.090 —0.34,0.16 —0.076 —0.31,0.15
TC/CC (n="74) 0.057 —0.16,0.28 0.068 —0.16, 0.30

Testosterone/SHBG ratio All cases (n = 135) 0.0061 —0.16,0.17 0.027 —0.14,0.20 0.632
TT (n = 61) 0.022 —0.21,0.25 0.028 —0.20, 0.25
TC/CC (n="74) —0.058 —0.29,0.17 —0.083 —0.31,0.15

Testosterone/estradiol ratio All cases (n = 135) 0.097 —0.068, 0.26 0.081 —0.090, 0.25 0.458
TT (n =61) 0.15 —0.10, 0.40 0.13 —0.12,0.39
—0.0050 2 -0.21,0.222
TC/CC (n="74) 0.022 —0.20,0.24 0.0011 3 —0.21,0.213
0.024 4 —-0.21,0.254

! Analyses were adjusted for BMI (kg/m2) (<18.5; 18.5 to <25; 25 to <30; 30 to <35; >35), age (>median, <median),
and smoking (1 = current smoker or quit smoking <5 years ago; 0 = nonsmoker or quit smoking >5 years ago).
2 The analysis did not converge and was therefore only adjusted for BMI and smoking. 3 The analysis did
not converge and was therefore only adjusted for age and smoking.  The analysis did not converge and was
therefore only adjusted for BMI and age. Abbreviations: IGF-1, insulin-like growth factor 1; SHBG, sex hormone
binding globulin.

3.3. Plasma Concentrations of Phytoestrogens

There were no differences in the plasma concentrations of phytoestrogens at baseline
between the intervention and control groups (Figure 4). The plasma concentrations of
enterolactone, enterodiol, secoisolariciresinol, daidzein, genistein, glycitein, and equol were
statistically significantly higher in the intervention group compared to the control group
at endpoint. Participants in the intervention group increased their concentrations of these
phytoestrogens during the study period compared to participants in the control group
whose concentrations were maintained or reduced (Table 4). None of the participants had
detectable concentrations of equol at baseline, and only ten participants (20%) in the inter-
vention group and one participant in the control group (2%) had detectable concentrations
at endpoint (Table 4).

Non-users of antibiotics had higher median values of genistein and daidzein at base-
line. We found no differences in median values between users and non-users of antibiotics
at endpoint or for the change between endpoint and baseline. When the change in different
concentrations of phytoestrogens was compared depending on different intervention dura-
tions, no difference was found between the three different durations. Stratified analyses of
participants receiving crushed and whole flaxseed showed no difference in plasma concen-
trations for enterodiol and enterolactone at any time point (Table S1). However, participants
who received crushed flaxseeds had a higher change between baseline and endpoint in
plasma concentration of secoisolariciresinol compared to those receiving whole flaxseeds.
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Figure 4. Boxplots showing plasma concentrations of different phytoestrogens (nmol/L) in the
intervention- (1 = 51) and control groups (n = 54) in patients with prostate cancer at baseline and
endpoint. (A) Plasma concentrations of lariciresinol, secoisolariciresinol, and glycitein. (B) Plasma
concentrations of enterolactone, enterodiol, and equol. (C) Plasma concentrations of daidzein and
genistein. Concentrations of secoisolariciresinol, glycitein, enterolactone, enterodiol, equol, daidzein,
and genistein were statistically significantly higher in the intervention group compared to the control
group at the endpoint. The Mann-Whitney U test was used to test differences between groups.

3.4. The Relationship between Blood Concentrations of Phytoestrogens and Horniones

We found a relationship between higher plasma concentrations of lignans and higher
serum concentrations of SHBG, but it did not remain statistically significant after adjusting
for confounders. A 10% increase in plasma concentrations of lignans was associated with a
55% increase in serum concentrations of SHBG (p = 0.11; Table 5).
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Table 5. Linear regression analyses between plasma concentrations of phytoestrogens (explana-
tory variables) and serum concentrations of hormones (outcomes) in patients with prostate cancer

(n = 105).

Hormone Concentrations

(nmol/L)

Plasma
Concentrations of
Lignans ! (nmol/L)

B (95% CI)

Plasma Concentrations

of Isoflavones 2 (nmol/L)

B (95% CI)

Plasma Concentrations
of Phytoestrogens 3
(nmol/L)

B (95% CI)

Testosterone

Estradiol

SHBG

IGF-1

Testosterone/SHBG ratio

Testosterone/estradiol ratio

Unadjusted 0.035(—0.028,0.099)  0.0071 (—0.024, 0.039) 4 0.013 (—0.034, 0.059)
Adjusted ° 0.029 (—0.034,0.092)  0.0099 (—0.021, 0.041) 4 0.014 (—0.031, 0.059)
Unadjusted 0.019 (—0.051,0.089)  —0.012 (—0.046,0.022)*  —0.013 (—0.064, 0.037)
Adjusted ° 0.026 (—0.044,0.097)  —0.015 (—0.050, 0.019) 4 —0.014 (—0.65, 0.036)
Unadjusted 0.071 (0.0013, 0.14) —0.0090 (—0.044,0.026)#  0.011 (—0.040, 0.062)
Adjusted ® 0.055 (—0.013,0.12)  —0.0048 (—0.038,0.029)%  0.010 (—0.039, 0.059)
Unadjusted ~ 0.0065 (—0.049,0.062)  0.012 (—0.015, 0.038) * 0.0085 (—0.031, 0.048)
Adjusted ° 0.015 (—0.041,0.071)  0.0095 (—0.017, 0.036) * 0.0093 (—0.031, 0.049)
Unadjusted ~ —0.036 (—0.85,0.014)  0.016 (—0.0082, 0.040) 0.0017 (—0.034, 0.038)
Adjusted 5 —0.026 (—0.075,0.023)  0.015 (—0.0093, 0.039) 4 0.0038 (—0.031, 0.039)
Unadjusted 0.016 (—0.057, 0.089) 0.019 (—0.016, 0.055) 4 0.026 (—0.026, 0.078)
Adjusted 3 0.0031 (—0.064,0.070)  0.025 (—0.0071, 0.058) 0.028 (—0.019, 0.076)

! Include lariciresinol, secoisolariciresinol enterolactone, and enterodiol. 2 Include daidzein, genistein, glycitein,
and equol. ® Include isoflavones and lignans. 4 One participant is missing. > Analyses were adjusted for BMI
(kg/m2) (<18.5; 18.5 to <25; 25 to <30; 30 to <35; >35), age (>median, <median), and smoking (1 = current smoker
or quit smoking <5 years ago; 0 = nonsmoker or quit smoking >5 years ago). Samples of plasma and serum were
collected at endpoint. Hormone concentrations and phytoestrogen concentrations were logarithmized using the
natural logarithm. Abbreviations: (3, beta-coefficient; IGF-1, insulin-like growth factor 1; SHBG, sex hormone
binding globulin.

4. Discussion

In this randomized controlled dietary intervention study of patients with prostate
cancer, an increased intake of phytoestrogens did not affect the serum of concentrations of
testosterone, SHBG, and IGF-1. However, a trend of decreased risk of increased concen-
tration of estradiol was found in participants with the TC/CC genotype of ERfB. In the
intervention group, participants with the TC/CC genotype decreased serum concentrations
of SHBG during the intervention compared to participants with the TT genotype, who
increased their concentrations.

In one of the genotype groups of ERf3, we found a trend of a decreased risk of
increasing estradiol concentration, comparing the intervention and control groups. This
is in contrast to another study that demonstrated an increase in plasma concentrations
of phytoestrogens and increased concentrations of serum estradiol, although the blood
concentrations of phytoestrogens were lower than in our study [19]. Hamilton-Reeves et al.
found higher urinary excretion of estradiol and 2-hydroxy estrogens to 16a-hydroxyestrone
(2:16 OH-E1) ratio with an isoflavone supplement compared to a control group [31]. A
higher 2:16 OH-E1 ratio has been associated with a reduced risk of prostate cancer [32].
However, 2:16 OH-E1 ratio was not analyzed in our study. A potential mechanism of
our result is that the increased intake of phytoestrogens resulted in negative feedback on
estradiol. To our knowledge, there is no study confirming this mechanism.

We did not find any effect of the phytoestrogen intervention on serum concentrations
of testosterone, IGF-1, and SHBG. This is in line with several other studies finding no effect
on blood concentrations of testosterone, IGF-1, and SHBG [15-17]. Other investigations
challenge these results with favorable effects on testosterone [18,19] and IGF-1 in African
American men [20]. These conflicting results can depend on the different doses and sources
of phytoestrogens used in the studies, varying effect-modifying factors, short duration of
interventions, and small sample sizes [21].

In the intervention group, the two genotype groups of ERf3 had opposites effects
on SHBG concentration, participants with the genotype of TC/CC decreased their con-
centrations during the intervention, and participants with TT genotype increased their
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concentrations. This suggests that the genotype of ERp may affect the serum concen-
trations of hormones. To our knowledge, this is the first study to investigate the effect
of phytoestrogens on serum hormones depending on the genotype of ER. ERf has an
important role in, e.g., hormonal and protein regulation and transcription, and thus the
genotype of ER( could play a role in these different responses [11]. Lee et al. found that
postoperative biochemical recurrence-free survival was worse for patients with higher
SHBG concentrations [33], suggesting a beneficial effect of the TC/CC genotype in prostate
cancer. Nevertheless, the impact of the genotype of ER3 needs to be further examined in
future studies.

We found that the intervention diet increased the plasma concentrations of several
phytoestrogens. Elevated plasma phytoestrogen concentrations have been confirmed in
similar intervention studies [19,34]. Daidzein and genistein are the main isoflavones in
soybeans [12], which explains why these compounds had the highest concentrations in
participants in the intervention group at endpoint. For isoflavones, few participants in
our study had detectable measures of equol. Previous studies have observed a higher
proportion (35%) of equol producers than ours in a general Caucasian population [35,36].
Our population’s reduced ability to metabolize equol may be caused by the fact that equol
or the ability to produce equol could be related to the development of prostate cancer [37].
We noticed that the intake of antibiotics affected some phytoestrogen concentrations at
baseline. This was probably because the intake of antibiotics impacted the intestinal
microbiota and negatively affected the phytoestrogen metabolism [13].

The strengths of this study include the randomized design and the fact that blood con-
centrations of phytoestrogens were measured. The results are also based on a large clinical
study with a low dropout rate. Even if the number of dropouts would be large enough to
affect the results, we do not expect the results of the participants who dropped out from
the study to differ from the rest of the study population. A limitation of the present study
is the change from crushed to whole flaxseeds, which probably decreased the absorption of
lignans [38]. This is confirmed by the higher change in concentrations of secoisolariciresinol
in participants who received crushed flaxseeds compared to those who received whole
flaxseeds. Another limitation is the wide range (1 to 83 weeks) of the duration of the inter-
vention depending on when the surgery was scheduled, as both very short and very long
intervention durations could have influenced the blood concentrations of phytoestrogens.
However, we did not find any difference in plasma concentrations when we stratified the
analysis after the intervention duration. Previous research observed half-lives of 2-11 h in
plant lignans and isoflavones and longer half-lives in their mammalian conversion prod-
ucts, likely because of continuous transformation by the gut microbiota [39,40]. Moreover,
the gut microbiota is important for the formation of enterolactone, enterodiol, and equol,
but we did not collect any stool samples or information on additional factors influencing
the metabolism of phytoestrogens (e.g., diseases or drugs influencing gut microbiota and
intake of prebiotics and probiotics) [12,41]. For the generalizability of the result, we lack
data on patients with high-grade prostate cancer, men without prostate cancer, and women.

In conclusion, our findings suggest that a high intake of phytoestrogens may lower the
concentration of estradiol in patients with prostate cancer with a specific genetic upset of
ERf but does not affect serum concentrations of testosterone, IGF-1, and SHBG. However,
the effect on SHBG concentration differed across the ERf genotype groups. The effect of
the genotype of ER3 on hormone concentrations in patients with prostate cancer should be
confirmed in future studies. Further research is needed to investigate whether elevated
plasma concentrations of phytoestrogens have a beneficial effect in terms of reduced tumor
proliferation and prolonged survival for patients with prostate cancer.

Supplementary Materials: The following supporting information can be downloaded at: https://

www.mdpi.com/article/10.3390/nu15071792/s1, Table S1: Plasma concentrations of phytoestrogens
in the intervention group receiving crushed or whole flaxseeds in the PRODICA study.
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Abstract: While surgical therapy for head and neck cancer (HNC) is showing improvement with
the advancement of reconstruction techniques, the focus in these patients should also be shifting to
supportive pre and aftercare. Due to the highly sensitive and anatomically complex region, these
patients tend to exhibit malnutrition, which has a substantial impact on their recovery and quality
of life. The complications and symptoms of both the disease and the therapy usually make these
patients unable to orally intake food, hence, a strategy should be prepared for their nutritional
management. Even though there are several possible nutritional modalities that can be administrated,
these patients commonly have a functional gastrointestinal tract, and enteral nutrition is indicated
over the parenteral option. However, after extensive research of the available literature, it seems
that there is a limited number of studies that focus on this important issue. Furthermore, there
are no recommendations or guidelines regarding the nutritional management of HNC patients,
pre- or post-operatively. Henceforth, this narrative review summarizes the nutritional challenges
and management modalities in this particular group of patients. Nonetheless, this issue should be
addressed in future studies and an algorithm should be established for better nutritional care of
these patients.

Keywords: head and neck surgery; oromaxillofacial surgery; head and neck cancer; clinical nutrition

1. Introduction

Head and neck cancers (HNC) represent epithelial malignancies in the paranasal
sinuses, nasal cavity, oral cavity, pharynx, and larynx, all of which significantly impact
the morbidity and mortality of the affected population [1]. Hence, the National Cancer
Institute’s (NCI's) Surveillance, Epidemiology, and End Results (SEERs) refer to more than
65,000 new cases annually, with more than 14,500 death cases associated with the disease [2].

Most cases of HNC are head and neck squamous cell carcinoma (HNSCC), which
is the sixth most widespread malignancy worldwide with an estimated 3% of all cancer
cases [3]. The most significant risk factors that contribute to its pathogenesis are tobacco
usage, alcohol consumption, and infection with a high-risk human papilloma virus [4].
Furthermore, the most lethal among the HNSCC is the oral squamous cell carcinoma
(OSCC), which accounts for 90% of all oral malignancies and has an estimated 2-3% death
rate of all cancer-related deaths [5].

Even though there are several different treatment modalities for HNC, due to the
complex anatomy along with the highly important functions in the head and neck region,
management of HNC should be multidisciplinary, with the focus not only on therapy
but also on supportive pre and aftercare [6]. One of the significant reasons for the high
HNC disease burden is malnutrition and nutritional deficits in these patients, which have
a substantial impact on health outcomes as well as the overall quality of life [7]. Malnutrition
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can be referred to by following several different criteria, including more than 5% weight
loss in three months or more than 10% in a six-month period, or a BMI less than 20 kg/m?,
while albumin levels less than 35 g/L can be suggestive of malnutrition as well [8-10].

Problems with nutrition already start with disease onset, with various studies showing
25-65% of HNC patients presenting themselves with malnutrition, with more than 10%
weight loss from the normal body mass [11-13]. High levels of variability and difficulties
to obtain exact data are probably driven by different malnutrition definitions and different
methods of malnutrition assessment [14]. However, there could be several reasons for
the still significant percentages of malnutrition in these patients even before treatment,
including chronic malnutrition, which is associated with alcohol and tobacco usage, trismus,
obstruction of the respiratory and digestive system with aspiration, odynophagia, and
dysphagia [6,13]. Hence, Kubrak et al. showed in a large cohort of HNC patients that
independent predictors of weight loss in a naive population were tumor stage, dietary
intake categories, and performance status [15].

Different treatment modalities can only further worsen the nutritional status of HNC
patients. These modalities include chemotherapy, radiation therapy, surgical procedures,
specialized targeted therapies, and different combination therapies [16]. While surgical
procedures are a potential cause of disrupted food intake, mostly based on tumor location
and resection type and size, radiotherapy, and chemotherapy are connected to various
symptoms that further impair oral food intake and often cause treatment withdrawal [17,18].
Furthermore, according to several studies, malnutrition in HNC patients during therapy
can be present in substantially high percentages, up to 80% [19-21]. Mucositis is commonly
associated with chemotherapy and radiotherapy and is characterized by inflamed lesions in
the area of the mouth and throat. These complications are connected to infections, dysphagia,
and pain, among others [22]. Xerostomia and impaired parathyroid gland function are
two of the most common adverse effects of radiotherapy that significantly reduce the
quality of life of patients and are often associated with thick saliva. This causes further
negative effects on chewing, swallowing, and speaking, with an accompanying increase in
infections [23,24]. Other adverse effects of therapeutic modalities that significantly impair
weight maintenance and the proper healing process include nausea, vomiting, constipation,
depression, dysgeusia, and odynophagia [6].

Adequate nutritional support in HNC patients is of vital importance, as malnutrition
is associated with a decreased therapeutic and immunological response with a higher
incidence of infections and post-surgical complications. Furthermore, it causes treatment
breaks with a higher economic burden and decreased functional performances that
cumulatively lead to decreased quality of life and higher mortality rates. Interestingly,
overweight and obese people with higher BMlIs are at the same risk of all of the mentioned
complications [6,13,25-27]. Hence, studies have shown that weight loss before treatment
was one of the main independent survival predictors, while nutritional support before
surgery can lead to significant beneficial changes in quality of life with fewer post-
operative infectious complications [28,29].

These considerations were leading to the development of various screening tools in
order to diagnose vulnerable patients and to prevent treatment complications and negative
health outcomes. Moreover, the Nutritional Risk Screening 2002 (NRS 2002) and Malnutri-
tion Universal Screening Tool (MUST) were accepted by the European Society for Clinical
Nutrition and Metabolism (ESPEN) for hospital usage [19]. The newest edition of the ES-
PEN clinical guidelines for clinical nutrition in cancer, which is dedicated to all healthcare
professionals that participate in cancer patient care, has a total of 43 recommendations and
short commentaries regarding cancer patient management. Even though general recom-
mendations are included that can be of use in HNC patient care, with some specialized parts
that address this population specifically, there is still a need for comprehensive, detailed
guidelines that involve only the HNC patient population [30].

Another important practice that should be implemented regularly in HNC patient
management is involving enhanced recovery after surgery (ERAS) protocols. These spe-
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cialized, evidence-based protocols were initially presented in the perioperative care of
colorectal surgery, and up to today investigations have shown numerous beneficial health
outcomes with managed patients in different surgical branches [31,32]. The ERAS protocol
with published recommendations was introduced for HNC surgical procedures with free
flap reconstruction in 2017, with a special focus on perioperative nutritional care [33].
According to these recommendations, Moore et al. performed a clinical investigation on
25 HNC surgery patients that received perioperative nutritional supplementation. Results
have shown that processes still need some modifications to ensure specialized approaches
for patient care improvement [34].

These data suggest that even though some nutritional guidelines for HNC surgery
exist, there is still a potential need for new investigations, modifications, and better
clinical utilizations.

2. Nutritional Modalities

Patients with head and neck cancer, due to the location of the tumor in the upper
airway and digestive tract, can have difficulties masticating and swallowing food. Tumor-
related dysphagia can significantly compromise the nutrition status of those patients and
put them at risk of malnutrition at the time of diagnosis. Due to inadequate nutrition
intake, these patients are prone to weight loss, decrease in muscle mass, fatigue, and
anemia, which ultimately leads to cancer cachexia syndrome. Studies indicate that impaired
nutrition status is noticed in 25-27% of these patients at the time of diagnosis and before
the start of treatment [35-38]. It was also shown that pretreatment weight loss is a strong
survival predictor and pretreatment cachexia is connected to poor survival [29,38,39].
Additionally, sarcopenia that occurs as a result of cancer cachexia has been connected
with unfavorable treatment outcomes in patients with head and neck cancer [40]. Cancer
treatment can further aggravate treatment-related dysphagia, resulting in reduced food
intake and deteriorating nutrition status [35-37]. Severe weight loss (more than 10% of
body weight) during treatment has been observed in the absence of intensive nutrition
support in up to 58% of patients [38,41,42].

Nutrition support is a crucial part of head and neck cancer control, supporting better
disease outcomes. Oral intake of food is the preferred method of nutrition, but in cases when
adequate nutritional intake cannot be maintained by mouth, enteral or parenteral nutrition
is necessary. Enteral nutrition is preferred over parenteral nutrition, being physiologically
natural. It also maintains gastrointestinal integrity, protecting it from atrophy, and also
supports gut immune function (Table 1). Enteral nutrition implies the administration of
food into the gastrointestinal tract through a tube or stoma.

Table 1. Main characteristics and differences between enteral and parenteral nutrition.

Enteral Nutrition Parenteral Nutrition
Cheaper Expensive
Lower infection rate Higher infection rate
Need of monitoring for optimal nutrition Delivery of optimal nutrition
No gut atrophy Gut atrophy
Shorter hospitalization rate Longer hospitalization rate
Fewer complications More complications

Furthermore, it is important to plan the nutritional management of these patients
during pre-treatment care. Although head and neck cancer patients have restricted oral
intake, their gastrointestinal tract is usually functional. Therefore, enteral nutrition is
indicated in patients that are unable to feed orally but have a functioning and accessible
gastrointestinal tract. It can be short-termed or long-termed and can be administrated
into the stomach—gastric or into the intestine—post-pyloric [43]. It is a safe and effective
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nutrition manner to provide nutrition that can be easily administered by patients and their
families at home. The main contraindication for applying enteral nutrition is the non-
functional gastrointestinal (GI) tract. Numerous studies have shown that administrating
feeding tubes before the start of treatment in these patients ensures better overall outcomes.
It acts beneficially in the prevention of weight loss and sarcopenia, dehydration, reduced
hospital admission, and improved quality of life [44-49]. Improvements in nutrition
parameters, including anthropometrics and laboratory data, have also been observed [50].

3. Enteral Nutrition

Several factors must be considered in determining which type and modality of enteral
nutrition are administrated. The site of feeding and expected duration is primary, but it is
also important to consider timing and rate of initiation, feeding modality, risk of compli-
cations, and possible contraindications. An individual approach and careful assessment
are key in ensuring clinically appropriate and nutritionally complete enteral nutrition.
The following options are available: nasogastric tube, nasojejunal tube, gastrostomy, and
jejunostomy (Table 2) [51].

Table 2. Enteral nutrition modalities and their characteristics.

Enteral Nutrition Method

Term Advantages Disadvantages

Nasogastric tube

Discomfort; potential displacement; risk

Short term Simple placement; cheap of aspiration

Nasojejunal tube

Can be used in patients with
Short term impaired gastric motility; reduced
aspiration risk; cheap

Discomfort; potential displacement; require
skilled specialist; no bolus feeding

Gastrostomy

Can be used for a prolonged time: Needs sedation; invasive technique;
PEG Long term minimall invasiVE techr\gi e ’ potential displacement; stoma

Y q complications; tumor seeding
Can be used for a prolonged time; . . -
.. . . H Invasive techmque; stoma comphcatlons;

RIG Long term minimally invasive technique; no 1

sedation needed potential displacement due to smaller tubes
sureical Lone term Can be used for a prolonged time; ~ Requires surgery under general anesthesia;

& 8 no tube displacement stoma complications
. Can be used for a prolonged time; By-passes the stomach; continuous slow

Jejunostomy Long term P & P

no risk of aspiration; less discomfort  rate of feeding; potential bowel obstruction

Abbreviations: PEG—percutaneous endoscopic gastrostomy; RIG—radiologically inserted gastrostomy.

3.1. Nasogastric Tube

A nasogastric tube (NGT) is a plastic catheter inserted through the nose, passing the
oropharynx and esophagus to the stomach [52]. It is the most commonly used type of
enteral nutrition (EN) in HNC patients with a functional gastrointestinal tract if the tumor
is obstructive, thereby impacting swallow function [53]. Generally, NGTs are used for
a shorter period (<4 weeks) and can be administered perioperatively (prophylactic) or
postoperatively (reactive) [54].

Prophylactic enteral feeding is used when nutrition support is anticipated for an
extended time after more invasive surgical procedures and in severely malnourished
patients. The National Comprehensive Cancer Network (NCCN) published indications for
prophylactic tube placement, summarized in Table 1 [55].

Nutritional status seems to be maintained or enhanced with tube implantation, ac-
cording to Langius et al.’s systematic study, which found that prophylactic tube feeding
increases nutritional intake and nutritional status compared to oral consumption alone [56].

If oral intake is not possible after 4-6 weeks, percutaneous endoscopic gastrostomy
(PEG) is indicated [54]. The literature showed similar nutritional and clinical outcomes
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in patients with NGTs and PEGs. However, complications such as increased tube dis-
lodgement and chest infection were noticed after a long period in patients with NGTs.
Additionally, compared to patients with gastrostomies, patients with nasogastric tubes
reported greater body image problems, difficulty with feeding, and considerable social
activity interruption [57,58].

Still, NGTs remain a routine modality of enteral nutrition because there are no notable
differences in overall complication rates. They are easily placed, significantly less expensive,
and the transition from enteral nutrition back to oral nutrition is shorter than PEG tubes [59].

3.2. Nasojejunal Tube

Oroenteric or nasoenteric feeding tubes are intended for enteral nutrition into small
intestine regions, meaning the duodenum and jejunum. Application of nutrients in the
small intestine is indicated for short-term feeding in patients that have impaired gastric
motility since they are at risk for gastric emptying delay, reflux, and aspiration. It is also
instructed to avoid gastric feeding in patients with severe acute pancreatitis and promote
enteral nutrition [60].

Enteric feeding tubes can be placed blindly at the bedside without the use of any
technology. When placing the tube, the distal end must surpass the duodenojejunal flexure,
otherwise, it can inevitably retract back to the stomach. Nasojejunal feeding tubes can
be of various sizes. Usually, they are small-bore with flexible tips that are intended to
ensure spontaneous passage into the small intestine and protect from injury of mucosa or
perforation. The tubes are also provided with stylets or guide wires providing structure for
easier placement [61,62]. Studies suggest that blinded positioning of a small-bore feeding
tube by a well-trained and experienced clinician has a success rate of 80% or more [63].

Possible complications of the application of nasojejunal tube and nasojejunal tube
feeding are epistaxis, sinusitis, oesophageal ulceration or strictures, blockage, malposition
or injury, and perforation of the gastrointestinal (GI) tract. Malposition implies placing
the tube outside the GI tract. Placing it in the bronchopulmonary tree can cause infection,
effusion, or empyema [51,63—66]. As a rare occurrence, but a very severe complication, it can
malposition intracranially. To reduce the risk of malposition or injury, tubes can be placed
using endoscopy or fluoroscopy, or magnetic guidance. Several studies show that using
technology for placement increases success rates by 90% [66-69]. In addition, it is important
to verify the proper position of the tube after placement using an abdominal X-ray.

There are indications that jejunal feeding may assist in the increased delivery of
nutrients since there are fewer interruptions compared to gastric feeding, which is often
interrupted by the application of medication and lavage [70,71]. It is propounded that
post-pyloric tubes are more comfortable for patients than gastric tubes, so they are a good
alternative for patients that show discomfort with NGT, decreasing removal of the tube by
the patients [72]. Preferred modality of post-pyloric feeding should be continuous to avoid
discomfort and dumping syndrome that occurs with bolus feeding. However, for HNC
patients, a NGT is still the preferred option over the nasojejunal tubes, and the latter are
usually only reserved for patients who have impaired gastric motility.

3.3. Percutaneous Endoscopic Gastrostomy

Percutaneous endoscopic gastrostomy (PEG) is nowadays considered the “golden
standard” for feeding and nutrition support in oral/maxillofacial surgery patients under-
going extensive surgery treatments. PEG tube placement is a well-accepted and frequently
conducted procedure worldwide that has replaced surgical and radiological gastrostomy
techniques [73]. Morbidity linked with PEG can vary from 5 to 10.3%, of which 3% are
major adverse events [74].

The main indication for PEG in oral and maxillofacial patients is providing oral intake
and meeting metabolic requirements due to the closeness of the cancer and organs that
are in charge of normal food intake [6,75]. It is important to highlight that patients with
maxillofacial region tumors are usually excessive smokers and/or alcohol consumers,
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with inadequate eating habits prior to diagnosis or treatment [76]. This group of patients
often faces postoperative swallowing disorders, changed anatomy of the oral cavity due to
surgery, impaired function of the tongue, dysphagia, odynophagia, dysgeusia, xerostomia,
and nausea [6]. Malnutrition and weight loss are connected with poorer treatment outcomes,
poor quality of life, and consequently elevated rates of morbidity and mortality [77].

The PEG can be permanent or temporary depending on the patient’s requirements.
Since the nasoenteric tubes are usually used in patients with preserved airway reflexes
who require enteral feeding for less than 30 days, PEG is currently the method of choice
for medium to long-term enteral feeding [36]. It is important to emphasize the fact that
preventively placed PEG tubes resulted in lower complication rates in comparison to
therapeutically inserted PEGs [78].

Regarding the insertion techniques, there are three most commonly used methods:
the “pull”, “push” (guide wire), and introducer (Russel) methods. All of them have the
same concept of insertion through the abdominal wall at the spot where the abdominal
wall and stomach are the closest. According to several studies, the success rate of PEG
is 84-96% [79,80]. Since it could be unable to perform oral percutaneous gastrostomy
for 4-7% of head and neck cancer patients, transnasal endoscopy is a method of choice.
Oropharyngeal obstruction, severe trismus, or airway endangerment are the main causes
of the transnasal approach.

Nasoenteric tubes contribute to a higher number of complications such as irritation,
nasal decubitus, patient discomfort, ulceration, bleeding, esophageal reflux, and aspiration
pneumonia [81]. They are also connected to poorer acceptance and psychological or
social problems. Interestingly, compared to PEG, nasoenteric tubes have a lower feeding
efficacy [82]. There is some strong evidence in the literature that the initiation of PEG
feeding, as soon as the medical indication has been set up, can prevent further weight loss
and contribute to patients” quality of life.

The most common contraindications for the PEG placement are systemic, such as
coagulation disorders, hemodynamic instability, or sepsis; disturbances at the site of
placement in the abdomen, such as abdominal wall infection, ascites, peritonitis; and
peritoneal carcinomatosis; and interposed organs such as the colon or liver [75,83].

The PEG tube insertion process is commonly considered harmless; however, some
complications can take place. The mortality rate is expectedly higher in patients with
underlying comorbidities [84]. Minor complications consist of wound infection, which
is, according to the literature, somewhere between 5% and 25%. Since this probably oc-
curs due to contamination by oral flora, antibiotic prophylaxis is recommended [85,86].
Granuloma formation is the next most common complication and is due to friction and
excess moisture around the tube [87]. Moreover, some of the other possible minor com-
plications are tube leakage into the abdominal cavity and consequent development of
peritonitis; stoma leakage; tube obstruction; pneumoperitoneum; gastric outlet obstruction,
and peritonitis [84,88].

Major complications are aspiration pneumonia; however, that is more often in neuro-
logic patients due to feeding a large amount of content and being in the prone position than
in OMEFS patients; hemorrhage (retroperitoneal bleeding due to injuries of the gastric artery,
splenic and mesenteric veins, and rectus sheath hematoma); necrotizing fasciitis, which
is a potentially lethal complication; buried bumper syndrome (characterized by excessive
tension amid internal and external bumpers that cause ischemia and necrosis of the gastric
wall and consequently, the tube moves toward the abdominal wall), and perforation of the
bowel [75,88-90].

Furthermore, it is important to highlight an interesting and unusual complication of
PEG placement in HNC patients: the seeding of the tumor. It was observed that the seeding
occurs during the “pull” or “push” method of PEG insertion when the tube collides with
the tumor, directly transferring tumor cells [91]. Unfortunately, diagnosis is set when the
tumor metastasis is large and visible. However, questions regarding this complication
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are still emerging and some studies imply that the hematogenous or lymphatic spread is
actually responsible for the metastasis [92].

3.4. Radiologically Inserted Gastrostomy

Endoscopically placed percutaneous gastrostomy was very soon followed by the
development of radiological techniques for fluoroscopic percutaneous placement [93].
Radiologically inserted gastrostomy implies a procedure where gastrostomy is inserted
directly into the stomach under X-ray guidance. Indications and complications are similar
to PEG, with the only difference being in the performed technique.

A preliminary CT (computed tomography) scan or ultrasound examination can be
performed to rule out an overlapping colon or left hepatic lobe. Sometimes, 100-200 mL
of barium sulfate can be orally administered to patients the night before the procedure to
sketch the colon. On the day of the procedure, air or CO; gas is insufflated in the stomach
via a nasogastric tube to extend the stomach. Afterward, gastric fixation is required and
a gastropexy is conducted, which is followed by a gastric puncture. Gastropexy can
reduce the spilling of the gastric contents around gastrostomy into the peritoneum and
is performed in 93% of cases according to a prospective multicenter survey of the United
Kingdom [94,95]. The position in the stomach is confirmed by aspirating air or injecting
a contrast medium. After the tube placement, contrast is injected to prove the proper
position [96,97].

Minor complications are similar to PEG, except for tube displacement, which happens
in 1% of cases. According to Cherian et al., there are no differences in major complications
between PEG and RIG at 6.8% and 8.5%, respectively [98]. Moreover, a meta-analysis
from Wollman et al. found that the success rate of the tube placement is higher in RIG
compared to PEG, while also major complications occurred less often in RIG [99]. Another
meta-analysis proved that major complications were more frequent in PEG patients (2.19%)
than RIG patients (0.07%), but with no significant statistical difference [100]. Additionally,
RIG can be placed in cases of esophageal /oropharyngeal obstruction and since there is no
gastroscopy involved, there is no need for antibiotic prophylaxis.

3.5. Surgical Gastrostomy

Surgical gastrostomy is nowadays considered a rudimentary technique due to safer
and less invasive characteristics of PEG. However, in certain situations, especially in
HNC patients, surgical gastrostomy is still a viable option. It is conducted for indications
such as when HNC prevents access for gastroscopy, severe strictures of the esophagus or
impossibility to set stomach to adjacent to the abdominal wall due to obesity, previous
surgery, or hepatosplenomegaly [101].

Surgical gastrostomy can be conducted in two ways: with open laparotomy or by
laparoscopy. Laparoscopy is the less invasive and surgically better method due to the
better exposure of the stomach since in open laparotomy the incision is commonly very
small [102]. Nevertheless, the literature has shown that even laparoscopy gastrostomy
placement has significantly more complications compared to PEG [103,104].

3.6. Jejunostomy

The jejunostomy feeding tube is a method of nutrition through access to the jejunum.
It is used when a gastrostomy tube is not technically possible or contraindicated. It can be
administrated endoscopically, radiologically, or by surgery. When placing these feeding
tubes, minimally invasive techniques are always preferred [105].

Jejunostomy, as gastrostomy, is preferred for long-term enteral nutrition greater than
six weeks. Benefits to this technique compared to the NGT and PEG are lessening the risk
of tube malposition, lower risk of aspiration since the gastroesophageal sphincter is not
held open by a tube, no nasal discomfort, and pressure injury of the nares [72].

Despite having some advantages, there are also complications including infections,
nausea, vomiting, diarrhea, abdominal distension, bowel obstruction, and metabolic abnor-
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malities [106,107]. This method of enteral nutrition is not suitable for patients with bowel
obstruction distal to the placement site. Regarding HNC patients, jejunostomy is usually
indicated in those patients that have other conditions that prevent using oral or gastric
nutrition. When feeding jejunely, a continuous and slow rate is advised due to the loss of
the stomach reservoir [51].

4. Parenteral Nutrition

Parenteral nutrition represents an intravenously delivered nutritionally balanced
synthetic mixture of sterile nutrients [108]. It has to be slowly introduced, starting with
15-20 calories per kg of body weight a day with a maximum of 1000 calories a day. As
it is initiated and the caloric levels rise toward the target level, the patient needs to be
monitored because of possible drops in potassium, phosphorous, and magnesium lev-
els [109]. Multiple meta-analyses have shown more infectious complications in patients
using parenteral nutrition, yet estimated caloric requirements can be more easily accom-
plished [110]. Moreover, several studies imply that better outcomes occur when at least
one part of a patient’s nutrition is via the enteral route [6,111,112]. However, when the
intake of food and nutrient absorption becomes almost impossible due to a defective,
unavailable, or ruptured gastrointestinal tract, parenteral nutrition is the best and only
choice [111]. Hence, the main indication of PN is when there is no other way to meet
the required calorie intake. Several other indications are severe catabolic state due to
the severity of the patient’s condition (such as sepsis and polytrauma), gastrointestinal
malformations (congenital in children or after surgery or cancer), severe vomiting, and
diarrhea [113-116]. Moreover, parenteral nutrition can be used in cases of prolonged chyle
leaks that can take place after extensive left neck surgery (the thoracic duct is located
nearby) [117]. This type of nutrition is also recommended for terminal care patients [118].

Parenteral nutrition is contraindicated in patients with a functional gastrointestinal
tract, patients that do not have access to an intravenous line, and in patients that need
therapy for fewer than 5 days if they are not severely malnourished [119]. As soon as
the adequate gastrointestinal function is reached, patients are gradually transitioned from
parenteral to enteral or oral nutrition to avoid biliary sludge and GI mucosal atrophy.
When enteral or oral intake reaches 500 calories a day, parenteral nutrition ought to be
decreased, while when more than 60% of caloric needs are achieved via oral or enteral
intake, parenteral nutrition should be canceled [119]. Parenteral nutrition is rarely applied
to patients with HNC because, in most cases, the lower GI tract is functional. A study
performed by Ryu et al. revealed that total parenteral nutrition was USD 11.81 more
expensive than certain types of enteral nutrition (feeding via NGT) on a daily basis [120].
Research conducted by Scolapio et al. revealed that many patients would prefer the
parenteral type of feeding more than enteral (NGT feeding) if they were unable to eat [118].

When it comes to HNC, patients often deal with morphological malformations, caused
both by malignancy and/or treatment [112]. While severe illness such as cancer causes
metabolic changes and malnutrition, demanding and extensive surgeries impact and
exhaust organism as well [111]. Therefore, intensive follow-up treatment is required in
order to enable the patient to recover as soon and as best as possible. When it comes to
the nutritional deficits of patients after head and neck surgery, the problem that often
occurs is in the upper gastrointestinal area. Some of the surgeries require manipulation
and extensive resection in the intraoral space and that can lead to several complications.
As previously mentioned, the most common are odynophagia, dysphagia, mucositis,
xerostomia, and edema [6]. These complications can induce malnutrition, in which case it
is of vital importance to adequately approach this problem. When malnutrition occurs for
more than two weeks, there is a risk of developing refeeding syndrome; metabolic changes
followed by hypokalemia, hypomagnesemia, and hypophosphatemia; and life-threatening
conditions such as cardiac and respiratory distress [121]. To avoid this dangerous state,
it is necessary to recognize the nutritional needs of the patient at the time and adjust if
enteral feeding is in any way compromised. For parenteral nutrition, an interdisciplinary
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approach is needed (physicians, nutritionists, and educated staff in the surgical department)
in order to reduce potential complications and give the patient the necessary care [119]. In
the current literature, there are not many studies regarding this subject. Ackerman et al.
evaluated and presented nutrition management for HNC patients, where they discussed
and pointed out that prevention of undernutrition is the key to avoiding poor treatment
outcomes [6]. On the other hand, there are no specific guidelines when it comes to the
nutrition of head and neck cancer patients. While ESPEN brings relevant guidelines on
nutrition covering most of the conditions and diseases, on the other hand, when it comes
to parenteral nutrition in surgery, ESPEN recommends the formula of 25 kcal/kg ideal
body weight [122].

5. Conclusions

HNC patients are, due to the anatomical region involved, a highly sensitive group of
patients regarding their nutritional management. While oral intake is the most superior
way of feeding, that is rarely possible in this particular group. Since they most commonly
have a functional gastrointestinal tract, enteral nutrition should be indicated over the
parenteral possibility. However, according to the relevant literature, it is still debatable
which enteral modality should be administrated. While PEG is starting to be deemed the
“golden standard” for these patients, on the other hand, NGT is still considered a highly
viable choice. Moreover, even though the literature is very scarce regarding the importance
of the pre-surgery preparation and planning of the nutritional route, we believe that it is
an integral part of a faster recovery after surgery. Furthermore, none of the relevant sources
give any recommendations or guidelines for the nutritional management of these patients.
Henceforth, this issue should be given more focus in future studies and an algorithm
should be established for an improvement of nutritional support in this particular group
of patients.
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Abstract: Background: Pancreatic surgery has been associated with important postoperative mor-
bidity, mortality and prolonged length of hospital stay. In pancreatic surgery, the effect of poor
preoperative nutritional status and muscle wasting on postsurgery clinical outcomes still remains
unclear and controversial. Materials and Methods: A total of 103 consecutive patients with histo-
logically proven carcinoma undergoing elective pancreatic surgery from June 2015 through to July
2020 were included and retrospectively studied. A multidimensional nutritional assessment was
performed before elective surgery as required by the local clinical pathway. Clinical and nutritional
data were collected in a medical database at diagnosis and after surgery. Results: In the multivariable
analysis, body mass index (OR 1.25, 95% CI 1.04-1.59, p = 0.039) and weight loss (OR 1.16, 95% CI
1.06-1.29, p = 0.004) were associated with Clavien score I-1I; weight loss (OR 1.13, 95% CI 1.02-1.27,
p = 0.027) affected postsurgery morbidity /mortality, and reduced muscle mass was identified as an
independent, prognostic factor for postsurgery digestive hemorrhages (OR 0.10, 95% CI 0.01 0.72,
p = 0.03) and Clavien score I-1I (OR 7.43, 95% CI 1.53-44.88, p = 0.018). No association was identified
between nutritional status parameters before surgery and length of hospital stay, 30 days reinterven-
tion, 30 days readmission, pancreatic fistula, biliary fistula, Clavien score III-1V, Clavien score V and
delayed gastric emptying. Conclusions: An impaired nutritional status before pancreatic surgery
affects many postoperative outcomes. Assessment of nutritional status should be part of routine
preoperative procedures in order to achieve early and appropriate nutritional support in pancreatic
cancer patients. Further studies are needed to better understand the effect of preoperative nutritional
therapy on short-term clinical outcomes in patients undergoing pancreatic elective surgery.

Keywords: pancreatic surgery; cancer; nutritional status; reduced muscle mass; sarcopenia; BMI;
weight loss; malnutrition

1. Introduction

Despite the large number of efforts to enhance the efficacy of varied therapeutic
opportunities over the past decade, pancreatic tumors are still one of the most deadly
cancers, and five-year survival rates are currently within the range of 6% to 10% [1,2].
Worldwide, exocrine pancreatic cancer is the seventh leading cause of cancer death in
both sexes [3].

Among pancreatic cancer patients, survival rates are much better in those who have
undergone surgery than those who are unresectable [4]. Regrettably, less than 20% of
pancreatic cancer patients will be eligible for resectable surgery [5]. This low resection rate
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is strongly linked to an advanced cancer stage, the location of the tumor, patients” comor-
bidities and an impaired performance status [4]. Indeed, in pancreatic cancer patients, poor
oral nutritional intake, catabolism due to malignancy and reduced intestinal absorption
because of obstruction or exocrine insufficiency can synergically affect nutritional status
and lead to malnutrition and loss of muscle mass [6]. These in turn worsen the patients’
nutritional and performance status and their suitability for surgery.

Pancreatic surgery has been associated with important postoperative morbidity, mor-
tality and prolonged length of hospital stay [7-10], primarily linked to pancreatic anasto-
motic leak [11]. Even though technological advances in surgical techniques and periop-
erative management have greatly improved the mortality rate after pancreatic resection,
postoperative morbidity continues to be a significant critical issue [12-14].

Pancreatic resection has been identified as one of the most complex surgical procedures
as a result of the extended resection, the resulting metabolic stress and the comparatively
high rate of complications. This specific kind of surgery strongly modifies metabolic
activities and nutritional conditions by triggering inflammation, stress hormones and
cytokines. In this specific clinical setting, nutritional status before surgery can also affect
postsurgery clinical outcomes. Indeed, in cancer patients, impaired muscle mass before
pancreatic surgery is associated with worse long-term survival [15-18]. However, the effect
of preoperative poor nutritional status and muscle wasting on postoperative complications,
in-hospital mortality and length of stay still remains unclear and controversial; furthermore,
studies on heterogeneity and risk of bias limit the strength of this conclusion [16-19].
Further research in this area is needed to obtain a definitive answer.

Our retrospective observational study aims to investigate the association between
nutritional status before pancreatic elective surgery and short-term clinical outcomes in
cancer patients.

2. Materials and Methods

This single-center, retrospective study was approved by the local Ethics Committee
(no: 67/2022/0SS/AOUMO), and all living patients provided written informed consent.

Patients with histologically proven carcinoma undergoing elective pancreatic surgery
in University Hospital of Modena from June 2015 through July 2020 were consecutively
included and retrospectively studied. No neoadjuvant chemotherapy was administered
to enrolled patients. Nutritional assessment was performed before elective surgery as
required by local clinical pathway. Oral food intake was assessed by 24 h recall in order
to define energy and protein intake. A 24 h dietary recall (24HR) is a structured interview
that aims to collect detailed informations and knowledges about all foods, beverages and
oral nutritional supplements consumed by patients in the last 24 h. Food models, images
and other visual aids were used to support patients in judging and describing volume
of portions. Energy requirement was defined in line with European Society for Clinical
Nutrition and Metabolism (ESPEN) guidelines on nutrition in cancer patients [20]. Before
surgery, computed tomography (CT) scan was performed in order to stage cancer disease
and define muscle mass. Diagnosis of cancer-related malnutrition (CRM) was detected in
line with Global Leadership Initiative on Malnutrition (GLIM) criteria [21], which include
three phenotypic criteria (unintentional weight loss, reduced body mass index and loss
of muscle mass) and two etiologic criteria (inflammation and reduced energy intake or
absorption). To diagnose malnutrition, at least one phenotypic and one etiologic criterion
must be identified [21]. Phenotypic metrics for staging severity of malnutrition as Stage 1
(moderate) and Stage 2 (severe) were available [21].

Clinical and nutritional data were collected in medical records and the hospital
electronic medical database at diagnosis and after surgery, including the following vari-
ables: age, gender, height, weight, body mass index (BMI), unintentional weight loss %,
American Society of Anesthesiology (ASA) score, kind of surgery, operation time and
vascular resection.
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Postsurgery clinical outcomes (length of hospital stay, morbidity, in-hospital mor-
tality, 30 days reintervention, 30 days readmission, pancreatic fistula, biliary fistula, de-
layed gastric emptying and digestive hemorrhage) were recorded for all patients. The
Clavien score was collected in order to grade adverse events that occur as a result of
surgical procedures.

2.1. Muscle Mass Measurement

The CT scans performed by the patients for pancreatic disease staging were also
used for the evaluation of the body composition, and in particular for the muscle mass
analysis. CT investigations were performed with two pieces of equipment: General Electric
VCT 64 slice CT scanner (Milwaukee) and General Electric Optima 64 slice CT scanner
(Milwaukee). For the reconstructions and the acquisition of the anthropometric parameters,
a GE Healthcare AW Volume Share 7 workstation was used, with software that allows one
to selectively visualize certain tissues, such as that of muscle, by setting threshold values of
density typical of the tissue, and in this case between —29 and +150 Hounsfield units (HU).

Thanks to selective visualization, it was possible to perform a more precise segmenta-
tion of the skeletal muscle tissue at the level of the third lumbar vertebra (L3), in which
both transverse processes were clearly visible. Areas of interest (ROI) were then drawn
using a software tool corresponding to the compartments to be analyzed, within which the
area expressed in cm2 and the average density value were calculated automatically.

Total lumbar muscle area (TLA) (cm?), including paraspinal and abdominal wall
muscles at the L3 level, was calculated by the software after manually tracing an ROI
including the psoas muscles, paraspinal muscles (erector spine, quadratus lumborum,
multifidus) and wall muscles (transversus, internal and external oblique, rectus abdominis).
The skeletal muscle index (SMI) is the parameter obtained from the ratio between the total
area of the lumbar muscles (TLA) and the square of the height (cm?/m?)Figure 1. It is an
index of normalization of skeletal muscle mass with respect to the patient’s height. Reduced
muscle mass was defined using default sex-specific SMI cutoff values: 52.4 cm?/m? for
men and 38.5 cm?/m? for women [22].

Figure 1. Patient with reduced muscle mass (A-E): in (A), axial CT image at the level of L3 as
confirmed by the corresponding reference line in the sagittal (B) and coronal (C) planes. By applying
the threshold —29/+ 150 HU, it is possible to selectively choose the muscle component and draw a
ROl including all the musculature at the level of L3 (TLA). Automatically, it is possible to read the
overall value of the traced area in cm? and the average value of the density.
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2.2. Statistical Analysis

Continuous variables were expressed using mean and standard deviation or me-
dian and interquartile range; binary and categorical data were reported as frequencies
and percentages.

The associations between length of hospital stay and the patients’ characteristics were
assessed using linear regression models, whereas logistic regression models were adopted
to investigate the associations with respect to the other outcome measures. In the first
place, for each outcome, we performed univariable analyses, and then, when appropriate,
a multivariable model was estimated, considering all subjects with nonmissing data. The
covariates included in the multivariable models were selected based on the results obtained
from the univariable analysis and their clinical importance. In particular, for each outcome,
all variables that were statistically associated with that outcome (nominal p-value less
than 0.05) were selected; furthermore, the main clinical variables of this study, such as
the reduced muscle mass indicator, were included. Subsequently, covariates with high
association with respect to other covariates were excluded from the models to avoid issues
of multicollinearity. Regarding propensity scores, they were used to estimate the probability
that a subject has reduced muscle mass, holding other covariates constant. The selection
of covariates for the propensity scores was carried out using the same methods described
above. A multivariable logistic regression model was then estimated by including in the
propensity score model that the variables potentially associated with reduced muscle mass.

Results were reported as the mean difference (MD) or odds ratio (OR) with 95%
confidence intervals (CI). Analyses were carried out using R 4.2.1 statistical software.

3. Results
3.1. Patients” Characteristics

A total of 103 consecutive patients with a confirmed diagnosis of carcinoma and treated
with elective pancreatic surgery in the University Hospital of Modena from June 2015 to
July 2020 were retrospectively selected and included in the study. The main characteristics
of the enrolled patients are summarized in Table 1. The mean age was 68.7 (+11.2)years,
and 59.2% were male. The ASA score was 2 in 61.6% of patients. Pancreatic adenocarcinoma
was the most prevalent (76.6%) cancer diagnosis and Vater papilla adenocarcinoma was the
second most frequent (10.5%) histological diagnosis. Concerning surgery, pancreaticoduo-
denectomy was the most common (61.2%) procedure. A vascular resection was performed
in 21.2% of surgery. Mean operation time was about 430 min.

Regarding nutritional status before surgery, the mean BMI was 24.6 kg/m? (DS + 4.6),
and unintentional weight loss was detected in 70.5% of the population. An unintentional
weight loss higher than 5% was detected in 56.8% of our population. The mean SMI was
43.24 cm?/m? (DS + 13.3), the mean SMI in females was 39.89 cm?/m? (DS = 10.7) and
the mean SMI in males was 48.24 cm?/m? (DS + 9.96). A condition of reduced muscle
mass was observed in 56.3% of patients. A total of 48% of patients showed an energy
oral intake of less than 75% of the daily energy nutritional requirement; differently52% of
patients showed an energy oral intake of more than 75% of the daily energy nutritional
requirement. Cancer-related malnutrition (CRM) was recognized in 75.7% of patients, in
line with GLIM criteria (one phenotypic and one etiologic criterion). Nutritional parameters
are summarized in Table 2.

Regarding postsurgery outcomes, the mean length of hospital stay was 16.2 (+11.8)
days. We observed a prevalence of 73% (number 73) for postsurgery morbidity and 1.9%
(number 2 events) for in-hospital mortality. A Clavien score of I-II was recognized in
53.5% (number 54 events) of patients, and the prevalence of digestive hemorrhage was 10%
(number 10 events).
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Table 1. General characteristics.

Number Percentage Mean +SD
Gender Male 61 59.2
Female 42 40.8
Age Years 68.7 11.2
1 2 2
ASA Score 2 59 59.6
3 38 38.4
adeI;aoIlCal;ec?rtllgma 79 766
Site of Cancer NET 6 29
i 0
Biliary carcinoma 8 8
Pancreaticoduodenectomy 62 61.2
Type of Surgery Distal pancreasectomy 6 5.8
Total pancreasectomy 35 34
Operation Time Minutes 430 107.1
Vascular Resection Performing 21 21.2

Missing values were excluded from calculations. Abbreviations: ASA: American Society of Anesthesiologists;

NET: neuroendocrine tumor; SD: standard deviation.

Table 2. Nutritional parameters before surgery.

Number Percentage Mean +SD
BMI kg/m? 24.6 46
No weight Loss 28 29.5
<5% 13 13.7
Unintentional Weight Loss % = 10% » 2
>10% 32 33.6
>75% 51 52
Oral Intake 75-50% 23 23.5
<50% 24 24.5
Total—cm?/m? 4324 13.34
SMI Female—cm?/m? 39.89 10.76
Male—cm?/m? 48.24 9.96
Reduced Muscle Mass Yes 58 56.3
Diagnosis of Malnutrition (GLIM) Yes 78 75.7

Missing values were excluded from calculations. Abbreviations: BMI: body mass index; SMI: skeletal muscle

index; GLIM: Global Leadership Initiative on Malnutrition.

3.2. Role of Nutritional Status before Surgery

Our analysis was aimed at searching for clinical and nutritional prognostic parameters.
Following adjustment for significantly prognostic covariates at the univariate analysis, a
multivariable analysis was performed, which confirmed weight loss before surgery (OR 1.13,
95% CI1.02-1.27, p = 0.027) and total pancreasectomy (OR 8.91, 95% CI 1.79-70.71, p = 0.016)
as independent prognostic factors in terms of postsurgery morbidity/mortality (Table 3).
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Table 3. Multivariable analysis for the risk of adverse clinical outcomes.

Length of Hospital Stay Morbidity-Mortality Clavien I-II

Category MD (95% CI)  p-Value  OR(95%CI)  p-Value  OR (95% CI)  p-Value
0.27 1.01 1.02
Age (—0.03; 0.56) 0.083 (0.95; 1.08) 0.694 (0.96; 1.08) 0-558
Pancreaticoduodenectomy 1 Reference Reference Reference
. —7.88 0.83 1.33
Distal pancreasectomy 2 (—22.16; 6.41) 0.284 (0.06; 12.54) 0.891 (0.09; 21.98) 0.830
7.08 8.91 1.07
Total pancreasectomy 3 (0.83; 13.34) 0.030 (1.79; 70.71) 0.016 (0.30; 3.83) 0.913
—0.14 1.13 1.25
2
BMI (kg/m?) (-084057) 0702 (0.99; 1.35) 0103 (1.04; 1.59) 0059
L ) . —0.08 1.13 1.16
Unintentional weight loss % (—048; 0.32) 0.705 (1.02;1.27) 0.027 (1.06; 1.29) 0.004
ASA 1-2 Reference Reference Reference
1.13 0.35 0.70
ASA 3 (—5.36;7.62) 0.734 (0.07; 1.57) 0.177 (0.20; 2.43) 0.575
. . . 0.01 1.00 0.99
Operation time (min) (—0.02; 0.04) 0.682 (0.99; 1.01) 0.709 (0.99; 1.00) 0.155
No Reference Reference Reference
Vascular resection
2.61 0.74 1.35
Yes (—4.43;9.65) 0470 (0.14; 4.24) 0.720 (0.32; 6.02) 0685
No Reference Reference Reference
Reduced muscle mass
—2.39 2.28 7.43
Yes  (qoas568) O az1s03) %5 (as3mss 0018

Abbreviations: MD: mean difference; CI: confidence interval; OR: odds ratio; BMI: body mass index; ASA:
American Society of Anesthesiologists; min: minutes.

We also evaluated the prognostic impact of anthropometric measures before surgery.
Following adjustment for significantly prognostic covariates at univariate analysis, a mul-
tivariable analysis was performed, which confirmed a significant and independent inter-
action between BMI (OR 1.25, 95% CI 1.04-1.59, p = 0.039), weight loss (OR 1.16, 95%
CI 1.06-1.29, p = 0.004), reduced muscle mass (OR 7.43, 95% CI 1.53-44.88, p = 0.018)
and Clavien score I-II. Table 3. Overall, no correlation was highlighted between nutri-
tional status parameters before surgery and length of hospital stay, 30 days reintervention,
30 days readmission and pancreatic fistula (Table 3).

To define the association between reduced muscle mass and each outcome when
the outcome’s characteristics did not meet the requirements to estimate the desirable
multivariable model, propensity scores were performed to adjust possible differences
in covariates. Loss of muscle mass before surgery was associated with postsurgery di-
gestive hemorrhage (OR 0.10, 95%CI 0.01 0.72, p = 0.03) (Table 4). No association was
identified between reduced muscle mass before surgery, pancreatic fistula, biliary fis-
tula, delayed gastric emptying, Clavien Score III-V, 30 days reintervention and 30 days
readmission (Table 4).
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Table 4. Multivariable analysis with propensity scores for the risk of adverse clinical outcomes.

OR 95% CI p-Value

Pancreatic Fistula

Reduced muscle mass 1.79 0.35 10.88 0.50
Propensity score 0.28 0.02 2.92 0.30

Biliary Fistula

Reduced muscle mass 0.41 0.01 18.69 0.62

Propensity score 4.51 0.01 5207.77 0.62
Delayed Gastric Emptying

Reduced muscle mass 1.78 0.42 8.49 0.45
Propensity score 1.08 0.10 11.21 0.95

Digestive Hemorrhage

Reduced muscle mass 0.10 0.01 0.72 0.03
Propensity score 101.86 3.07 10,309.36 0.02

Clavien Score III TV

Reduced muscle mass 0.27 0.06 1.08 0.07
Propensity score 10.24 1.11 119.37 0.05
Clavien Score V

Reduced muscle mass 0.55 0.01 27.12 0.74
Propensity score 2.13 0.01 1119.19 0.79

30 days Reintervention

Reduced muscle mass 2.14 0.43 13.45 0.38
Propensity score 214 0.16 31.86 0.57

30 days Readmission

Reduced muscle mass 0.40 0.06 2.75 0.35

Propensity score 1.03 0.05 19.74 0.98

Abbreviations: OR: odds ratio; CI: confidence interval.

4. Discussion

Pancreatic resection has been identified as one of the most complex surgical procedures
as a result of the extended resection, the resulting metabolic stress and the comparatively
high rate of complications. This specific kind of surgery strongly modifies metabolism and
nutritional status by triggering inflammation, stress hormones and cytokines [23].

In order to support proper tissue healing and recovery or maintenance of organ func-
tions after surgery, an effective anabolic response and adequate qualitative and quantitative
nutritional substrates are required. Malnourished patients deplete their nutritional reserves
quickly, which thereby affects their recovery and healing [23]. The development and pro-
gression of CRM can be associated with reduced oral nutritional intake and/or increased
catabolism [24,25]. Recently, malnutrition has been defined through (one phenotypic and
one etiologic criterion) weight loss, low body mass index, muscle wasting, poor energy
intake and increased catabolism, in line with GLIM criteria [21].

In our study, the prevalence of CRM before surgery was very high (75.7%); as sup-
posed by some preliminary publications [26-28], unintentional weight loss, low BMI, loss
of muscle mass and Onodera’s prognostic nutrition index (PNI) have been identified
as possible independent prognostic factors for several adverse clinical outcomes after
pancreatic surgery.

In particular, BMI (OR 1.25, 95% CI 1.04-1.59, p = 0.039) and weight loss (OR 1.16, 95%
CI 1.06-1.29, p = 0.004) were associated with Clavien score I-II, while weight loss before
surgery (OR 1.13, 95% CI 1.02-1.27, p = 0.027) affected postsurgery morbidity /mortality.

Our results also highlight the effect of reduced muscle mass before pancreatic surgery
on postoperative clinical outcomes, since muscle mass before surgery has been identified
as an independent, negative prognostic factor for postsurgery digestive hemorrhages
(OR 0.10, 95% CI 0.01 0.72, p = 0.03) and Clavien score I-II (OR 7.43, 95% CI 1.53-44.88,
p =0.018).
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Many publications improperly define sarcopenia only as a condition of reduced muscle
mass without performing muscle function measurements as required [29-34]. In addition,
different tools are available for the assessment of sarcopenia, and the interpretation of
results across studies is particularly difficult [16,34]. In pancreatic cancer patients, the
impact of preoperative loss of muscle mass on the surgical outcome is still unclear and
controversial [16-19], and available publications show several limitations. In particular,
studies included patients receiving pancreatic surgery for both benign and malignant
diseases, and not all studies used comparable parameters (different methods, tools and/or
cutoffs) to define reduced muscle mass; moreover, a comprehensive nutritional assessment
was not performed [16-19] as required [29,34]. Otherwise, in order to reduce the bias
described above, in our study, all included patients had a histologically proven carcinoma,
and a global assessment of nutritional status was achieved for each patient before elective
pancreatic surgery to diagnose CRM. Furthermore, a quantitative CT analysis of muscle
mass was performed by applying the most widely used cutoff for reduced muscle mass as
parameter to define malnutrition as recommended [17,19-22,34]. Indeed, our study was
carried out in a high-volume institution for pancreatic surgery, and all the main adverse
clinical outcomes after pancreatic surgery were taken into account.

Unfortunately, the retrospective design of this study limits the strength of its con-
clusions, and for this reason, these findings definitely need to be confirmed in a larger
prospective study. Our findings strongly support the relationship between poor nutritional
status before pancreatic surgery and short-term adverse clinical outcomes, since not only
CT-detected reduced muscle mass but also unintentional weight loss and BMI could nega-
tively affect several short-term clinical outcomes in pancreatic surgery. Further research is
needed to better evaluate the effect of severity of malnutrition before surgery on short-term
clinical outcomes.

Although they overlap, sarcopenia, reduced muscle mass and CRM are different
conditions, the term sarcopenia is unfortunately extensively used to define two different
clinical situations: muscle wasting alone and reduced muscle mass associated with an
impaired muscle function [29]. This is a significant source of doubts, confusion and mistakes
in the research field and in many clinical settings.

Some recent studies have investigated the single effect of the depletion of skeletal
muscle mass on short-term clinical outcomes after pancreatic surgery, achieving unclear
and controversial results [15-19]. Our findings greatly highlight the need to take not only
muscle wasting into account, but all the diagnostic parameters for malnutrition as required
by GLIM criteria [21], as part of a nutritional assessment before elective pancreatic surgery.

It should also be remembered that a large number of nutritional assessment tools
and scores are available to properly identify cancer patients with malnutrition in surgical
settings. Nevertheless, it is still unclear which of these tools are the most appropriate and
careful in predicting postoperative adverse outcomes in pancreatic cancer patients [35]. For
a long time, hematological biomarkers of status of visceral proteins and liver function have
also been used as indicators of impaired nutritional status. Nevertheless, the real predictive
efficacy of these biomarkers still remains unclear [36]. Additional research is needed in
this area.

Notably, it is strictly recommended that all cancer patients undergoing pancreatic
surgery should receive an early, comprehensive and multidimensional evaluation of their
nutritional status before elective surgery [23]. Our research supports the advice to as-
sess nutritional status before and after major pancreatic surgery using a validated tool.
A multidimensional and comprehensive nutritional assessment is required in order to
detect early muscle wasting and/or malnutrition, in line with GLIM criteria, which in-
clude three phenotypic criteria (unintentional weight loss, reduced body mass index and
loss of muscle mass) and two etiologic criteria (inflammation and reduced energy intake
or absorption) [21].
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In malnourished patients and in patients at risk of malnutrition, nutritional therapy
should be started prior to major cancer surgery, even if operations must be delayed. A
period from 7 to 14 days can be suitable [37].

In addition, after elective pancreatic surgery, adjuvant chemotherapy is often indicated
to reduce the risk of cancer recurrence. A large number of available publications in this
specific clinical setting have reported an impaired response, a reduced tolerance and worse
survival rates in pancreatic cancer patients with reduced muscle mass [16]. In light of this,
during pancreatic surgery, the early prevention of malnutrition and/or proper perioperative
nutritional therapy for CRM is required in order to improve tolerance to antineoplastic
therapy and clinical outcome.

In this situation, the introduction of a Nutritional Oncology Board (NOB) in daily
practice, aimed at a multidisciplinary assessment of patients and at implementing an
early nutritional therapy from oncological diagnosis onward seems to be the right path to
take [6]. The NOB, sharing common experiences, goals, obstacles and unmet needs, can be
an optimal fertile ground for the birth of collaborative research activities. Indeed, the NOB
aims to enhance a shared pathway of care from both a clinical and an organizational point
of view, and ideally to also improve awareness towards clinical nutrition [6].

5. Conclusions

Our findings highlight that an impaired nutritional status before pancreatic surgery
can strongly affect many short-term postoperative outcomes. CRM is a well-known risk
factor for surgery-related complications. In cancer patients, before and after pancreatic
surgery, proper and appropriate recognition and management of CRM are central clinical
concerns and warrant a specific and multidisciplinary (clinical nutrition, oncology, surgery)
approach to improve clinical outcomes. The measurement of nutritional status supported
by CT analysis of body composition parameters, especially the muscle component, should
be a gold standard for preoperative assessment in order to achieve early and appropriate
nutritional support.

Further studies are needed to better understand the effect of preoperative nutritional
therapy on short-term clinical outcomes in patients undergoing elective pancreatic surgery.
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Abstract: (1) Background: Gastric cancer patients are known to be at a high risk of malnutrition,
sarcopenia, and cachexia, and the latter impairs the patient’s nutritional status during their clinical
course and also treatment response. A clearer identification of nutrition-related critical points
during neoadjuvant treatment for gastric cancer is relevant to managing patient care and predicting
clinical outcomes. The aim of this systematic review was to identify and describe nutrition-related
critical domains associated with clinical outcomes. (2) Methods: We performed a systematic review
(PROSPERO ID:CRD42021266760); (3) Results: This review included 14 studies compiled into three
critical domains: patient-related, clinical-related (disease and treatment), and healthcare-related. Body
composition changes during neoadjuvant chemotherapy (NAC) accounted for the early termination
of chemotherapy and reduced overall survival. Sarcopenia was confirmed to have an independent
prognostic value. The role of nutritional interventions during NAC has not been fully explored.
(4) Conclusions: Understanding critical domain exposures affecting nutritional status will enable
better clinical approaches to optimize care plans. It may also provide an opportunity for the mitigation
of poor nutritional status and sarcopenia and their deleterious clinical consequences.

Keywords: nutritional status; nutrition support; nutrition impact symptoms; sarcopenia; neoadjuvant
chemotherapy; pre-operative; stomach neoplasms

1. Introduction

Gastric cancer is the fifth most commonly diagnosed solid tumor and one of the
leading causes of cancer-related deaths worldwide [1].

Gastric cancer patients are known to be at high risk of malnutrition, sarcopenia, and
cachexia [2]. Often, malnutrition can be observed at diagnosis [2], and weight loss is also
commonly reported at presentation [3]. Evidence has been accumulating to strengthen the
adverse influence of an impaired nutritional status on a patient’s clinical course, treatment
response [4], and quality of life [5].

Neoadjuvant treatment (NT) encompasses the therapeutic approaches in the immedi-
ate period leading to surgery. NT in gastric cancer only includes chemotherapy [6] with the
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intention to reduce tumor size, increase the possibility of a RO resection, attempt to treat
potential micrometastatic disease, and improve overall survival.

ESMO’s (European Society of Medical Oncology) 2022 guideline, which has been
widely adopted in Europe [7], recommends a perioperative chemotherapy regimen with a
combination of platinum/fluoropyrimidine for patients with resectable gastric cancer [8].
Following on from the MAGIC [9] and the FFCD/FNCLCC trials [10], the use of ECF
(epirubicin, cisplatin, and 5-fluorouracil) or CF (cisplatin and 5-FU), respectively, is com-
mon. More recently, the FLOT4-AIO trial showed an increased benefit in the use of the
FLOT (fluorouracil, leucovorin, oxaliplatin, and docetaxel) scheme in the perioperative
setting [9]. This approach of a fluoropyrimidine-platinum doublet or triplet before surgery
is recommended for 2 to 3 months [9]. During neoadjuvancy, most patients are managed at
outpatient clinics; hence, it is crucial that this population be best supported to minimize
adverse symptoms while remaining in the community. Further, and as a consequence,
locally advanced gastric patients have longer care continuums with the prospect of accu-
mulating several nutritional risk exposures along the way, encompassing both disease and
iatrogenic impact.

Nutritional status has been shown to strongly impair chemotherapy (CT) success, post-
operative prognosis, overall and disease-specific survival (DSS), the rate of complications,
and the length of hospital stay.

Thus, a clearer identification and description of nutrition-related critical points through-
out neoadjuvant treatment for gastric cancer might be relevant for improving patient care
and outcomes.

2. Materials and Methods

This systematic review followed the preferred reporting items for systematic reviews
and meta-analyses (PRISMA) reporting guidelines. The protocol has also been registered on
the International Prospective Register of Systematic Reviews (PROSPERO), the University
of York Centre for Reviews and Dissemination PROSPERO, August 2021 (CRD42021266760).
Available from: https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD420
21266760, accessed on 8 August 2021.

2.1. Sources and Searches

The following databases: Pubmed/Medline, US National Library of Medicine’s
PubMed, ISI's Web of Knowledge, Cochrane, and Scopus databases were systematically
searched using the search string (((Gastric OR Stomach) AND (Cancer OR Neoplasm OR
Carcinoma OR Malignancy)) AND (Neoadjuvant OR Pre-operatory) AND (Nutritional
status OR Nutritional intervention OR Nutritional support OR Dietary counseling OR Oral
nutritional supplements)). An example of the search strategy used can be found in File S1
(Supplementary Data).

2.2. Study Selection

Two reviewers (MC and ICM) screened the studies against the review’s predefined
inclusion criteria (Table 1).

The types of studies that were included in this review were randomized clinical trials
(RCTs), surveys, and observational studies such as cohort and case-control studies. All
disagreements were debated until a consensus was reached with the assistance of a third
subsequent reviewer (MC, ICM, and SCI). Fourteen studies were selected for inclusion.

2.3. Data Extraction

Data extraction was performed independently by two reviewers (MC and ICM), using
a standardized data extraction template, and following the PI/ECO format. The extraction
data divergence was resolved by the third independent reviewer (SCI).
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Table 1. Inclusion and exclusion criteria.

Criteria

Inclusion Exclusion

Patients’ characteristics

Human adults aged > 18 years <18 years, pregnant women

Patients hospitalized: wards, care in acute or

intensive or critical or long-term or end of
Medical oncology outpatients life units.

Surgical patients.

Palliative patients.

Disease characteristics

Histologically documented primary gastric
cancer suitable for a neoadjuvant
treatment approach:

- locally advanced gastric cancer,

- newly diagnosed Healthy

- without any prior antitumor treatment,  In situ disease

- potentially resectable disease Other early stages
- clinically diagnosed stage: Metastatic settings

cT2-4/cN-any/cMO or according to
reported ultrasound, endoscopy, or
enhanced CT/MRI scan:

cT any/cN +/cMO.

Nutrition-critical domains:
Patient-related critical points

Outcomes Clinical-related critical points (disease
and treatment)
Healthcare-related critical points
Language English, Portuguese, Spanish, and French
Year 2011-2021 All other years

In cases of uncertainties about the data reported, the trials” authors are contacted in order to obtain more information; if contact is
not possible, a team consensus decision is made about the inclusion or exclusion of studies.

3. Results

This systematic review included 14 studies (Figure 1), two of which (14.3%) were
RCTs and 11 (78.6%) were cohorts, mainly retrospectively assessed; one out of the eleven
included cohorts was assessed prospectively (9.1%). More than half (57.1%) of the included
studies comprised body composition analysis data using CT scans or ultrasounds (42.9%),
followed by nutritional biomarkers or indices (28.6%). Lastly, only three nutrition support
studies (21.4%), comprising an immunonutrition and an ERAS protocol, were eligible.

The selected studies encompassed 1910 eligible patients, with 1360 included. The
population characteristics may be found in the below diagram (Figure 2).

The included study overview and findings can be found summarized in Table 2.

Subsequently, the study findings were compiled into three previously defined critical
domains: patient-related (Table 3), clinical-related (disease and treatment) (Table 4), and
healthcare-related (Table 5). For further definition of the critical domains it was considered
that patient-related critical points would include baseline (admission for cancer care) de-
scriptions of advanced age, comorbidities, presence sarcopenia, and/or frailty including
performance status, nutritional status, body composition, and gastrointestinal or other
nutrition impairing symptoms present before treatment; clinical-related (disease and treat-
ment) would include all of the above but concerning disease characteristics, treatment
induced changes and clinical outcomes; lastly, the healthcare-related domain would include
descriptions of clinical care, institutional and organizational issues, such as nutritional risk
screening, nutrition support, access constraints, among others deemed relevant.
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IDENTIFICATION OF STUDIES VIA DATABASES AND REGISTERS

—
=
9
8 Records identified from*: Records removed before screening:
5 Databases (n = 5) Duplicate records removed (n = 27)
% Registers (n = 151)
o
-
—
Records screened Records excluded™*
(n = 124) (n = 54)
2
c Reports sought for retrieval Reports not retrieved
3 (n=70) (n=0)
=
o
n
l Reports excluded:
Case report (n = 3)
Reports assessed for eligibility Hospice/Palliative case (n = 3)
(n=70) Study protocol (n =7)
Metastatic cancer (n = 3)
Systematic review (n = 7)
Narrative review (n = 3)
Other types of cancer (n = 1)
Others not meeting the inclusion criteria
(n=29)
5 Studies included in review
2 (n=14)

Figure 1. Flow chart of studies’ selection (PRISMA) [11]. * Pubmed /Medline, US National Library of
Medicine’s PubMed, ISI’s Web of Knowledge, Cochrane, and Scopus databases; ** records that were
excluded from analysis.

1910 participants eligible

{

Treatment:

NAC (n = 1360)
NAC +RT (n = 119)
Adjuvant RT (n =7)
Adjuvant CT (n = 236)

Missing values (n = 188)

i

1360 participants included

Figure 2. Population characteristics. Legend: NAC—neoadjuvant chemotherapy; CT—chemotherapy;
RT—radiotherapy.
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3.1. Patient-Related Critical Points
3.1.1. Advanced Age

Age was described as relating to neoadjuvant chemotherapy pathological response and
lower blood counts. It is an independent risk factor that significantly impacts pathological
response in patients older than 60 years old (OR = 1.840, 95% CI 1.016-3.332, p = 0.044) [17].
Additionally, older age was significantly associated with both a lower (p = 0.007) pre-
chemotherapy prognostic nutritional index (PNI) [21] and a high (48.2% vs. 31.9%, p = 0.010)
controlling nutritional status (CONUT) score [19]. Surprisingly, age did not arise as a risk
factor for significant loss of skeletal muscle (p > 0.05) [13].

3.1.2. Sarcopenia (Baseline, Pre-Treatment)

Sarcopenia accounted for adverse effects during treatment, including early termination
of CT and reduced survival, but also a reduced BMI and body surface area (BSA). Sarcopenia
at diagnosis was prevalent in three quarters (73.1%) of patients in the Rinninela et al.
study [18]. Zhang et al. [5] identified sarcopenia before NT as a significant risk factor for
treatment adverse effects during univariate analyses, and, subsequently, by multivariate
logistic regression analyses (OR, 2.901; 95% CI, 1.205-6.983; p = 0.018), it remained an
independent predictor for overall treatment-related adverse effects [5].

Regarding sarcopenic obesity, Palmela et al. [12] showed reduced OS (overall survival)
(median survival 6 months [95% CI = 3.9-8.5] vs. 25 months for patients who were obese
and did not have sarcopenia [95% CI = 20.2-38.2]; log-rank test p = 0.000). In the same study,
sarcopenic obesity (100% vs. 28%; p = 0.004) and sarcopenia (64% vs. 28%; p = 0.069) were
also associated with early termination of chemotherapy, with none of these patients capable
of completing treatment plans. As such, the odds ratio of treatment termination was higher
in patients with sarcopenia compared with patients without it (OR = 4.23; p = 0.050). When
the authors analyzed muscle radiation attenuation, they also found the same outcomes
(higher mean vs. lower, OR = 0.20; p = 0.040) [12]. Tan et al. [14] showed a median OS
for sarcopenic patients of 569 days (IQ range: 357-1230 days) and for patients who were
not sarcopenic of 1013 days (IQ range: 496-1318 days) (log-rank test, p = 0.04). However,
they found no significant difference in overall survival in patients who experienced DLT
compared with those that did not (810 days [IQ range: 323-1417] vs. 859 days [IQ range:
445-1269]; p = 0.665).

Looking at dose-limiting toxicity (DLT), only sarcopenia (multivariate analysis) was
independently associated with DLT (odds ratio, 2.95; 95% confidence interval, 1.23-7.09;
p = 0.015) [14]. On the contrary, Palmela et al. [12] found a non-significant trend for a
DLT in patients with sarcopenia (64% vs. 39%; p = 0.181) and sarcopenic obesity (80% vs.
42%; p = 0.165), but no corresponding significant association with subsequent treatment
response [12]. On multivariate analysis, the odds of treatment termination were higher in
patients with sarcopenia (odds ratio = 4.23; p = 0.050).

Sarcopenic patients also seemed to have a lower BMI and BSA when compared with
those who did not have sarcopenia [22].

Only one study assessed loss of skeletal muscle related to gender or comorbidities,
such as type 1 diabetes, but did not find any significant association [13].

3.1.3. BMI (Baseline, Pre-Treatment)

Baseline BMI (pre-NAC) is associated with adverse effects during treatments and over-
all survival (OS). Two studies showed that both underweight and overweight at baseline
BMI seem significantly associated with OS and a significant risk factor for adverse effects
(pre-treatment BMI < 18.5 kg/m? univariate analysis: HR = 2.015; p = 0.002; multivariate
analysis: HR =1.456; p = 0.163) [19] and a BMI of 25 1<g/m2 (p = 0.04) [5]. Zhou et al. [16]
indicated that a lower BMI in this setting was also significantly associated with low skeletal
muscle mass (p < 0.001) and higher nutritional risk scores, NRS 2002 (p < 0.001). A study
by Rinninela et al. also showed a decrease in the mean of the BMI with FLOT (from
24.4 kg/m? 4+ 3.7 to 22.6 kg/m? + 3.1; p < 0.0001) [18].
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3.1.4. Body Composition (Baseline, Pre-Treatment)

In the studies included, several associations were described between different body
compositions and OS, but not all were significant. Patients with low skeletal muscle or, both,
low skeletal and adipose mass had progressively shorter OS than patients with normal
body composition parameters (3 year OS rates were 44.4% and 76.3%, respectively, for low
skeletal muscle and adipose mass patients or for low skeletal muscle mass only vs. 88.2%
for normal body composition parameters, p < 0.001). Low skeletal muscle mass (HR: 1.7;
95% CI: 1.2-3.7; p < 0.001) and low skeletal muscle and adipose mass (HR: 3.5; 95% CI:
1.5-15.2; p = 0.002) were independent prognostic factors of 3 year OS, namely after radical
gastrectomy [16]. Other studies verified that, before NAT, the group with low visceral
adipose tissue (VAT), defined as <120 cm?, had significantly shorter OS (p = 0.033), as did
the group with low (<99.5 cm?) subcutaneous adipose tissue (SAT), after NAT (p = 0.032).
In multivariate Cox regression analyses, low VAT before NAT (HR, 2542; 95% CI, p = 0.027)
and low SAT after NAT (HR, 2.743; 95% CI, 1.248-6.027; p = 0.012) were significantly
associated with low OS [5]. Moreover, patients with a marked loss of VAT (>35.7%) during
NAT had significantly shorter OS (p = 0.028) compared to those with no or minor (<35.7%)
VAT losses. In this study, during NAT, marked loss of adiposity (as per VAT or SAT) was
considered a risk factor for long-term survival. Marked (>35.7%) VAT loss accompanied by
marked SAT loss (high-risk group = NRS > 3) independently predicted shorter OS (hazards
ratio = 2.447; 95% confidence interval = 1.022-5.861; p = 0.045) [5]. However, Jin et al. [19]
found no prognostic significance between the moderate or severe malnutrition group and
the normal or light malnutrition group for OS at different times (pretreatment: p = 0.482;
preoperative: p = 0.446; postoperative: p = 0.464, Kaplan-Meier with log-rank test).

There were no significant associations between different body compositions and pro-
gression free survival (PFS) or postoperative complications. Zhou et al. [16] found no
significant differences in postoperative complications within 30 days among the different
body composition groups, and Yamaoka et al. [13] found no association between postoper-
ative complications and significant loss of skeletal muscle.

Different body compositions are related to disease-free survival (DES). In the
Zhang et al. [5] study, patients with low VAT before NT (<120 cm?) had significantly
poor DFS (p = 0.022), similar to those with low VAT after NT (<106 cm?; p = 0.025). Multi-
variate analyses of DFS identified low VAT before NT (<120 cm?; HR, 2.50; 95% CI, 1.22;
p = 0.012) and low VAT after NT (<106 cm?; HR, 2.51; 95% CI, 1.1725358; p =0.018) as
independent predictors for shorter DES [5]. Moreover, patients with a marked loss of VAT
(>85.7%) during NT had significantly shorter DFS (p = 0.03). Simultaneously, marked VAT
loss with marked SAT loss (the high-risk group) was an independent predictor for shorter
DFS (hazards ratio = 2.67; 95% confidence interval = 1.182-6.047; p = 0.018) [15].

In most studies, there was no significant relation between body composition and
tumor pathological response, except for Rinninela et al., where a decrease higher than
5% in SMI was associated with a higher Mandard tumor regression grade [5,18], whereas
Jiang et al. reported that weight loss significantly influences the pathological response
to treatment [17].

3.1.5. Nutritional Markers and Indices

Regarding nutritional markers, patients with low skeletal muscle and adipose mass
had a higher incidence of hypoalbuminemia (p < 0.001), lower prealbumin (p < 0.001), and
lower IGF-1 levels (p = 0.031). Despite this, there were no significant differences in the
preoperative concentrations of retinol-binding protein and transferrin [16]. Zhang et al. [15]
found correlations between a marked loss of VAT and lower albumin levels (p < 0.05).

Associations between nutritional indices and OS are not consistent. Jin et al. [19]
confirm that a high pre-treatment CONUT score (HR, 1.618; 95% CI, 1.111-2.356; p = 0.012)
was independently associated with worse OS. According to Li et al. [20], PNI, albumin, and
modified systemic inflammation score (mSIS) showed no significant difference after NT,
and none of the pre-NT markers were independent prognostic factors for OS. However, OS
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was better in the pre-chemotherapy PNI-high group (3 year survival rate: 66.0% vs. 43.5%;
5 year survival rate: 55.5% vs. 25.6%, HR = 2.237, 95% CI = 1.271-3.393, p = 0.005), but
there were no significant differences in OS between the post-chemotherapy groups (3 year
survival rate: 61.5% vs. 61.9%; 5 year survival rate: 49.8% vs. 49.0%, p = 0.775) [21].

A high pre-treatment CONUT score (HR, 1.615; 95% CI, 1.112-2.347; p = 0.012) was
independently associated with worse PFS [21].

Anemia and lymphocytopenia were significantly associated with a lower pre-chemotherapy
PNI (p < 0.05) [21]. In the Sun et al. [21] study, pre-chemotherapy PNI was an independent
prognostic factor (HR = 1.963, 95% CI = 1.101-3.499, p = 0.022), but no association was found

between PNI and surgical complications (p = 0.157).

Table 3. Patient-related critical points: summary and findings.

Tumor Type, Setting,

Study and Country Study Design and Sample Size Study Description Outcomes
. . . Weight loss was independent risk factor
Jiang et al. [17] Gas‘frlc adenocarcinoma; Body‘welgh’F rec'orded at influencing NAC pathological responses:
China cohort ) Radical surgery two-time points: ) 22.95% of body weight loss durin.
2001 (retrospective) after NAC; evaluated before and after 7070 y welg uring
n=203. NAC (before the surgery) NAC worsens CT response
Serum albumin, total
lymphocyte count, No change in the Moderate /severe MN
CONUT score. status during NAT
. . . Blood samples: Moderate/severe MN status increased
Jinetal. [19] Gastric adenocarcinoma; s .
China cohort ) NAC; - within 2 wg!a‘lfs postoperatively o o
2021 (retrospective) n=272 be_f01_'e the initial CT;  MN group: worse association with high
- within 1 week pre-treatment CONUT score
before surgery; Older age associates with a high
- at least 7 days after ~ CONUT score
surgery (discharge)
Pre-NAC PNI not associated with surgical
Markers for the PNI score: complications.
serum albumin, total Anemia and lymphocytopenia associates
ccs lymphocyte count. with lower pre-NAC PNL
Sun et al. [21] i’ . Blood samples Pre-NAC PNI is an independent
China cohort . Prepperatlve CTand - 1 week before NAC rognostic factor.
(retrospective) radical surgery; s prog - .
2016 n=117 - within 1 week Higher survival for PNI-high
! before surgery. pre-NAC patients.
Patients PNI-high (>45) No differences in survival for
and PNI-low (<45). post-CTgroups.
Low pre-CT PNI associates with older age.
Primary GC; Loss of skeletal muscle was not associated
Open total gastrectomy CT Scan with postoperative complications.
Yamaoka et al. [13] cohort with roux-en-y; - preoperatively; NAC was an independent risk factor for
Japan " five) n =102 (none or - postoperatively loss of skeletal muscle.
2014 (retrospective adjuvant CT < 6 months) (1 year); SMI decreased with NAC.
n= 38 (adjuvant Loss of skeletal muscle was not associated
CT > 6 months). with sex, age, diabetes.
Low VAT before NAC and low SAT after
GC NAC was associated with low OS.
Laparoscopic radical Low VAT before and after NAC
gastrectomy with D2 Skeletal muscle, VAT independent predictors for shorter DFS.
Zhang et al. [15] lymph node dissection and SAT: Sarcopenia before NAC predicted
China cohort ) follqwed by roux-en-y - Evaluated before adverse effect's.' ]
2021 (retrospective) or billroth I‘ and after NAC Body composition ayd ?L}mor patholqglcal
reconstruction. NAC or (before the surgery). ~ response were not significantly associated.
CT (SOX, XELOX or Higher BMI after NAC was associated
FOLFOX); with postoperative complications.
n=110. Higher VAT was associated with higher

incidence of postoperative complications
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Table 3. Cont.

Tumor Type, Setting,

Study and Country Study Design and Sample Size Study Description Outcomes
Lumbar CTScan
Rinninell a 1e tal. [18] cohort S{;stcrlc adenocarcinoma;  SMI and adipose indices: Almost % of patients were sarcopenic
22;12)1/ (retrospective) 2 é - Before FLOT at diagnosis
- After FLOT
Advanced GC CTScan Marked loss of VAT, marked loss of SAT
(including Skeletal muscle, VAT and  predicted shorter OS and DFS.
Zhané}?‘t al. [15] cohort gast:f)esophageal SAT measure: Skeletal muscle mass loss did not correlate
2012ria (retrospective) ]I?;dciclgln ;’,astrectomy and - Before NAT well with nutritional status. )
NAC or CT. - After NAT Marked loss of VAT and lower albumin
levels not related.
n=157.
Locally advanced Higher percentage of DLT in
adenocarcinoma from CTScan sarcopenic/sarcopenic obese patients
Palmela et al. cohort the stomach or - cancer diagnosis; (non-significant trend).
Portugal (retrospective) gastroesophageal - completion of NAC Survival reduction in sarcopenic
2017 P junction; (n =43) obese patients.
NAC; Sarcopenic patients was associated with
n=48. early CT termination (non-significant).
BCS2 group progressively shorter OS
Definition of NAT was not the 3y OS independent
gender-specific skeletal prognostic factor after radical gastrectomy.
muscle/adipose BCS2 group associated with lower BMI
Zho‘é;t. al. [16] cohort gcd. 1 . cut-off values: and higher NRS2002 score.
zog(l)a (retrospective) aﬁ ical gastrectomy; BCS0 (normal) Body composition does not affect
n=187. e
BCS1 (low skeletal post-surgery complications.
muscle only) BCS2 group worse preoperative markers
BCS2 (both low) (hypoalbuminemia, lower prealbumin
and IGF-1 levels).
Median OS for sarcopenic patients was
Combination of CTScan, lower than for not sarcopenic patients.
Oesophagogastric endoscopic ultrasound No significant difference in OS in patients
Tan et al. [14] cohort cancel:;' 808 (EUS) and laparoscopy. who experienced DLT compared with
UK . .’ Pre-treatment serum those that did not.
2015 (retrospective) I:‘/jgé albumin levels, Sarcopenic patients had lower BMI

neutrophil-lymphocyte
ratio, weight, height.

and BSA.
BMI, BSA and sarcopenia were associated
with DLT.

Legend: NAC—neoadjuvant chemotherapy; LA—locally advanced; GC—gastric cancer; GE]—gastroesophageal
junction; DLT—dose-limiting toxicity; NAT—neoadjuvant treatment; CT—chemotherapy; VAT—visceral adipose
tissue; SAT—subcutaneous adipose tissue; DFS—Disease free survival; MN—malnutrition; BMI—body mass
index; PRNS—prognostic-related nutritional score; mSIS—modified systemic inflammation score; CT Scan—
computed tomography scan; FLOT—fluorouracil plus leucovorin, oxaliplatin, and docetaxel; PGSGA—patient-
generated subjected global assessment; ONS—oral nutritional supplements; CONUT—controlling nutritional
status; PA—prealbumin; SMI—skeletal muscle index.

3.2. Clinical-Related Critical Points (Disease and Treatment)

The independent prognostic factor for 3-year OS after radical gastrectomy was tumor
stage IIT (HR: 4.1; 95% CI: 2.1-17.8; p < 0.001) [16]. According to Jiang et al. [17], the inde-
pendent risk factors influencing the effect of neoadjuvant chemotherapy were histological
types. In the same study, clinical T stage and histological type of biopsy significantly
influenced pathological response to the treatment [17].

The pathological stage was not associated with a significant loss of skeletal muscle [13].
However, Jiang et al. [17] described that those patients that did not lose weight had a
better, although not significant, trend for pathological response than patients suffering from
weight loss (66.4% vs. 53.3%, p = 0.059). Likewise, Rinninela et al. described a change in
body composition (a decrease in SMI of >5%) and a lack of tumor-regressive changes [18].
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Deep tumor invasion (p = 0.025) and a lower pathological complete response rate (1.2%

vs. 6.6%, p = 0.107) were significantly associated with a higher CONUT-score [19], while
Li et al. [20] found no significant difference in PNI, albumin, or mSIS after NAC.

Table 4. Clinical (disease and treatment)-related critical points: summary and findings.

Tumor Type, Setting, and

Study and Country Study Design Sample Size Study Description Outcomes
Body composition does not affect
Gender-specific skeletal post-surgery complications.
muscle/adipose BCS2 group worse preoperative
Zhou et al. [16] cohort G; cut-off values: markers (hypoalbuminemia, lower
China . Radical gastrectomy; BCS0 (normal) prealbumin and IGF-1).
2020 (retrospective) n=187. BCS1 (low skeletal BCS2 group progressively shorter OS.
muscle only) NAT was not the 3y OS independent
BCS2 (both low) prognostic factor after
radical gastrectomy.
SMI decreased with NAC
. independent risk factor for loss of
Total gastrectomy with CT Scan: (skeletpal muscle).
Yamaoka et al. [13] cohort Zozi(fzn(z;ne or adjuvant preoperatiYely; Loss gf sl((jele?:}l1 mu;clle was 1not
Japan (retrospective) CT < 6 months) - postoperatlvely associate ! with pathological stage,
2014 n=38 (adjuvant (1 year); preoperative SMI and ATI.
CT > 6 months) Loss of skeletal muscle was not
: associated with
postoperative complications.
Nutritional markers
: : : . serum albumin,
Li eCt;l - [20] cohort gas':nc ?denoca;cll\r;g?a, %ML PNI): No significant differences in PNI,
2012r(1)a (Prospective) n iszr2e5c omy an R pre-NAC Alb, and mSISo after NAT.
- post-NAC
Sarcopenia before NAT is a
significant and independent
predictor for overall treatment AEs;
Higher BMI after NAT was
cc significantly correlated with
L ic radical postoperative complications;
Aparoscopic radica Skeletal muscle, VAT High VAT was significantly
Zhang et al. [15] ﬁzzt;e;it:;:cyt,igf lymph and SAT; associated with higher incidence of
China- cohort Neoadjuvant CT or CT Scan: postoperative complications;
2021 (retrospective) CT-radiotherapy - before NAT Low VAT before NAT and low SAT
- after NAT after NAT was significantly
(SOX, XELOX or . .
FOLFOX); associated with low OS;
=110 Low VAT before and after NAT were
independent predictors for
shorter DFS;
No significant association between
body composition and tumor
pathological response.
BMI, SMI, and VAI variations were
not associated with short outcomes:
- toxicity
- delay and completion of
Lumbar CTScan perioperative FLOT
Rinninela et al. [18] cohort Gastric adenocarcinoma; SMI and adipose indices: - RECIST, response
Italy (retrospective) NAC; - Before FLOT - the execution of gastrectomy;
2021 n=26 - After FLOT A decrease in SMI > 5% was

associated with a higher Mandard
tumor-regression grade
Preoperative FLOT was associated
with a reduction in SMI, BMI,

and VAI
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Table 4. Cont.

Tumor Type, Setting, and

Study and Country Study Design Sample Size Study Description Outcomes
Serum albumin, total S{?\IChtart\ge (iin the rrll?g;rate/ severe
lymphocyte count, status during :
(}Z,O£UT Zcore. Moderate/ severe MN status
Blood samples: mcreasec% ppstoperatlvely.
Jinetal. [19] Gastric adenocarcinoma; ithin 2 k No association between
. cohort ’ - within weexs CONUT-score and postoperative
China . NAC; before the initial CT; s g
2021 (retrospective) —om O complication.
"= - within1 week CONUT-high score associates:
before surgery; invasion and lower pathological
: atleast7 djays after complete response rate.
surgery (discharge)  por PES and OS: no prognostic
significance between MN groups.
Weight loss was independent risk
. factor influencing NAC
Body weight recorded at pathological responses:
. . . two-time points: X
Jiang et al. [17] cohort Gastric adenocarcinoma; - >2.95% of body weight loss
China (retrospective) Radical surgery after NAC;  ~ before; during NAC worsens
2021 P n =203 after NAC (before chemotherapy response
the surgery) - maintaining weight trends

(non-significant) better
pathological response

Legend: NAC—neoadjuvant chemotherapy; NAT—neoadjuvant treatment; CT—chemotherapy; GC—gastric
cancer; AEs—adverse events; VAT—visceral adipose tissue; SAT—subcutaneous adipose tissue; SMI—skeletal
muscle index; OS—overall survival; PFS—progression free survival; MN—malnutrition; BMI—body mass
index; CTScan—computed tomography scan; CONUT—controlling nutritional status; PRNS—prognostic-related
nutritional score; PA—prealbumin; RECIST—response evaluation criteria in solid tumors; FLOT—fluorouracil
plus leucovorin, oxaliplatin, and docetaxel.

3.3. Healthcare-Related Critical Points

It is known that the identification of nutritional risk by assessment tools and higher
scores achieved by PG-SGA are more associated with postsurgical complications, such
as anastomotic leakage and intra-abdominal infection [24]. Zhao et al. [22] found that
the trial group had a higher BMI than the control group (p < 0.005), and on the eighth
day after surgery, the rate of malnutrition according to the PG-SGA and nutritional risk
according to the NRS-2002 became lower in the trial group (p < 0.05). This group had a faster
gastrointestinal recovery, a shorter-term use of drainage tubes, a shorter hospital length of
stay, fewer complications (p < 0.05), and higher concentrations of serum prealbumin, total
proteins, and albumin (p < 0.05) [22].

Regarding nutritional support, the group using immunonutrition intervention had
fewer infectious complications when compared with the conventional intervention group,
but the differences were not statistically significant (41.1% vs. 48.1%; p = 0.413). Although
the immunonutrition group had a lower percentage of patients who were readmitted for
surgical complications than the conventional group, this difference was also not significant.
Claudino et al. found no significant difference in survival rates at 6 months (92.6% versus
85.0%; p = 0.154), 1 year (87.0% versus 78.5%; p = 0.153), and 5 years (69.6% versus 58.3%;
p = 0.137). Nevertheless, the immunonutrition patient group showed a trend for longer
survival when compared with the conventional nutritional group [23].

Patients without weight loss had a higher rate of oral nutritional supplements than patients
with weight loss during neoadjuvant chemotherapy (82.3% vs. 70%, x? = 4.261, p = 0.039) [17].
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Table 5. Healthcare-related critical points: summary and findings.

Tumor Type, Setting, and

Study and Country Study Design Sample Size Study Description Outcomes
Control group: routine Higher BMI, serum PA, TP and ALB in
535 k]zal /kg/day) and trial group and a faster gastrointestinal
Adenocarcinoma of the research group: 500 mL of recovery, shorter term use of drainage
Zhao et al. [22] . L . Ly tubes, shorter hospital stay and
. Randomized esophagogastric junction; EN suspension L
China L . . s less complications.
clinical trial NAC and radiotherapy; Data collected 48 h within .
2018 X ST Preoperative EN and ALB were
n=66 the first hospitalization,

the first day after NT and
the first and eighth day
after surgery

independent risk factors for PRNS.
Lower NRS2002 and PGSGA in the
trial group

Claudino et al. [23]

Stomach cancer;
Patients who did or did

The patients were divided
into 2 groups: the
immunonutrition group
(received
immune-modulatory diet
oral or enteral, polymeric,
hyperproteic diet,

- immunonutrition group had less

infectious complications compared
with the conventional group, and
had a lower percentage of patients
who were readmitted for surgical
complications than the
conventional group, although

Brazil cohort not undergo NAC and enriched with arginine, diff t significant;
(retrospective) who did undergo subtotal & g ctterences were not signiticant;
2019 . omega-3 fatty acids and immunonutrition group showed a
or total gastrectomy; leoti 1 .
=164, nucleotides tota trend for longer survival
600 mL/d and 600 kcal/d compared with the conventional
for 5 to 7 days before nutrition group.
surgery with at least 80% no significant difference in
adherence) and survival rates at 6 months or 1 year.
conventional group
Zhao et al. [22] . Locally advanced gastric Patients were randomly serum A, .TP’ and ALB .
. Randomized cancer; . s concentrations were higher in the
China linical trial NAC: assigned to the ® ERAS or .
2018 clinical tria ; standard care group ERAS group than in the
n =106. ’ standard group.

Jiang et al. [17]
China
2021

cohort
(retrospective)

Gastric adenocarcinoma;
Radical surgery after NAC;
n =203.

Body weight was recorded
at the starting of NAC and
before surgery, but after
the last NAC.

Patients with declining
body weight during NAC
were classified as weight
loss group and patients

Maintaining weight trends
(non-significant):
>higher rate of ONS usage.

who
maintained/increased
their weight during NAC
were classified as no
weight loss group.

Legend: NAC—neoadjuvant chemotherapy; LA—locally advanced; GC—gastric cancer; GEJ—gastroesophageal
junction; DLT—dose-limiting toxicity; NAT—neoadjuvant treatment; CT—chemotherapy; VAT—visceral adipose
tissue; SAT—subcutaneous adipose tissue; DFS—disease free; MN—malnutrition; BMI—body mass index;
PA—prealbumin; PRNS—prognostic-related nutritional score; mSIS—modified systemic inflammation score;
CT Scan—computed tomography scan; PGSGA—patient-generated subjective global assessment; ONS—oral
nutritional supplements; CONUT—controlling nutritional status; SMI—skeletal muscle index. # Nutrison fiber
and oral nutritional supplementation (500 mL per bottle containing 500 kcal, 20 g protein, 19.45 g fat,and 61.5 g
CH); 7 days before surgery apart from routine preoperative diet (35 kcal /kg/day). Both groups on Nutrison fiber
within 48 h after surgery. ® ERAS group: sufficient preoperative patient education, normal diet until 6 h before
surgery, liquid intake until 2 h before surgery, preoperative carbohydrate loading before surgery, analgesia with
nonsteroidal anti-inflammatory drugs, minimization of opioid pain management, avoidance of perioperative fluid
overload, no routine use of NGT, no abdominal drains, early removal of bladder catheters, liquid diet on recovery
from anesthesia, semi-liquid diet on return of bowel function, tolerated liquid diet and forced ambulation on
the day of the surgery; NGT placed preoperatively and remained until flatus occurred, intra-abdominal drains
placed during surgery until the day before discharge, not allowed oral intake until bowel flatus gastrointestinal
movement occurred, usually remained in bed for approximately 2 days after surgery. # Conventional group:
gastrointestinal preparation before surgery, fasting from midnight, NGT placed preoperatively and remained
until flatus occurred, intra-abdominal drains placed during surgery until the day before discharge, not allowed
oral intake until bowel flatus gastrointestinal movement occurred, usually remained in bed for approximately
2 days after surgery.
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4. Discussion

Gastric cancer (GC) is one of the most significant malignancies worldwide, with an annual
burden prediction of ~1.8 million new cases and ~1.3 million deaths by 2040 [25]. Preoperative
nutritional status is known to affect prognosis, OS, and DFS rates in surgical patients [26].
Indeed, the presence of MN in patients with radical surgical resections contributes to an
increased incidence of postoperative complications and extended hospitalization [27].

It has been shown that NAC improves the overall therapeutic effects in locally ad-
vanced GC patients and does not increase the incidence of surgical complications. Addi-
tionally, undergoing GC surgery without previous NAC might significantly decrease the
chance of effective reduction and radical resection [28]. NAC has been established because
it confers clinical benefits over surgery [9], and it seems to be capable of enhancing im-
munological status, ameliorating GC patients’ postoperative prognosis. Nevertheless, these
widely adopted treatment proposals (e.g., FLOT) are also known to be frequently associated
with a variety of gastrointestinal adverse effects, including anorexia, nausea, vomiting,
stomatitis, and diarrhea, which can lead to a further deterioration of a patient’s nutritional
status, especially because these frequently present an already high risk of MN [29]. Further-
more, nutritional-related problems are one of the leading causes of hospital readmissions.
Commonly, patients are not able to meet nutritional needs because of inadequate intake
due to intolerance to oral and/or enteral feedings, typically manifested by nausea, vom-
iting, and/or early satiety [18]. For all these reasons, this review attempted to identify
nutrition-related critical points during GC neoadjuvant management and their associations
with clinical outcomes, as described in the selected literature.

Fourteen studies were analyzed, with 1360 patients included. Most studies were
related to body composition and nutritional indexes. The results can be categorized as
patient- and clinical- (disease- and treatment-) related ones. This review found considerably
fewer concerning healthcare-related critical points, besides the application of nutritional
risk identification tools.

Sarcopenia was predominantly considered a significant risk factor for adverse effects
or the worst outcomes during treatment [5]. In addition, lower BMI and BSA relate to DLT
and seem to lead to early treatment termination [14]. Interestingly, and still concerning
the relationship of BSA with DLT, sarcopenic obesity was indeed associated with early
treatment termination and reduced survival [12].

In these studies, GC patients’ clinical outcomes, including OS, were shown to be closely
related to many nutritional parameters, such as body weight. In fact, a lower BMI was
associated with a poor OS [19], while a higher BMI seems to also be a significant risk factor
for adverse effects during treatments [5]. Importantly, patients who lose weight during
NAC seem to be at higher risk of worse CT effects. CT adverse effects, such as nausea,
vomiting, and dysgeusia, may compromise food intake, which in turn could exacerbate
weight loss. This weight loss is often sharp and marked and may contribute to the loss of
skeletal muscle and to MN, which might account for the description of a low BMI being
related to a poorer OS. Even though BMI signifies a relationship between weight and height
and cannot describe body compartments. Furthermore, NAC trajectories are long, and the
timing of some of the body composition analyses might not capture the dynamic nature of
the body composition variations throughout treatment.

Adding on, GC patients, who simultaneously present with a high BMI and sarcopenia,
had a higher BSA but low muscle mass [14]. This is an important consideration, as it is
now established that patients with low muscle mass during CT treatments will have higher
toxicity and more treatment interruptions. When compared with patients with normal
muscle mass, sarcopenic obesity seems capable of shaping low OS [12]. Visceral adipose
tissue, strongly linked with inflammation, is shown to have a higher risk of relapse in
several cancer types. Here, DFS is also associated with low VAT, both before and after
NT [12]. Indeed, adiposity levels are known to be associated with both increased cancer
incidence and progression in multiple tumor types, and obesity is estimated to contribute
to up to 20% of cancer-related deaths [30]. Adipose tissue mechanistically disrupts physio-
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logical homeostasis, but the underlying relationships between obesity and cancer are still
poorly understood.

Concerning a patient’s pathological response following treatment, this was also asso-
ciated with weight loss, even though body composition did not seem to be. In addition,
patients with low skeletal muscle and adipose mass had a higher incidence of hypoalbu-
minemia and low IGF-1 levels.

Regarding postoperative complications (within 30 days), Zhou et al. failed to show a
significant association with body composition. Nonetheless, a higher BMI with a high VAT
after NAC was significantly correlated with postoperative and treatment complications [15,16].

In relation to nutritional interventions, immunonutrition did not seem to have a
significant association with complications or survival rates. On the other hand, patients
with nutritional support strategies, such as oral nutritional supplements, were shown to
have better weight stability throughout the proposed treatments [22,23].

Age has been found to be associated with physiological changes influencing drug
pharmacokinetics, thus affecting cancer therapies [31]. In this review, one study related age
to pathological response [17], showing a better pathological response in older patients than
in younger ones. This could imply a more aggressive gastric cancer in younger patients
and, hence, a poorer clinical response. Interestingly, older patients present lower CONUT
and PNI scores, indicative of lower serum albumin and lymphocyte counts. Ageing also
carries the risk of an impaired immune and hematologic system, potentially making elderly
patients more vulnerable to infections and, in turn, more susceptible to earlier treatment
termination [31].

Yamaoka et al. found that age was not a risk factor associated with a significant loss of
skeletal muscle after total gastrectomy, even though it is expected that a higher percentage
of muscle wasting occurs in the elderly over 65 years of age [13].

This systematic review tried to clarify the exposures and critical determinants that
may be impacting GC patients’ nutritional status during neoadjunvancy, and our findings
seem to reinforce the importance of body composition throughout the course of NT. GC
is known to be accompanied by MN, altered metabolism, and cancer-associated cachexia,
with a significant impact on the patient’s nutritional status, muscle compartments, function,
and OS [32]. GC patients will then be exposed to the burden of persistent inflammation
and metabolic deregulation, along with decreased food intake due to anorexia, nausea, and
digestive impairments such as epigastric pain and early satiety. Many of these symptoms
endured since clinical presentation and/or diagnosis, if unabated, will potentially be
made worse by the prolonged multimodal treatment, which, in turn, might aggravate
any involuntary weight loss or sarcopenia [26,33]. Although current guidelines already
recommend screening and the systematic identification of nutritional risk as the first step for
the nutritional care process of cancer patients, and as sarcopenia’s independent prognostic
value becomes more established, body composition assessment could emerge as a broader
tool to support clinical decision making in patients with GC, namely dose and toxicity
management [34].

Regardless, the exact role of nutritional support during NAC has yet to be fully explored.
Even though the evidence shows that nutritional support in the immediate perioperative
period with immune-nutrient-enriched formulas seems to reduce surgical complications, little
is known about the type of nutritional interventions during NAC [26,33].

In addition, it is urgent to better comprehend the role of nutritional support in stabi-
lizing and reversing sarcopenia and its role during cancer-associated body composition
changes, specifically throughout NAC.

Most of the studies found and included in this review had a retrospective design
and recruited a small sample size (single center). Many have also identified the following
limitations: heterogeneous clinical data, inconsistencies in the prescribed treatment plan,
time to follow up, and diverse cut-off values (File S2—Supplementary Data). This review
has also identified a lack of studies documenting wider aspects that might influence
nutritional status, such as healthcare and organizational critical points. Patients with NT
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proposals will be exposed for longer to treatments and hospital visits, and this might be
even more concerning for those having to accommodate farther travel to reach reference
centers. More is needed to better understand the nutritional status implications of these
prolonged care continuum exposures and subsequent clinical outcomes.

Finally, NT is a period that normally encompasses several weeks and could undoubt-
edly represent an opportunity to identify, manage, and tackle nutritional-related issues that
seem to be associated with several clinical outcomes and to provide the best supportive
measures for GC patients.

5. Conclusions

Neoadjuvant chemotherapy in gastric cancer patients has the potential to contribute to
an increase in catabolic stress, nutritional impact symptoms, malnutrition, and sarcopenia.
Pursuing a better understanding of the exposure to critical domains affecting nutritional
status risk and their determinants will enable proactive clinical approaches and optimized
care plans by deploying appropriate and timely nutrition support so that there is an
opportunity to mitigate poor nutritional status and sarcopenia alongside their deleterious
clinical consequences.

Supplementary Materials: The following supporting information can be downloaded at: https://www.
mdpi.com/article/10.3390/nu15102241/s1, File S1: Supplementary data: search strategy example;
File S2: Limitations of the included studies.
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Abstract: Adult survivors of pediatric central nervous system (CNS) tumors are at the highest risk for
morbidity and late mortality among all childhood cancers due to a high burden of chronic conditions,
and environmental and lifestyle factors. This study aims to epidemiologically characterize young
adult survivors of pediatric CNS tumors using body mass index (BMI) to assess risk factors for
obesity. Using a cross-sectional design, young adults (18-39 years) previously treated for pediatric
CNS tumors and followed in a survivorship clinic during 2016-2021 were examined. Demographic,
BMI, and diagnosis information were extracted from medical records of the most recent clinic
visit. Data were assessed using a two-sample t-test, Fisher’s exact test, and multivariable logistical
regression. 198 survivors (53% female, 84.3% White) with a BMI status of underweight (4.0%), healthy
weight (40.9%), overweight (26.8%), obesity (20.2%), and severe obesity (8.1%) were examined. Male
sex (OR, 2.414; 95% CI, 1.321 to 4.414), older age at follow-up (OR, 1.103; 95% CI, 1.037 to 1.173),
and craniopharyngioma diagnosis (OR, 5.764; 95% CI, 1.197 to 27.751) were identified as significant
(p < 0.05) obesity-related (>25.0 kg/m?) risk factors. The majority of patients were overweight or
obese. As such, universal screening efforts with more precise determinants of body composition than
BMI, risk stratification, and targeted lifestyle interventions are warranted during survivorship care.

Keywords: nutrition status; pediatric central nervous system tumors; obesity risk; young adults;
risk stratification

1. Introduction

Central nervous system (CNS) tumors are the second most common childhood cancer
with 75% of children diagnosed surviving >5 years [1]. With this high long-term survival
rate comes a need for clinical care with a focus on late effects, which can be just as detri-
mental to a survivor’s health as the original cancer diagnosis. Specifically, among pediatric
cancer survivors, pediatric CNS tumor survivors are at the highest risk for new chronic
medical conditions (e.g., cardiovascular disease, endocrinopathies), poor health-related
quality of life, and late mortality, with a cumulative mortality rate of more than 27% by
45 years old [2-6]. Obesity, which has a prevalence of 28.8-42.0% in pediatric CNS tumor
survivors [7-9], is a known modifiable risk factor for secondary malignancies and higher
cancer relapse in the pediatric cancer population [9-11]. Additionally, survivors of CNS
tumors are at increased risk of obesity development, potentially as a result of hypothalamic
insult, metabolic changes, or reduced physical activity levels as a result of the tumor and/or
its treatment [12-14]. At the other end of the spectrum, pediatric cancer survivors with an
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underweight status have an increased likelihood of reporting adverse health and major
medical conditions, which may also contribute to early mortality [8].

Monitoring of the nutritional status of adult survivors of pediatric CNS tumors is
encouraged within the survivorship guidelines [15]; however, identification of key risk
factors of poor nutritional status among pediatric CNS tumor survivors that need the most
attention, how nutritional status should be assessed, and updated comparison studies
with the general population where ongoing societal increases in obesity levels continue to
trend [16] are not well examined. The literature examining the nutritional status within
the pediatric cancer population is sparse with limited work completed within the past
5-10 years and the majority of the research conducted in hematological cancers [13,17]. A
systematic review examining the prevalence of malnutrition in pediatric cancer patients
identified 29 studies targeting hematological cancers, 13 examining solid tumors, two on
brain tumors, eight targeting those with International Classification of Childhood Cancer
(8rd edition), and six including a mixed cohort [13]. As such, the CNS tumor survivor
population is drastically underrepresented within malnutrition-related research, despite
obesity being a known late effect within this population.

As adults, more than 45% of survivors of pediatric CNS tumors are likely to experience
at least one or more poor health outcomes (e.g., poor general health, adverse mental health,
functional impairment, activity limitations) compared to less than 20% of non-cancer
siblings [18]. Furthermore, poor health outcomes are further exacerbated by the presence
of malnutrition, either underweight or obesity, a risk factor that can be modified [13,18]. As
such, to know who, if, how, and when to intervene with regard to improving nutritional
status, it is important to understand the current scope of malnutrition within the pediatric
CNS tumor survivor population. While the limitations of BMI have become increasingly
known and scrutinized for its inability to distinguish between body composition (i.e., fat
mass vs. muscle mass), differences amongst ethnic populations, and inability to provide
any indicator of metabolic health, it continues to be a simple screening tool to help identify
those at risk for potential health and/or nutritional complications. Additionally, current
diagnostic criteria for malnutrition (both under- and over-nutrition) continue to use BMI as
an indicator of overall nutrition status. Therefore, the purpose of this observational study
was to epidemiologically characterize young adult survivors of pediatric CNS tumors using
BMI to assess risk factors of obesity.

2. Materials and Methods
2.1. Study Design and Population

Data collected for this retrospective, cross-sectional study were obtained from medical
records of young adults seen through the Stop & Shop Family Pediatric Neuro-Oncology
Outcomes Clinic at Dana-Farber/Boston Children’s Cancer and Blood Disorders Center.
The clinic provides multi-disciplinary, long-term follow-up to survivors of pediatric CNS
tumors through young adulthood. Patients were eligible for this analysis if they were aged
18-39 years at the time of their most recent visit, previously diagnosed with a CNS tumor
at 18 years or younger, and were seen in the survivorship clinic between 2016 and 2021.
Due to the minimal risk of the study to patients, a consent waiver was granted.

2.2. Data Collection

Data obtained from medical records included: (1) height (cm) and weight (kg) data
from most recent survivorship appointment, these were used to calculate BMI, (2) age
at diagnosis and follow-up appointment, (3) sex (male, female), (4) race (White, Black,
Asian, other or multiple races) and ethnicity (Hispanic/Latino yes/no), (5) insurance
(Medicaid /Mass health, private, other), (6) tumor histology (low-grade glioma, embryonal,
craniopharyngioma, other e.g., ependymoma, choroid plexus tumor, germ cell tumor),
(7) tumor location (posterior fossa, hypothalamus/optic pathway, supratentorial, cervi-
comedullary, spinal cord), (8) treatment (surgery, cranial radiotherapy exposure, chemother-
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apy), (9) presence of neurodevelopmental and/or endocrine disorder, and (10) current
stimulant medication use (methylphenidate, amphetamine/dextroamphetamine).

2.3. Definitions

Age at diagnosis and follow-up. Age at diagnosis was taken from the date of magnetic
resonance imaging showing tumor presence. If an exact date was not available, then the
first of the month was entered. Age at follow-up was taken from the most recent visit
to the survivorship clinic between 2016 and 2021 when both weight and height variables
were available.

Underweight, healthy weight, overweight, obesity, and severe obesity. BMI was calculated
by dividing weight (kg) by height squared (kg/m?) that was recorded at the most recent
survivorship clinic appointment. Underweight was defined as a BMI < 18.5 kg/m?, healthy
weight 18.5-24.9 kg/m?, overweight 25.0-29.9 kg/m?, obesity (class I) 30.0-34.9 kg/m?,
and severe obesity (combined class IT and TIT) > 35.0 kg/m? [19].

Treatment. Receipt of surgery included those who had a biopsy, partial/subtotal
resection, and/or a total resection. Those who only had a shunt procedure were not
classified as having had a tumor-related surgery. Only those patients who received cranial
radiation were identified as being exposed to radiotherapy. Finally, any persons who
received chemotherapy were identified as exposed to chemotherapy.

Endocrine disorder. An endocrine disorder was defined as any condition relating to the
hypothalamic-pituitary system including growth hormone deficiency, thyroid stimulating
hormone deficiency, adrenocorticotropic hormone deficiency, gonadotropic releasing hor-
mone deficiency, diabetes insipidus, central precocious puberty, disorders of the thyroid
and gonads.

Neurodevelopment disorder. A neurodevelopment disorder was defined as any condi-
tion that influences brain function and alters neurological development including autism,
attention deficit hyperactivity disorder, speech, motor, and learning disorders, and intellec-
tual disability.

Stimulant use. Stimulant use was defined by whether patients were currently taking
methylphenidate or amphetamine/dextroamphetamine at the time of their most recent
survivorship clinic visit.

2.4. Statistical Analysis

Statistical analyses were conducted using IBM SPSS version 28 (SPSS Inc., IBM, Ar-
monk, NY, USA). The normality of distribution was assessed using the Kolmogorov—
Smirnov test. Data are presented as mean =+ standard deviation (SD), median and in-
terquartile range [IQR], or number (percentage). The two-sample t-test, or the Wilcoxon
rank sum test for the non-normally distributed variables, was used to assess between-group
differences for continuous variables and Fisher’s exact test for categorical data. Forward
stepwise logistic regression analysis was used to identify risk factors for overweight and
obesity diagnosis. Patients that were underweight or healthy weight were grouped together
as the reference group and compared to those classed as overweight, obese, and severely
obese given that a BMI > 25.0 kg/m? is associated with a higher risk of mortality [20]. The
result is presented as odd ratios (ORs) and 95% confidence intervals (Cls). Independent
variables to be included in the forward stepwise variable selection procedure were selected
based on the significance of the bivariate association between the variables and the weight
group, in addition to variables deemed clinically relevant (e.g., an endocrine disorder,
location, and histology of tumor). In an exploratory analysis, due to a small number of
underweight survivors, only bivariate associations were examined for differences in the
variables between underweight and those not underweight. Tests were two-tailed and
statistical significance was set at p < 0.05.
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3. Results
3.1. Patient Characteristics

We identified 198 (53% female) survivors of childhood CNS tumors that met the
inclusion criteria (Figure 1). The cohort was separated into five BMI categories where 4%
were identified as underweight, 40.9% as healthy weight, 26.8% as overweight, 20.3% as
obese, and 8.1% as severely obese (Table 1). Overall, patients predominantly identified as
White (84.3%), non-Hispanic/Latino (66.7%), and were diagnosed at a median age of 8
(4-12) years. At the time of the most recent survivorship clinic appointment, patients were
a median age of 24 (20-28) years and had been followed for a mean of 16.5 + 6.4 years.
Tumors were commonly located in the posterior fossa (39.4%), with low-grade glioma being
the most prevalent primary tumor histology (50.5%). The majority of patients received
surgery (90.4%) with just over half of patients exposed to chemotherapy (51.5%) and cranial
radiotherapy (52.5%). Finally, 41.9% were identified as having an endocrine disorder, 23.2%
as a neurodevelopmental disorder, and 12.6% were taking stimulants at the time of their
most recent survivorship clinic appointment.

Enrolled patients in the Stop
& Shop Family Pediatric
Neuro-Oncology Outcomes
Clinic (N = 814)

A 4

Patients identified as
potentially eligible based on
age and having an in-person

appointment, where height
and weight were measured

Excluded patients:
- <1Qwrnnvg at titnn ~F
~1 o_y\.cuo atl i vl
most recent
appointment: 2

*  Diagnosed as a young

(n=213) adult (>18years): 9
»| * Comprehensive
medical and diagnosis
Patients included in final information
analysis (n = 198) unavailable: 4

Figure 1. CONSORT diagram.
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0%

3.2. Risk of Overweight and Obesity at Follow-Up

At the most recent survivorship appointment, 109 (55.1%) survivors had overweight
(n =53, 26.8%), obesity (n = 40, 20.2%), or severe obesity (n = 16, 8.1%), after a mean
follow-up time of 16.8 & 5.6 years, 17.9 & 7.3 years, and 19.7 & 6.2 years respectively.
A significant difference in the prevalence of patients with overweight and obesity was
found between females and males (p = 0.006) (Figure 2). On multivariate analyses, male
sex (OR, 2.414; 95% CI, 1.321 to 4.414), older age at follow-up (OR, 1.103; 95% CI, 1.037
to 1.173), and diagnosis of craniopharyngioma (OR, 5.764; 95% CI, 1.197 to 27.751) were
associated with overweight or obesity at last follow-up (Table 2). Twelve (85.7%) of the
craniopharyngioma survivors had overweight (n = 2, 14.3%), obesity (n = 5, 35.7%), or
severe obesity (n = 5, 35.7%) at the last follow-up. In sub-hoc analysis, which excluded
those with a craniopharyngioma diagnosis (n = 184), male sex (OR, 2.312; 95% CI, 1.256 to
4.256, p = 0.007) and older age at follow-up (OR, 1.101; 95% CI, 1.034 to 1.172, p = 0.003)
were still significant risk factors for overweight/obesity.

47%

349, 37%
22% 18% 19%

8% 8% 9%

Male Female

m Underweight mNormal = Overweight Obesity m Severe obesity

Figure 2. Distribution of sex across the five BMI groups.

Table 2. Regression analysis assessing risk factors for developing overweight, obesity, or severe
obesity during survivorship care.

Variable Odds Ratio 95% CI p Value
Males 2414 1.321-4.414 0.004
Age at follow up 1.103 1.037-1.173 0.002
Craniopharyngioma 5.764 1.197-27.751 0.029

3.3. Underweight at Follow-Up

At the most recent follow-up, 8 (4.0%) survivors were underweight, after a mean
follow-up of 14.2 + 6.3 years. A significant difference in underweight prevalence between
females and males was found (p = 0.007) (Figure 2). On bivariate analysis, female sex
(100.0% vs. 51.1%, p = 0.007) and non-white race (50.0% vs. 14.2%, p = 0.022) were
significantly associated with underweight status at follow-up when compared to survivors
with healthy weight, overweight, obesity, or severe obesity. One (7.1%) had a tumor in the
hypothalamic/optic pathway, which was a craniopharyngioma. Underweight survivors
received cranial radiotherapy less frequently when compared with survivors with healthy
weight, overweight, obesity, or severe obesity (12.5% vs. 54.2%, p = 0.028) (Table 1).
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4. Discussion

We evaluated the BMI status of young adult survivors of pediatric CNS tumors fol-
lowed in a pediatric neuro-oncology survivorship clinic. There were three important
findings: (1) over half (55.1%) of the population analyzed were identified to have over-
weight, obesity, or severe obesity, (2) those who were male sex, older age at follow-up, and
had a craniopharyngioma diagnosis were more likely to have overweight, obesity, or severe
obesity, and (3) female sex, non-white race, and exposure to radiotherapy were more likely
among patients with an underweight status, compared with non-underweight.

Presence of obesity in childhood cancer survivors is associated with an increased risk
of relapse, obesity-related comorbidity development (e.g., type two diabetes, metabolic
syndrome), obesity-related cancer development (e.g., colorectal, kidney) as well as de-
creased overall survival [11]. Within the examined cohort, 55.1% were overweight, obese,
or severely obese. Compared to other studies examining survivors of pediatric CNS tumors
with shorter follow-up durations, the present study found a higher prevalence of obesity
rates (55.1% vs. 28.8-42.0%) [7-9]. Of note, Wilson et al. [21] examined 158 survivors of
pediatric CNS tumors with an older median age at follow-up (32.4 years) and reported
an overweight and obese prevalence of 66.4%. Given the present analysis determined
age at a follow-up appointment to be a significant risk factor for obesity presence, it is
likely the rates of overweight/obesity continue to climb throughout survivorship years,
similar to the general population [14,22]. Furthermore, the proportion of obesity (28.3%;
BMI > 30 kg/m?) in our cohort is comparable to the general U.S. young adult population of
32.7% (20-25 years) (assessed 1976-2018) [16]. These findings would suggest similar rates of
obesity-related cardiometabolic comorbidities between age-matched pediatric CNS tumor
survivors and non-cancer controls; however, this is not the case. For example, significant
relative risks between 2.0 and 359.7 have been reported for survivors of pediatric CNS
tumors in developing endocrine and cardiovascular-related conditions within five years
post-diagnosis when compared to siblings [23]. This discrepancy in cardiometabolic comor-
bidities, but no difference in BMI status, would suggest that the tumor and its treatment
may impact the adiposity levels and metabolic function of survivors. Such impact has
been highlighted in a systematic review by Wang et al. [24] where despite similar BMI
distributions, body fat percent was 4.1% greater among survivors of CNS tumors compared
to non-cancer controls. While BMI is associated with adiposity and metabolic dysregula-
tion at the population level, it does not always reflect accurate obesity or generalizable
nutrition status at the individual level. Therefore, a further examination into the body
composition and metabolic health of survivors of pediatric CNS tumors is required to better
understand the potential mechanisms involved in their increased risk of obesity-driven
comorbidities [24].

Within this analysis we found male sex to be a significant risk factor associated
with overweight, obesity, or severe obesity during survivorship. This is an interesting
finding as the majority of the previous research has identified females to be at a higher
risk [11,25-27]. A systematic review comparing the prevalence of overweight and obesity
between survivors of pediatric brain tumors and non-cancer controls reported male cancer
survivors to be at higher odds of an overweight status compared to female cancer survivors,
but the risk was similar between both sexes when examining an obesity status [24]. Similar
to the systematic review, our study did not restrict tumor type, unlike Lek, Prentice [25]
who only examined suprasellar brain tumors, which may partially explain the discrepancy
in findings. Additionally, our study exclusively targeted survivors > 18 years of age, as
such pubertal state in previous studies may also explain sex-associated risk discrepancies.
Mechanistic insight into why one sex over the other may be more vulnerable to developing
obesity during survivorship is unclear. However, while not in line with the findings of the
current analysis, Lek et al. [25] proposed that hyperleptinemia induced by injury to the
hypothalamus may play a role in that females typically have higher leptin levels than males
for the same degree of fat mass and as such females may develop leptin resistance and have
a greater loss of appetite suppression [28]. Given the conflicting evidence, further analysis
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into whether females or males are at a higher risk of obesity as a young adult survivor of a
CNS tumor, as well as mechanistic insight into why this may be, is needed.

Older age at most recent survivorship appointment and a craniopharyngioma diagno-
sis were also identified as obesity-related risk factors, which is in line with age-related trends
in the general population [29,30] and previous pediatric CNS tumor studies [9,11,14,17,22].
The location of the craniopharyngioma tumor and damage to the hypothalamus because
of the tumor and cancer-related therapies can lead to the development of “hypothalamic
obesity,” a syndrome in which lifestyle interventions are rarely effective [31]. Nonetheless,
physical activity may still be critical in obesity management, where a lack of physical
activity has also been noted as a potential key component of obesity development among
patients with craniopharyngioma [32]. Further analysis is required to identify how much
physical inactivity contributes to obesity development, in addition to why physical activity
is lower among survivors of both craniopharyngioma and other CNS tumors. Refined
understanding will assist in targeted interventions to manage and modify obesity status.

An underweight status is uncommon among survivors of pediatric CNS tumors in
Western countries [9,33]. This is reflected in the current analysis with only 4.0% of the
assessed population with an underweight status. However, being underweight is still
associated with comorbidity development (e.g., frailty), or a higher risk of mortality [11,34].
Consequently, we did a bi-variate analysis between those with underweight versus not
underweight statuses. Because of the small sample size of survivors with underweight
(n = 8), caution is warranted with this analysis; however, female sex, non-white race,
and no exposure to radiotherapy are potential candidates as risk factors for developing
underweight as a young adult survivor of pediatric CNS tumors.

This study has several strengths. The cohort analyzed represents a typical distribution
of tumor types, locations, and treatments from a unique clinical setup that is dedicated to
enhancing survivorship quality among young adult survivors of CNS tumors. Addition-
ally, compared to similar studies [9,25,35], our study describes the longest follow-up time
(16.5 + 6.4 years) providing a better epidemiological description of BMI status in young
adult survivors of pediatric CNS tumors. However, there are several limitations. This was
a cross-sectional study of a single institution analysis with the majority of participants
identifying as White, therefore, the generalizability of this study to populations not racial-
ized as White is unclear. Additionally, while our study targeted survivors, we need to
consider survivor bias where those who were underweight may have died shortly after
diagnosis. While BMI is often used as an easy, inexpensive variable to gauge the nutrition
status of a patient or population, the distribution of body composition (i.e., fat and muscle
mass) provides more accurate information regarding metabolic health and mechanistic
understanding of obesity development within the CNS tumor population. Additionally,
CNS tumor patients are known to be at risk of short stature. BMI relies on height across
a normal distribution, which may result in the misclassification of obesity, and further
emphasizes that body composition assessment (e.g., fat and muscle tissue) may be a useful
measure when considering obesity management strategies [26,36].

5. Conclusions

Within the current analysis, the majority of patients were overweight, obese, or
severely obese, which is comparable to the non-cancer young adult U.S. population. Our re-
fined understanding of the impact of disease and treatment exposure in this population will
allow for more strategic identification of potential survivors in need of obesity management.
Within this analysis, we identified male sex, age at follow-up, and craniopharyngioma diag-
nosis as key risk factors for obesity development. While these may help guide clinicians to
identify at-risk survivors, the ideal intervention to prevent or modify obesity is still unclear
in this population. While some forms of obesity within the CNS tumor population may
respond to lifestyle-based interventions, those with hypothalamic obesity may not respond
to such interventions [11,22]. To date, there are no combined nutrition and exercise-based
interventions within the pediatric CNS tumor population, either on or off treatment [37].
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Future studies are required to examine the benefit of such interventions to establish the
best prescription to manage not only obesity status but adiposity and metabolic function,
among long-term survivors of CNS tumors.
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Abstract: '8F-FDG PET-CT is routinely performed as part of the initial staging of numerous cancers.
Other than having descriptive, predictive and prognostic values for tumors, '8F-FDG PET-CT provides
full-body data, which could inform on concurrent pathophysiological processes such as malnutrition.
To test this hypothesis, we measured the 'F-FDG uptake in several organs and evaluated their
association with weight loss in patients at diagnosis of esophageal cancer. Forty-eight patients were
included in this retrospective monocentric study. ®F-FDG uptake quantification was performed
in the brain, the liver, the spleen, bone marrow, muscle and the esophageal tumor itself and was
compared between patients with different amounts of weight loss. We found that Total Lesion
Glycolysis (TLG) and peak Standardized Uptake Values (SUVy,eak) measured in the brain correlated
with the amount of weight loss: TLG was, on average, higher in patients who had lost more than
5% of their usual weight, whereas brain SUVpeak were, on average, lower in patients who had lost
more than 10% of their weight. Higher TLG and lower brain SUV ¢,y were associated with worse
OS in the univariate analysis. This study reports a new and significant association between ¥F-FDG
uptake in the brain and initial weight loss in patients with esophageal cancer.

Keywords: malnutrition; 18E_FDG PET/CT; weight loss; brain metabolism; esophageal cancer

1. Introduction

In oncology, 2-deoxy-2-(18F)-fluoro-D-glucose positron emission tomography coupled
to computed tomography (*8F-FDG PET-CT) is widely used in order to detect regional and
distant tumor spread as part of the initial tumor staging or treatment evaluation [1]. Specific
metrics based on '8F-FDG uptake at the tumor level are also recognized as independent
prognostic factors in several cancers, including esophageal cancer [2-4]. However, 8F-FDG
uptake by neoplastic or non-neoplastic tissues, though measurable, has only rarely been
used to explore concurrent pathophysiological processes, such as malnutrition [5,6]. Cancer-
associated malnutrition is a severe systemic metabolic condition, with a high incidence in
patients with esophageal cancers [7,8]. It is defined by involuntary WL, low body mass
index (BMI) or reduced muscle mass in the context of reduced food intake, reduced nutrient
absorption or active disease [9]. It impairs quality of life, associates with worse tolerance to
treatment and negatively impacts overall survival (OS) [10-12]. How malnutrition impacts
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I8F-FDG uptake of tumors and healthy organs is largely unknown [13,14]. Likewise, to
what extent '8F-FDG uptake could inform the pathophysiological changes occurring in
malnourished patients is also unknown.

In this study, using data from routinely performed '®F-FDG PET-CT at the initial
staging of esophageal cancer, we retrospectively and systematically assessed the association
of I8E-FDG uptake values in the brain, the liver, the spleen, bone marrow, muscle and the
esophageal tumor itself with weight loss.

2. Methods
2.1. Patient Selection

Patients aged 18 years old or above diagnosed with esophageal cancer (squamous cell
carcinoma or adenocarcinoma) that underwent an '8F-FDG PET-CT scan for initial staging
(before any treatment) between January 2014 and June 2019 were eligible for inclusion.
The study was approved by the Institutional Review Board (ART-2021-02). Patients were
excluded if anti-diabetic medications were listed in their medical files, if their capillary
blood glucose concentration at the time of the 8 F-FDG injection was below 65 mg/mL or
above 135 mg/mL, if the time between tracer injection and imaging was under 55 min or
above 75 min, if their brain had not been scanned, if they presented with brain, liver or
spleen metastases or if CT and PET images were misaligned at visual inspection.

2.2. Imaging Data Acquisition and Processing

Patients were asked not to ingest anything other than plain water and to avoid intense
physical activity for 6 h before the injection of '¥F-FDG (3.5 MBq/kg). Their venous
blood glucose level was measured before injection using a glucometer. Image acquisition
from skull to mid-thigh was performed on the same Discovery PET/CT 690 scanner
(GE Healthcare, Waukesha, WI, USA). Non-contrast CT scans of patients in the supine
position were acquired, followed by 3D PET imaging. Data were corrected for geometrical
response and detector efficiency, dead time, random coincidences, scatter and attenuation,
as recommended in [15], and reconstructed into matrices of 256 x 256 pixels. Our PET/CT
imaging facility was accredited for tumor imaging by the European Association of Nuclear
Medicine Research Ltd.

2.3. Quantification of '*F-FDG Uptake

The quantification of BEFDG uptake was retrospectively performed. Spherical vol-
umes of interest (VOI) were manually positioned over relevant organs using CT images and
OsiriX MD software (version 7.5): over the right lobe of the liver (19.2 cm®), over the spleen
(5.2 cm?), inside the brain (centered on the putamen) and inside the left iliac tuberosity in
order to measure tracer uptake in the bone marrow. The putamen is an easily recognizable
brain structure, which we used to reproducibly center the brain VOI. This warranted consis-
tent measurements. SUV e, were computed within these VOI using OsiriX MD. SUV pe,i
correspond to the average value within a 1 cm® sphere positioned around the highest
voxel value (SUVax) [15-17]. SUVpeal< were proposed to be more robust than SUVmay,
especially in low-count conditions, as was the case for most organs in this study [18]. The
esophageal tumor was circumscribed within a large spherical VOI. The Metabolic Tumor
Volume (MTV) was defined as the volume inside the 3D isocontour at 41% of the maximum
pixel value (as recommended in [15]) and the Total Lesion Glycolysis (TLG) as MTV multi-
plied by mean voxel SUV (SUVmean) within the MTV. For skeletal muscle, the mean SUV
(SUVmean) of a 2D, manually drawn region of interest (ROI) delineating the cross-sectional
area of skeletal muscle at the third lumbar vertebra was chosen. This region has been
shown to be representative of whole-body muscle mass [19]. When indicated, SUVs were
normalized to lean body mass (LBM) according to James” and Janmahasatian’s predictive
equations [20-22]) and referred to as SULjames O SULjanma, respectively. Similarly, when
indicated, brain SUV e,k were also normalized to blood glucose concentrations at the time
of the 18F-FDG injection as SUVg1y = SUVpeak X (blood glucose in mg/dL)/100) [23].
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2.4. Clinical Data Collection and Nutritional Assessment

Clinical parameters and imaging conditions were obtained from patients” medical
records, PET/CT reports and associated DICOM files. The reference weight (weight[ref])
was defined as the patient-reported usual stable weight. Weight loss (WL) was de-
fined as: WL = (weight[PET] — weight[ref])/weight[ref] with weight[PET] defined as
the weight on the day of PET/CT. WL was categorized according to two thresholds:
WL > 5% and WL > 10%. The reference weight was obtained from nutritional reports
systematically filed for all patients by dieticians or physicians during consultation.

2.5. Statistical Analysis

Categorical variables are expressed as numbers in the indicated category and (%),
with continuous variables as median and (range). Group differences between quantitative
variables were tested using the non-parametric Kruskal-Wallis test by ranks or Pearson’s
chi-square test for categorical variables. In order to examine the optimal cut-off values for
SUVs, Receiver Operating Characteristic (ROC) curves were assessed with WL > 10% as
the reference. The cut-off value corresponding to the highest predictive value, which
maximized the Youden index, was chosen. Overall survival (OS) was defined as the time
between diagnosis and death or last follow-up (censored data). OS was estimated using
the Kaplan-Meier estimator. The log-rank test was performed to assess differences between
groups. Patients alive without event were censored at the last news date. The median
follow-up was estimated according to «reverse Kaplan-Meier method» and presented with
95% confidence intervals (Cls). Multivariate analyses were carried out using logistic regres-
sions or Cox’s proportional hazards regressions, with a stepwise selection procedure on
covariables with p < 0.1 (dichotomized at median value) in univariate analyses. We added
3 more variables of interest, i.e., Glycemia, TLG and MTV, which were not automatically
selected as categorical variables for the multivariate logistic regression, but were associated
with WL > 10% (p < 0.1) as continuous variables. Odds ratio (OR) and hazard ratios (HR)
are presented with 95% Cls. All p values reported were two-sided and the significance level
was set to 5% (p < 0.05) and indicated by *. Statistical analysis was performed using the
STATA 16.1 software (Stata Corporation, College Station, TX, USA).

3. Results
3.1. Demographic and Nutritional Characteristics of Patients

Two hundred and eighteen patients with esophageal cancer underwent an initial "*F-FDG
PET-CT scan in our institute between January 2014 and June 2019. One hundred and fifty-three
patients were excluded because the PET-CT scans did not encompass their brain or showed
improper alignment between the PET and CT images in the brain area; thirteen patients were
excluded because of known diabetes or blood glucose outside of the 65-135 mg/L range; four
patients were excluded because the time between the F-FDG injection and imaging was
outside the predefined range. Forty-eight patients were selected for the study. The median
usual BMI was 27.2 kg-m~2 before the onset of initial symptoms. In comparison to the usual
weight, the median WL was 7% on the PET scan day. Thirty-two persons (67%) lost 5% or
more of their usual weight and eighteen (37.5%) lost 10% or more of their usual weight. Values
of BMI and glycemia before PET imaging were significantly different between patients who
lost 10% or more of their initial weight compared to the rest of the cohort (Table 1).

Table 1. Distribution of patient characteristics according to weight loss. Fractional weight difference
is between the usual weight, stable weight and the weight measured just before PET imaging. Median
and (range) are indicated. p is according to Kruskal-Wallis test by rank for continuous variables and
to Pearson’s chi-square test for categorical variables.

Variable

All %WL>5 %WL<5 P %WL>10 % WL< 10 p

Number of patients (%)

48 32 (67) 16 (33) 18 (37.5) 30 (62.5)
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Table 1. Cont.

Number of females (%)

Age at diagnosis, years
Usual BMI, kg'm’2
BMI on PET scan day, kg-m 2

Fractional weight difference

Squamous cell

History of former cancer (%)
Time tracer injection-PET
acquisition, min.

Glycemia before PET, mg/dL

8 (16.7) 5 (16) 3(19) 3(17) 5(17)
61.5 67.0 61.0 66.5
64 (36:88) (48.0:82.0) (36.0:88.0) 0.251 (54.0:82.0) (36.0:88.0) 0.273
27.2 27.6 25.7 27.2 27.0
(17.0:40.8) (17.0:40.8) (20.0:40.3) 0.718 (17.0:33.3) (20.0:40.8) 0-647
24.6 24.3 254 22.1 25.6 .
(14.1:385)  (14.1:36.9)  (19.4:38.5) 0.088 (141287) (194385 004
-0.07 —0.11 0.00 —0.14 —0.04 <0.001 *
(—0.42:08)  (—0.4:—0.1) (—0.0:0.1) (—0.4:—0.1) (—0.1:0.1) '
28 (58) 17 (53) 11 (69) 0.300 11 (61) 17 (57) 0.762
Adenocarcinoma 20 (42) 15 (47) 5(31) 7 (39) 13 (43)
Patients with distant metastasis 7 5 2 0.772 4 3 0.245
14 (29) 6 (19) 8 (50) 0.042* 4(22) 10 (33) 0.412
63.0 64.0 59.0 . 62.5 63.0
(55.0:73.0) (55.0:73.0) (55.0:68.0) 0.024 (55.0:71.0) (55.0:73.0) 0-958
99.5 101.0 97.5 103.0 97.5 .
(65:134) (65.0:134.0)  (84.0:131.0) 0.550 (90.0:134.0)  (65.0:131.0) 0.023

* indicated p < 0.05.

3.2. TLG and Brain SUV e Associated with WL > 10%

The SUVpeak measured in the brain, the liver, the spleen, bone marrow, muscle and
primary tumor were compared between patients presenting with WL > 5% versus <5% on
one hand, and WL > 10% versus <10% on the other hand. When a cut-off of 5% WL
was chosen, no significant difference was observed between SUV .k from any organs
(Table 2, columns 3-5 and Figure 1A). Yet, when a cut-off value of 10% WL was used, the
brain SUV e, were significantly lower (p < 0.001, Kruskal-Wallis test) in patients who lost
10% or more of their usual weight compared to other patients (Table 2, columns 6-8 and
Figure 1D). The Spearman correlation coefficient between the brain SUV ¢, and weight
difference was —0.44, p = 0.0015 (Supplementary Figure S1A). Representative '8F-FDG
PET-CT images from two patients presenting with different levels of brain I8E-FDG uptake
are shown (Figure 2).

Table 2. Distribution of '8F-FDG uptake values in specified organs according to weight loss (WL).
MTV, Metabolic Tumor Volume; TLG, Tumor Lesion Glycolysis. Median and (range) are indicated.
p is according to Kruskal-Wallis test by rank.

All %WL>5 %WL<5 b %WL>10 %WL<10 v
Brain SUVpeak (3,48:'1%6) (3,5'13:%) (6.431722) 0.189 (3.47:i2(1,3) (6,1:01';6) <0.001*
Liver SUVpeak (1.ii.5) (1.ii.5) (1;;2.4) 0.710 (1:523;.4) (2.%22.5) 0.148
Spleen SUVpeak (1.42{33.9) (1;3.9) (1;2;.1) 0.670 (1.%.7) (1;2;9) 0.170

Bone marrow  SUVpeak (13!;_5) (13!;_5) (1.322.4) 0.678 (1.3?;.4) (1.(1)25.5) 0.307

Muscleat L3 SUVmean (o.gﬁie) (o.gﬁgs) (o.gis) 0.623 (0.%9) (o,gg,a) 0.221
SUVpeak (1,51;;1i§.7) (1,51;;2i§.7) (3;%3.4) 0.431 (3.;%7) (1,51;:12;.4) 0.394

Primary tumor  MTV (cm3) (o.é:lég,é) (0.;%;6) (1.9%477.0) 0.003* (4.2:%?.1) (0.59:-6?9,6) 0.013*
TLG (3.3)?5%?8) (3.8?{37?8) (11.(13:2299) 0.005 (24,26%27]78) (3.09:%;954) 0.005

* indicated p < 0.05.
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Figure 1. Comparison of brain SUV e, (A), Total Lesion Glycolysis (TLG) (B) and Metabolic Tumour
Volume (MTV) (C) from patients who lost 5% or more of their initial weight (diagonal lines) versus
patients who lost less than 10% of their initial weight (dots). Comparison of brain SUV ,eax (D), TLG
(E) and MTV (F) from patients who lost 10% or more of their initial weight (diagonal lines) versus
patients who lost less than 10% of their initial weight (dots). Circles represent data points. Central
horizontal marks correspond to medians; bottom and top edges of the box indicate the 25th and
75th percentiles, respectively; notches correspond to limits of 95% CI. Whiskers extend to the most
extreme data value that is not beyond +/—2.70. Crosses correspond to data points beyond whiskers.
* indicates p < 0.05.

No significant difference was observed in SUV ey for the spleen, bone marrow muscle
or primary tumor using a WL cut-off of 10% (Table 2). For primary tumors, the median
MTV and TLG were both significantly higher in patients that met either the 5% WL cut-
off or the 10% WL (Figure 1B,C,E,F). The Spearman correlation coefficient between TLG
and weight difference was —0.48, p < 0.001 (Supplementary Figure S1B). There was no
significant correlation between TLG and brain SUV pe,k (Spearman correlation coefficient
of —0.23, p > 0.1, Supplementary Figure S1C).

Patient BMI and glycemia were potential confounding factors as both are known to
influence SUVs [21,23-27] and distributions of both parameters were significantly different
between patients who lost 10% or more of their usual weight and the others (Table 1).
However, in a multivariate logistic regression model to predict WL > 10%, adjusted for
BMI, glycemia, brain SUVpe,, MTV and TLG, only brain SUV e, and TLG remained
significant predictors of WL > 10% (Table 3). Moreover, using brain SUV ¢,k normalized
by lean body weight (i.e., SUL) or by glycemia (i.e., SUVy,) did not change the results:
brain SUL or brain SUVyy,, were lower in patients who lost 10% or more of their usual
weight (Supplementary Table S1).

A cut-off value of 7.32 for brain SUV ,¢ai determined with the analysis of the ROC
curve (AUC 0.863) was able to predict WL > 10% with a high specificity of 0.97, but with a
low sensitivity 0.53. Similar trends were observed with ROC analysis of TLG but AUC was
lower; i.e., 0.743 (Table 4).
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Figure 2. I8E-FDG-fused PET/CT axial slices passing through the brain (A,C) and Maximal In-
tensity Projection, anterior view (B,D), of patient 1 presenting with low brain '8 F-FDG uptake
(brain SUV peqi = 5.89) and a body weight loss of 10% compared to usual weight and patient 2 present-
ing with higher brain '8F-FDG uptake (brain SUVpeak= 10.17) and a body weight loss of 8% compared
to usual weight. Arrows depicting oesophageal tumors in both patients.

Table 3. Multivariate logistic regression predicting weight loss > 10%. Covariables with p < 0.1 in
univariate analysis were chosen as adjustment variables, i.e., age at diagnosis (categorical), BMI on
TEP scan day (categorical), Brain SUV ,¢qx (categorical), Spleen SUV pe i (categorical), Liver SUV e,
(categorical), Glycemia before PET (mg/dL) (continuous), TLG (continuous), MTV (continuous).

Odds Ratio p>lzl 95% CI
TLG 1.004 0.031 1.000-1.009
Brain SUV peax
<8.82 (median) 1
>8.82 0.098 <0.001 0.028-0.346

Table 4. ROC analysis of PET variables associated with weight loss. AUC, area under the ROC curve.

Optimal  # Patients

Optimal  # Patients

Variables AUC Cut-Point above AUC Cut-Point above
Value Cut-Point Value Cut-Point
WL > 5% WL > 10%
Brain SUV peax NA 0.863 7.32 10
MTV 0.763 12.03 21 0.717 40.78 5
TLG 0.748 107.86 27 0.743 291.1 7

3.3. TLG and Brain SUV ey Associated with Survival

The median follow-up period was 28.7 months. Using Kaplan Meier analysis and
groups split at the median value, none of the PET variables significantly affected OS. Only
the presence of distant metastasis, BMI on the day of the PET scan and WL > 10% were
prognostic factors (Table 5, Figure 3A). When cut-off values determined by ROC analysis to

146



Nutrients 2023, 15, 3042

predict WL were used (Table 5), both brain SUV pe,x and TLG were significant prognostic
factors (Table 5, Figure 3B,C).

Table 5. Univariate Kaplan Meier analysis of overall survival. Cut-offs defining groups of patients
are median unless otherwise specified; for variables predictive of 10%WL in multivariate logistic
regression, cut-offs were determined by ROC analysis. Median are indicated in Table 1, column 2.
HR: Hazard Ratio; CI: Confidence Interval.

Variables Cut-Off HR 95% CI 4
Glycemia before PET (mg/dL) 99.5 (median) 1.82 [0.801-4.12] 0.137
Sex (female) yes/no 1.82 [0.546-6.07] 0.218
Age at diagnosis 64 (median) 0.902 [0.405-2.01] 0.798
Distant metastasis yes/no 3.77 [0.871-16.3] 0.002 *
History of former cancer yes/no 0.975 [0.406-2.34] 0.954
Usual BMI, kg-m’2 27.2 (median) 1.21 [0.543-2.71] 0.631
BMI (on the day of PETscan), kg-m’2 24.6 (median) 0.409 [0.181-0.924] 0.0268 *
Weight loss >5% vs. <5% 2.19 [0.98-4.94] 0.083
>10% vs. <10% 417 [1.52-11.5] 5.88 x 1075 *
Brain SUVpeak 8.8 (median) 0.634 [0.274-1.47] 0.241
<7.32vs. >7.32 0.31 [0.0785-1.22] 0.0065 *
Liver SUVpeak 2.8 (median) 1.08 [0.484-2.43] 0.844
Spleen SUV peai 2.3 (median) 1.16 [0.52-2.57] 0.722
Bone marrow SUV peak 1.7 (median) 1.11 [0.496-2.48] 0.798
Muscle SUVmean 0.7 (median) 1.29 [0.581-2.88] 0.528
Primary tumor SUV peax 11.4 (median) 0.954 [0.428-2.13] 0.908
MTV 11.4 (median) 2.15 [0.96-4.82] 0.0616
TLG 125.8 (median) 1.68 [0.736-3.85] 0.192
<291 vs. >291 2.89 [0.568-14.7] 0.038 *

* indicated p < 0.05.

In a cox multivariate model (Log likelihood = —67.31) including all variables with
p < 0.1 in cox univariate analysis (i.e., distant metastasis, BMI on the day of the PET
scan, WL > 10%, brain SUV,ea, MTV and TLG), only the presence of distant metas-
tasis and WL > 10% were associated with overall survival (HR = 2.97, p = 0.046 and
HR = 4.35, p = 0.015 respectively), indicating that brain SUV pe,x, and TLG are not indepen-

dent prognostic factors.
A. Weight loss
Ty | — >10%
T === <10%
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[ [Ty S
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Survival probability
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Figure 3. Cont.
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Figure 3. Kaplan-Meier curves with respect to weight loss > 10% (A), brain SUVpe,x (B) or Total
Lesion Glycolysis (TLG) (C). The number at risk is indicated below the x-axis. For brain SUV ,eqx and
TLG, groups of patients were defined according to cut-off values determined by the ROC analysis.

4. Discussion

Using data obtained from routine '®F-FDG PET-CT, we showed that, in patients at
diagnosis of esophageal cancer, WL correlated with high TLG but also with low brain
SUVpeak- In addition, in the univariate analysis, both TLG and brain SUV ¢,k were pre-
therapeutic prognostic factors in these patients, possibly in connection with weight loss. In
this group of patients, weight loss did not associate with SUV ¢, measured in the liver,
the spleen, bone marrow or muscle. This specificity of the brain results cannot be simply
explained by the higher amplitude of the signal observed in the brain, as tumor SUVs are
similarly high and do not differ between WL categories.

WL > 5% within the past 6 months or WL > 10% beyond 6 months defines mal-
nutrition in the context of cancer [9]. Lower brain SUVs are specifically associated with
more pronounced WL, i.e., >10%, whereas higher TLG is associated with both high and
more moderate WL; i.e., >5%. A recent study has shown a significant association between
esophageal tumor SUV .« and weight loss. Although we found a similar association
between TLG and weight loss, SUV ,ea were not significantly associated with weight loss
in our group of patients [13]. To our knowledge, this is the first clinical report of the associa-
tion of a routine '8F-FDG uptake measurement in the brain with malnutrition and survival
in patients just diagnosed with esophageal cancer. It was made possible because of the
unique and systematic survey and filing of patients” weight history by dedicated dieticians
in our clinical center [24]. In a cachexia-inducing murine model of adenocarcinoma, brain
uptake was significantly higher in cachexic mice compared to the group of non-cachexic
mice; the reason for this discrepancy with our results is unclear, but it may be explained by
the inherent limitations of the preclinical model when compared to the patients [25].
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The association of weight loss with high TLG may be explained by the higher metabolic
burden of a high-volume tumor, as well as by the larger hindrance of such a tumor on the
esophagus, hence limiting food intake. It is more difficult to explain the correlation between
weight loss and brain SUV pe k. The SUV of a given organ is key as the brain depends on its
intrinsic metabolic properties, but also on several other parameters [26]. Systemic changes
in body composition, especially changes in the fraction of fat mass, may indeed affect the
biodistribution of the tracer. For instance, liver, blood and spleen SUVs are overestimated
in obese persons compared to non-obese persons [22,27,28]. The normalization of SUVs by
lean mass was introduced in order to circumvent this effect. The opposite phenomenon, i.e.,
the underestimation of tissue SUVs, may explain our results in undernourished patients
who might have lost more fat than lean mass. However, lower SUVs were specifically
observed in the brains of undernourished persons and not in other tissues. After normal-
ization to lean mass estimated by predictive equations [20,21], brain SUVs were still lower
in patients who lost > 10% of their initial weight (Supplementary Table S1). One cannot
exclude that '®F-FDG uptake in voluminous tumors may reduce the amount of '8F-FDG
available for uptake in the brain, but, in this case, a similar trend should have been observed
in other tissues [29]. Moreover, we did not find any correlation between TLG and brain
SUVpeak (Supplementary Figure S1C).

The blood glucose concentration may also affect SUVs, as endogenous glucose com-
petes with the tracer and brain SUVs are known to be highly sensitive to glycemia [30-32].
In our group of patients, the blood glucose concentration was slightly higher in patients
who lost 10% or more of their weight compared to patients who lost less than 10% of their
weight (Table 1), indicating glycemia to be a possible confounding factor. However, brain
SUVs reduction persisted in multivariate analysis after adjustment for glycemia, sex or age.
In addition, when corrected for blood glucose [22], brain SUVy, were still significantly
lower in patients who lost 10% or more of their weight (Supplementary Table S1).

The pathophysiology underlying the reduced '®F-FDG uptake in the brain of un-
dernourished patients is unknown. The brain relies almost exclusively on glucose as an
energy source and reduced cerebral glucose metabolism may be an adaptive mechanism to
reduced nutrient availability. In agreement with this hypothesis, starvation was shown to
be associated with decreased glucose consumption, specifically in the brain [33-35], and
glycolytic flux and phosphofructokinase activity were significantly reduced in the neurons
of starved mice [36]. Instead of glucose, neurons have been proposed to use ketone bodies
as complementary fuel, which may decrease brain glucose uptake [36-40].

A decrease in brain SUVpeak was only observed with WLs > 10%, which corresponds
to stage 2/severe malnutrition [9]. Severe malnutrition may indeed correspond to extreme
metabolic states, e.g., starvation and ketogenesis (cf above), which are associated with brain
hypometabolism. A lesser weight loss may not trigger such a metabolic switch.

Several medical conditions, especially in neurology and psychiatry, have been shown
to be associated with changes in '8F-FDG uptake in the brain. Alzheimer’s disease is asso-
ciated with low '8F-FDG uptake in specific regions of the brain depending on the severity
and the duration of the disease [41]. '®F-FDG uptake is also lower in the frontal cortex of
schizophrenia patients [42] or in the thalami of patients with delirium [43]. It is unknown
whether and how these observations relate to the lower '8F-FDG uptake described here, but
the prevalence of mood disorders is high among patients with esophageal cancer, impacting
their quality of life and pain perception [44,45].

As shown by others and confirmed in this study, WL is a strong prognostic factor in
esophageal cancer. In our population, brain SUV . and TLG were also pre-therapeutic
prognostic factors when cut-off values predictive of WL were used in the univariate analysis.
TLG has already been identified as a prognostic factor, but not brain SUV pe.i [46]. Their
prognostic value is lost in multivariate Cox models, suggesting that brain SUVpeak or TLG
are not independent prognostic factors and affect survival because of their association with
other factors; e.g., WL.
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This study has several limitations: it was retrospective, performed at a single clinical
center and, above all, included a small number of patients, mostly as a consequence of the
exclusion criteria requiring the inclusion of the brain in the full body scan. Additional work
on a larger cohort will be necessary to confirm our results. Moreover, though statistically
significant, data supporting the prognostic value of brain SUV ¢, and TLG relied on a
small number of patients, especially within the group with the lowest OS (Figure 2), and
must be confirmed with a larger group of patients. The clinical significance of our findings
is not yet clear. Although brain SUV e, are indicative of severe weight loss, they are
obviously not a substitute for the clinical approach; i.e., taking the patient’s actual weight
and history. However, low brain SUV ¢, could trigger nutritional assessment if it has not
been carried out at the time of the PET scan.

This work revealed a so far unnoticed association between malnutrition and routine
I8E-FDG uptake measurements in the tumors and, more surprisingly, brains of patients
diagnosed with esophageal cancer. It may open up new avenues of research aimed at
understanding the systemic consequences of malnutrition, especially on the central nervous
system and its cognitive and behavioral functions.
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weight difference (B). Correlations beween brain SUVpeak and TLG (C). Spearman correlation
coefficient and p-value of observing the null hypothesis. Table S1: Brain ¥FDG uptake values
normalized to lean body mass or blood glucose according to weight loss.
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Abstract: The adverse effects of chemotherapy are more apparent in elderly patients and lead to
worse prognosis and mortality. Identifying immunonutritional risk factors is of great importance
in terms of treatment effectiveness, prognosis, and mortality in geriatric oncology. The modified
Glasgow prognostic score (mGPS) is an immunonutritional index based on serum CRP and albumin
levels. In this study, we aimed to investigate the role of mGPS in predicting prognosis and survival
in elderly patients with gastric cancer receiving perioperative FLOT treatment. We retrospectively
enrolled 71 patients aged over 65 years and grouped them according to their pretreatment mGPS
score. Kaplan-Meier and Cox regression analysis showed overall survival was significantly worse in
the mGPS 1 and mGPS 2 groups than in the mGPS 0 group (p = 0.005 and p < 0.001, respectively).
Compared to the mGPS 0 group, the mGPS 1 group had a 6.25 times greater risk of death (95% CI:
1.61-24.28, p = 0.008), and the mGPS 2 group had a 6.59 times greater risk of death (95% CI: 2.08-20.85,
p =0.001). High BMI was identified as a significant risk factor for being in the mGPS 2 group (OR:
1.20, 95% CI: 1.018-1.425, p = 0.030). In conclusion, elevated pretreatment mGPS was associated with
poor overall survival in elderly patients with gastric cancer treated with perioperative FLOT therapy.
As such, pretreatment mGPS can be a simple and useful tool to predict mortality in this specific
patient group.

Keywords: modified Glasgow prognostic score; gastric cancer; neoadjuvant chemotherapy; FLOT;
elderly; prognosis; survival

1. Introduction

Gastric cancer ranks as the fifth most prevalent cancer and the third leading cause of
cancer-related deaths globally, with an annual incidence exceeding one million cases [1].
65% of gastric cancer cases are diagnosed at locally advanced or advanced stages and have
a poor prognosis [2]. In the early stage, the main treatment is surgery, and multimodal
treatments, including adjuvant, neoadjuvant chemotherapy, and radiotherapy treatments,
improve survival rates. Previously, neoadjuvant chemotherapy has been shown to provide
5-year overall survival (OS) rates ranging from 36% to 38% in cases of early-stage gastric
cancer [3,4]. The FLOT regimen as neoadjuvant therapy in operable gastric cancers was
demonstrated by the Medical Research Council Adjuvant Gastric Infusional Chemotherapy
(MAGIC) study that 5-Fluorourasil (5-FU), leucovorin, oxaliplatin, and docetaxel were
effective [3], and later became the standard treatment as it showed a survival advantage
over other chemotherapy regimens with the FLOT4-Arbeitsgemeinschaft Internistische
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Onkologie (AIO) study [5]. In these studies, the FLOT regimen has been shown to be
effective and tolerable in geriatric patients with an Eastern Cooperative Oncology Group
(ECOG,) score of 0 or 1, which constitutes approximately 20-30% of all patient groups [3,5].

There are several predictive prognostic factors to identify high-risk gastric cancer,
including age, gender, pretreatment weight, primary tumor site, tumor size, number of pos-
itive and negative lymph nodes resected, negative surgical margins, depth of invasion, and
lymphovascular invasion [6-8]. Inflammation, an important cause of cancer development
and progression, is also associated with poor prognosis [9]. Inflammatory markers such as
lymphocytes, neutrophils, or inflammation-related C-reactive protein (CRP) and albumin
have prognostic significance in cancer patients and have also been used as mortality indi-
cators [10,11]. In addition, many inflammatory indices such as platelet/lymphocyte ratio
(PLR), CRP/albumin ratio (CAR) [12], inflammatory prognostic index (IPI) [13], prognostic
nutritional index (PNI) [14], and controlling nutritional status score (CONUT) [15] have
been used as prognostic and mortality markers in gastric cancer patients. Despite all these
prognostic indicators, novel markers are needed as the response to treatment and clinical
course of patients differ. Recently, the modified Glasgow prognostic score (mGPS) in
cancer patients has been used as a new indicator to determine the prognosis and survival
of patients [16-18]. The prognostic value of mGPS was also confirmed in gastric cancer.
However, its prognostic value in patients receiving neoadjuvant treatment is unknown [19].
However, there are no sufficient clinical studies and real-time patient experience in the
literature regarding indicators that predict prognosis and survival in elderly patients with
operable gastric cancer treated with the perioperative FLOT regimen. There is also a need
for a prognostic tool to guide the decision-making process regarding the allocation of
neoadjuvant therapy in this patient population. In this study, we aimed to investigate the
importance of mGPS on prognosis and mortality in elderly patients with locally advanced
gastric cancer treated with perioperative FLOT therapy.

2. Materials and Methods
2.1. Patients and Datasets

This study retrospectively enrolled 71 patients with gastric cancer aged over 65 years
who were treated with perioperative FLOT at Cukurova University Balcali Hospital from
January 2013 to July 2023. We included patients over 65 years of age with locally advanced
(stage 2 and 3) gastric and gastric esophageal junctional cancer who accepted preoperative
chemotherapy treatment, were compatible with treatment, and had an ECOG performance
score of 0 or 1. The criteria for exclusion of patients are as follows: (i) under 65 years
of age, patients with (ii) early stage (stage 1) gastric cancer, (iii) metastatic disease and
previous surgery, (iv) liver and kidney failure, stage 3-4 heart failure and stage 3—4 chronic
obstructive pulmonary disease (COPD), (v) a low ECOG performance score (ECOG > 2),
(vi) missing data on the biochemical and pathological findings shown in Table 1, and (vii)
patients who could not adapt to treatment (mental health problems, hypersensitivity to
drugs, etc.).

The perioperative FLOT regimen required the following drugs to be administered
biweekly for four cycles in both the preoperative and postoperative periods; “Docetaxel at
a dose of 50 mg/ m? (1h), oxaliplatin at a dose of 85 mg/ m? (2 h), and folinic acid at a dose
of 200 mg/m? (2 h) by intravenous infusion on the first day, followed by a 24-h intravenous
infusion of 2600 mg/ m? of 5-fluorouracil”.
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Table 1. The characteristics of elderly patients with gastric cancer treated with perioperative FLOT
(Mean =+ SD or 1 [%]).

Variables Total (n =71) mGPS 0 (1 = 41) mGPS 1 (n =15) mGPS 2 (n =15) p-Value
Age (years) 68.9 + 4.16 69.7 £ 4.29 67.7 £ 418 68.0 & 3.48 0.117
Gender (male/female) 50/21 29/12 11/4 10/5 0.982
BMI (kg/m?) 24.6 +3.82 23.7 £3.27 252 +3.34 26.4 + 4.99 0.064
ECOG-PS (0/1) 60/11 33/8 13/2 14/1 0.525
Tumor subtype
Adenocarcinoma 53 [74.6] 31[75.6] 12 [80] 10 [66.7]
Mucinous adenocarcinoma 2[2.8] 2[4.9] 0 0 0.567
Signet-ring cell carcinoma 16 [22.5] 8[19.5] 31[20] 5[33.3]
Tumor location
Cardia 29 [40.8] 16 [39.0] 10 [66.7] 3120]
Corpus 14[19.7] 8 [19.5] 1[6.7] 5[33.4] 0126
Antrum 21 [29.6] 14 [34.1] 3[20] 4[26.7] :
Esophagogastric junction 719.9] 3[7.3] 1[6.7] 31[20]
Lauren classification
(Intestinal / Diffuse) 63/8 35/6 15/0 13/2 0.250
3/10/27/28/3 2/8/17/12/2 1/2/5/6/1 -/-/5/10/-
T Stage (T1/T2/T3/T4a/T4b) [42/14.1/38/39.5/42]  [4.9/19.5/41.4/29.3/49]  [6.7/13.3/33.3/40/6.7] [-/-/333/66.7/-1 0.374
7/21/22/18/3 5/16/12/8/- 2/3/5/3/2 -/2/5/7/1
N Stage (NO/N1/N2/N3a/N3b) - 19.9/29.6/31/253/42]  [122/39/293/195/-]  [133/20/33.3/20/133]  [-/13.3/333/46.7/6.7] 0.038
Radiologic response
Complete response 15[21.1] 12[29.3] 2[13.3] 1[6.7]
Partial response 30 [42.3] 20[48.8] 5[33.3] 5[33.3] 0123
Stable disease 21 [29.6] 9[22.0] 7 [46.7] 5[33.3] -
Progressive disease 5[7.0] - 1[6.7] 4126.7]
Pathologic response
Complete response 24 [33.8] 16 [39.0] 4126.7] 1[6.7] 0.486
Residual disease 47 [66.2] 25 [61] 11[73.4] 14[93.3] -
Neutrophil count (/L) 497 +1.89 4.70 +1.87 479 +1.78 4.97 +1.67 0.996
Lymphocyte count (/L) 194 £1.15 1.71 £ 049 1.79 £ 0.46 1.97 £0.95 0.807
Hemoglobin (g/dL) 12.1 £+ 2.03 11.7 £ 1.87 12.1 +£2.87 122+1.52 0.730
CRP (mg/dL) 10.0 (0.34-156.0) 45 (2.0-10.0)° 15.0 (12.0-30.0) ® 31.0 (16.0-65.0) b <0.001
Albumin (g/dL) 3.59 + 047 3.68 £0.39° 3.83+0.18? 297 +031° <0.001
Preoperative CEA (ng/mL) 4.0 (0.33-74.0) 3.49 (0.51-9.30) @ 2.85 (0.33-74.0) b 6.1 (1.59-42.0) ® 0.027
Preoperative CA 19-9 (U/mL) 11 (0.3-2307.0) 5.20 (0.3-276.0) * 13.5 (0.4-2307.0) >0 60.0 (0.5-1792.0) ® 0.004
PNI 36.2 +4.78 37.34+3.99? 38.7 +2.87 20 30.5 +4.07° <0.001
GNRI 52.0 +7.23 50.5 + 6.32 53.5 + 6.42 54.7 +9.47 0.139

Values with different superscripts (* b) in the same row indicate significant differences as a result of post hoc
analysis. mGPS, modified Glasgow prognostic score; SD, standard deviation; BMI, body mass index; ECOG-PS,
Eastern Cooperative Oncology Group (ECOG) Performance Status; CRP, C-reactive protein; CEA, carcinoem-
bryonic antigen; CA 19-9, cancer antigen 19-9; PNI, prognostic nutritional index; GNRI, geriatric nutritional
risk index.

Biochemical, radiological, and pathological findings of the patients were collected from
medical records. The Union for International Cancer Control (UICC) tumor node metastasis
(TNM) classification was used for the classification of clinicopathological factors [20]. Com-
plications after neoadjuvant FLOT therapy and preoperatively were classified according
to Clavien-Dindo (CD) grade [21]. Tumor markers, including carcinoembryonic antigen
(CEA) and cancer antigen 19-9 (CA19-9), were evaluated before preoperative chemotherapy
and surgery, and radiological responses to FLOT treatment were assessed with positron
emission tomography and computed tomography (PET-CT). Clinical response was also
assessed by pre- and postoperative endoscopic examination. Pathological response was
evaluated by performing pathological examination of tissue samples taken after surgery.

2.2. Immunonutritional Indexes

We used mGPS as a prognostic factor, calculated based on serum albumin and CRP
levels and categorized as 0, 1, and 2;
e A score of 0 for CRP serum levels within the normal range (<10 mg/L),
e Ascore of 1 for high CRP serum levels (>10 mg/L) and serum albumin levels within
the normal range (>3.5g/dL),
e  Ascore of 2 in the presence of both high CRP serum levels (>10 mg/L) and hypoalbu-
minemia (<3.5 g/dL) [22].
In this study, we also calculated two additional immunonutritional indices, including
PNI and geriatric nutritional risk index (GNRI), according to the following formulas:
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e  PNI =serum albumin (g/L) +5 x total lymphocyte counts (10° /L) [23].
e  GNRI=1.487 x albumin (g/L) + 41.7 x current body weight (kg)/ideal body weight
(kg). Ideal body weight = height? (m?) x 22 kg/m? [24].

2.3. Patient Follow-Up

Survival analysis included the time from the date of diagnosis until death caused by
any reason. Data from two of the 71 included patients were lost to follow-up and could
not be included in the survival analysis. The follow-up period for the mGPS 0 (n = 41),
mGPS 1 (n = 14), and mGPS 2 (n = 14) groups was 60 months, 15 months, and 38 months,
respectively.

2.4. Ethical Approval

Ethical approval was received from the Cukurova University Faculty of Medicine
Non-Interventional Clinical Research Ethics Committee with decision number 54 on 7
April 2023.

2.5. Statistical Analysis

All statistical analyses were performed using Statistical Package for the Social Sciences
(SPSS) software (IBM SPSS Statistics for Windows, Version 22.0. Armonk, NY, USA) and
Jamovi 2.3.28 statistical software (The Jamovi project, Sydney, Australia). The normality of
all variables was tested with Shapiro Wilk) test. Data are presented as mean, standard devi-
ation, frequency, and percentage. Data were analyzed by Student’s t-test, Mann Whitney
U test, Kruskal Wallis test, one-way analysis of variance (ANOVA), Pearson Chi-square
analysis, Cox regression analysis, Kaplan Meier survival analysis, and multinomial logistic
regression analysis. Statistical significance was assigned at a p-value of less than 0.05.

3. Results

We identified 71 patients with gastric cancer, aged 65 years or older, who were treated
with perioperative FLOT. The mean and standard deviation for the age and BMI of the
study population were 68.9 & 4.16 years and 24.6 + 3.82 kg/ m?2, respectively. Complete
clinical follow-up for survival analysis was available for 69 patients. Patients were divided
into three groups according to their pretreatment mGPS: mGPS 0 (n = 41), mGPS 1 (n = 14),
and mGPS 2 (n = 14). The follow-up period was 60 months for the mGPS 0, 15 months for
the mGPS 1, and 38 months for the mGPS 2 group. The general characteristics of patients
across the mGPS are presented in Table 1. Compared with those in the mGPS 0 group,
patients in the mGPS 1 and mGPS 2 groups had higher serum CRP levels (p < 0.001). Also,
patients in the mGPS 2 group had lower albumin levels compared to mGPS 0 and mGPS 1
group (p < 0.001). Additionally, a significant difference was observed between the mGPS 1
and mGPS 2 groups in terms of preoperative CEA and CA 19-9 levels (p = 0.004). While
there was no difference between mGPS 0 and mGPS 1, and mGPS 1 and mGPS 2 groups,
patients with the highest mGPS values had lower PNI scores than those with the lowest
(p < 0.001). No other significant difference was found between the mGPS groups in terms
of general characteristics (p > 0.05).

As a result of the 60-month (5-year) survival follow-up of these patients, there were
5 deaths in the mGPS 0 group, four deaths in the mGPS 1 group, and seven deaths in
the mGPS 2 group (Figure 1, Table 2). According to Cox regression analysis, the survival
times of mGPS 1 and mGPS 2 groups were significantly shorter than mGPS 0. Compared
to the mGPS 0 group, the risk of death in the mGPS 1 group was 6.25 times higher (95%
CI: 1.61-24.28, p = 0.008) and 6.59 times higher in the mGPS 2 group (95% CI: 2.08-20.85,
p =0.001) (Table 2).
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Survival curves for mGPS
Based on Kaplan-Meier estimates
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Figure 1. Survival analysis of patients according to mGPS group. Survival analysis was performed
on 69 patients (2 patients were lost to follow-up).

Table 2. Median Survival Table: Levels for mGPS.

Numbers of Event Time (Months) Cox Table-mGPS Pairwise Comparisons

mGPS
Levels Records Events Median HR (95% CI) Level p-Value
mGPS 0 41 5 NA - 1-0 0.005
6.25
mGPS 1 14 4 13.00 (1.61-24.28), p = 0.008 2-0 <0.001
mGPS 2 14 7 9.53 659 2-1 1.000

(2.08-20.85), p = 0.001

p-value adjustment method: Bonferroni. mGPS, modified Glasgow prognostic score; HR, hazard ratio; CI,
confidence interval. Survival analysis was performed on 69 patients (2 patients were lost to follow-up).

In the mGPS 0 group, the survival rates of the patients were 88.0% at the end of the 1st
year and 84.4% at the end of the 5th year. The follow-up period of the mGPS 1 group was
15 months, and the survival rate at the end of the first year was 55.7%. While the 1-year
survival rate of the mGPS 2 group was 45.8%, this rate was found to be 30.6% at the end of
the 3rd year. The survival rate of the mGPS 0 group was statistically significantly higher
compared to the mGPS 2 group (p < 0.001) (Table 3). The follow-up period was 60 months
in the mGPS 0 group and 38 months in the mGPS 2 group.

Table 3. 1-year, 3-year, and 5-year survival rates of patients according to mGPS group.

Levels Time (Months) Number at Risk Number of Events Survival Lower Upper
12 26 4 88.0% 77.6% 99.8%

24 10 1 84.4% 72.7% 98.0%

mGPS 0 36 7 0 84.4% 72.7% 98.0%
48 1 0 84.4% 72.7% 98.0%

60 1 0 84.4% 72.7% 98.0%

mGPS 1 12 2 3 55.7% 24.1% 100.0%
12 5 6 45.8% 24.1% 87.2%

mGPS 2 24 2 1 30.6% 10.9% 85.3%
36 1 0 30.6% 10.9% 85.3%

mGPS, modified Glasgow prognostic score.
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As a result of the multinominal logistic regression analysis created to estimate the
effect of BMI on the mGPS group, while the change in BMI did not affect the risk of being in
the mGPS 1 group, it was found that each unit increase in BMI increased the risk of being in
the mGPS 2 group by 1.20 times (20%) (OR: 1.20, 95% CI: 1.018 to 1.425, p = 0.030) (Table 4).

Table 4. Multinomial logistic regression analysis of the association between BMI and mGPS.

mGPS Predictor Estimate SE Z Score p-Value OR 95% Cl1
1-0 Intercept —3.803 2.1284 —-1.79 0.074 0.02229 3.44-1.445
BMI 0.115 0.0854 1.34 0.179 1.12149 0.949-1.326
2-0 Intercept —5.706 2.1962 —2.60 0.009 0.00333 4.49-0.246
BMI 0.186 0.0859 2.16 0.030 1.20426 1.018-1.425
mGPS, modified Glasgow prognostic score; BMI, body mass index; SE, standard error; OR, odds ratio; CI,
confidence interval.
The relationship between mGPS and preoperative complications was examined, and
there was no statistically significant difference between the mGPS groups in the elderly
patients with gastric cancer treated with perioperative FLOT (p > 0.05) (Table 5).
Table 5. The relationship between mGPS and preoperative complications in elderly patients with
gastric cancer treated with perioperative FLOT.
mGPS 0 (n = 41) mGPS 1 (n = 15) mGPS 2 (n = 15)
None G1-2 G3-4 None G1-2 G34 None G1-2 G3-4 p-Value
Dose deferral 29[707]  12[29.3] - 8[53.3] 7[46.7) - 12 (80.0] 3[20.0] - 0162
G-CSF prophylaxis 6[14.6] 35[85.4] - 2[13.3] 13 [86.7] - - 15 [100.0] - 0320
Grade 3/4 toxicity 30[732]  11[26.8] - 11[73.3] 4[267] - 13 [86.7] 2[13.3] - 0.294
Dose reduction 26 [63.4] 15 [36.6] - 10 [66.7] 5[33.7] - 12 [80.0] 3[20.0] - 0.295
Fatigue 9[22] 32[78.0] - 5[33.3] 9 [60.0] 1[6.7] 1[6.7] 14 [93.3] - 0.135
Hand-foot 29[707]  12[293] - 9160.0] 6[40.0] - 13 [86.7] 2[133] - 0.306
syndrome . : : : ’ : :
Neutropenia 23[56.1]  14[341] 4[9.8] 7[46.7) 4[267]  4[267) 11(73.3] 4[26.7] - 0.150
Anemia 19[463]  21[51.2] 1[24] 8[53.3] 7[46.7] - 4[267] 10 [66.6) 1[6.7) 0593
Thrombocytopenia 28[683]  13[317] - 12[80.0] 3[20.0] - 9 [60.0] 6[40.0] - 0.610
Febrile neutropenia 33 [80.5] 8[19.5] - 11[73.3] 4[26.7] - 12/[80.0] 3[20.0] - 0.702
Mucositis 23[561]  17[415] 1[24] 8[53.3] 7[46.7] - 12 [80.0] 2[13.3] 1[6.7] 0293
Diarrhea 13[317]  27[659] 1[24] 4[26.7] 11[73.3] - 3[20.0] 11[73.3] 1[6.7] 0.846
Neuropathy 21[512]  19[463] 1[24] 8[53.3] 7[46.7] - 8[53.3] 7[46.7] - 0937
Nausea 7[17.1] 33 [80.5] 1[24] 3[20.0] 12 [80.8] - 1[6.7] 13 [86.6] 1[6.7] 0.773
Vomiting 15[36.6]  25[61.0] 1[24] 6[40.0] 9 [60.0] - 7[50.0] 7(50.0] 1[6.7) 0.845
Stomatitis 29[707]  11[26.8] 1[24] 12 [80.0] 3[20.0] - 111[73.3] 4[267] - 0.887
Allergic
complications 36 [87.8] 5[12.2] - 12 [80.0] 3[20.0] - 14193.3] 1[6.7) - 0.223
Thrombosis 36 [87.7] 5[12.2) - 14[93.3] 1[6.7] - 15 [100.0] - - 0.355
Renal toxicity 36 [87.8] 5[12.2] - 15 [100.0] - - 14193.3] 1[6.7) - 0.767
Hepatic toxicity 36 [87.8] 5[12.2] - 15 [100.0] - - 14[93.3] 1[6.7] - 0.355

mGPS, modified Glasgow prognostic score; G, grade; G-CSF, granulocyte-colony stimulating factor.

4. Discussion

In the current study, we initially explored the association between pretreatment mGPS
and prognosis and overall survival in geriatric patients with gastric cancer treated with
perioperative FLOT. Our results revealed that elevated pretreatment mGPS is associated
with poor overall survival of gastric cancer in elderly patients treated with perioperative
FLOT compared with patients with a normal mGPS. To the best of our knowledge, this
is the first study focusing on the role of mGPS in predicting prognosis and survival after
perioperative FLOT treatment in elderly patients with gastric cancer. We used mGPS, a two-
dimensional measure of malnutrition and systemic inflammation, including positive and
negative acute phase reactants (CRP and albumin), as a prognostic indicator. mGPS, which
has been shown to predict poor prognosis in solid cancers, may be suitable for use in elderly
cancer patients as it is also an indicator of inflammation and malnutrition associated with
immunosenescence [25,26]. Recently, preoperative mGPS has been reported to be a novel
and reliable predictor for overall survival and disease-free survival in surgical non-small
cell lung cancer [18]. A meta-analysis of 41 clinical trials involving 18348 patients with
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gastric cancer found that higher mGPS was associated with poorer overall survival [27].
Similarly, the predictive effect of mGPS on overall survival has been demonstrated in
different cancer types, such as pancreatic cancer [28], esophageal cancer [29], hepatocellular
carcinoma [30], renal cell carcinoma [31], and lung cancer [32]. Consistent with the literature,
our current study evinced that geriatric patients treated with perioperative FLOT and with
elevated pretreatment mGPS experienced poorer overall survival than those with normal
mGPS. A study conducted on metastatic gastric cancer patients in Turkey revealed that
mGPS was superior to PNI, cachexia index, prognostic index, neutrophil-lymphocyte ratio,
and sarcopenia index in predicting mortality [33]. A recent study reported that a high
mGPS was a significant prognostic factor for overall survival in elderly non-small cell lung
cancer patients treated with anti-programmed death 1 (PD-1) blockade (HR: 0.31 [95% CI:
0.13-0.71], p < 0.01) [25]. Similarly, in elderly patients with gastric cancer treated with
perioperative FLOT, we showed that those with mGPS 0 had significantly longer median
overall survival compared with patients with mGPS 2 (HR: 6.59 [95% CI: 2.08-20.85],
p =0.001).

Next, we compared the general characteristics of participants according to their mGPS
group, and there was no difference in terms of age, gender, and BMI. According to tumor
characteristics, there was a significant difference only in the N stages but not in the T stages.
The T-stage describes the size and extent of the tumor, while the N-stage describes lymph
node involvement [34]. Lymph node staging (N0/N1/N2/N3a/N3b) has been shown to be
one of the most important prognostic factors in resected gastric cancer [35]. When the mGPS
0 group was compared with both the mGPS 1 and mGPS 2 groups, a significant difference
emerged in the N staging of the patients. As the mGPS scores increased, the number
of lymph nodes containing cancer also increased (Table 1). We compared biochemical
parameters according to mGPS groups, and there were natural differences in serum CRP
and albumin levels, which are part of the mGPS calculation. As expected, higher serum CRP
levels and lower albumin levels were observed in the highest mGPS group. Preoperative
CEA and C19-9 levels, which indicate tumor burden, were higher in the highest mGPS
group than in the mGPS 0 group. High levels of these two tumor markers, which have
been shown to be associated with poor prognosis in gastric cancers [36-38], may indicate
the presence of a more aggressive tumor.

Malnutrition is a predictor of unfavorable clinical results in older cancer patients.
Several tools for screening malnutrition are available, though the optimal screening tool
for this specific group remains unidentified. Based on the specific screening tool used
(Nutrition Risk Screening 2002 (NRS 2002), Malnutrition Universal Screening Tool (MUST),
and Mini Nutrition Assessment Short Form (MNA-SF)), the prevalence of malnutrition in
older adults diagnosed with gastrointestinal cancer ranges from 20% to 52% [39]. Along
with these nutritional screening tools, objective indices such as PNI, CONUT, NRI, and
GNRI are used to evaluate the nutritional status of elderly cancer patients [40]. Although
the prognostic importance of mGPS in cancer patients has been demonstrated in many
studies, it is not among the diagnostic markers specific to malnutrition [40,41]. In our study,
we showed that the PNI score was statistically significantly lower in the patients with the
highest mGPS. Therefore, our findings suggested that mGPS and PNI are two tools with
similar results for assessing the risk of malnutrition in elderly patients with gastric cancer
receiving perioperative FLOT therapy. Another tool, the GNRI, was developed especially
for the assessment of malnutrition risk in elderly patients [24]. In our study, we found
that although GNRI scores tended to increase as mGPS increased, the difference was not
significant.

In addition to PNIT and GNRI, anthropometric markers such as weight loss and BMI
are also used in the assessment of nutritional status in elderly cancer patients [40]. BMI
is a simple tool that can be easily applied in clinical settings, but it does not detect the
difference between fat and muscle mass and is an indicator of the total mass. Also, it should
be noted that there is no consensus on any cut-off point of BMI to define obesity in the
elderly [42]. In our study, the mean BMI of the mGPS 2 group was 26.4 & 4.99 kg/ m?2. We
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also found that each unit increase in BMI increased the risk of falling into the mGPS 2 group
by 20%. (Table 4). This relationship can be explained by the serum CRP level, one of the
components of mGPS. The pathophysiological mechanism linking high BMI to elevated
CRP levels involves the release of pro-inflammatory cytokines (such as IL-6) by adipose
tissue, which triggers the expression and release of CRP by hepatocytes in the liver [43].
Kawamoto et al. [44] demonstrated that a BMI > 25 kg/m? was an independent risk factor
for elevated CRP levels in adults between the ages of 65-74.

Previously, several studies have indicated that the preoperative nutritional status
stands as an independent predictor of postoperative complications in geriatric cancer pa-
tients [45—48]. In a study conducted on geriatric patients with rectal cancer in Turkey, it has
been reported that the mGPS and the CAR can predict serious postoperative complications
and mortality [49]. Another study showed that mGPS was an independent predictor of
major postoperative complications in elderly patients treated with radical cystectomy for
urothelial bladder cancer [50]. A recent prospective study demonstrated that gastrointesti-
nal cancer patients with higher mGPS were associated with postoperative complications,
including requirements for blood transfusion, superficial surgical site infections, and sep-
sis [51]. Although the use of neoadjuvant chemotherapy in patients who underwent liver
resection due to colorectal liver metastases was more prevalent in the mGPS > 1 group
than in those with mGPS 0, no relationship was found between preoperative mGPS and
postoperative severe complications [52]. Similarly, our findings did not reveal any relation-
ship between pretreatment mGPS and preoperative complications following neoadjuvant
FLOT treatment (Table 5). No difference was observed between mGPS groups in terms
of treatment-related serious side effects and chemotherapy response in geriatric patients
receiving perioperative neoadjuvant FLOT treatment. In addition, similar radiological and
pathological responses were observed in all three groups. In terms of toxicity, all patients’
treatments were completed, and chemotherapy was not discontinued due to serious side
effects. Therefore, we speculated that perioperative neoadjuvant FLOT therapy was an
effective and safe treatment regimen in geriatric gastric cancer patients. On the other hand,
the limited number of cases in our study could potentially explain this result. Apart from
this, our single-center retrospective study has its own limitations, such as some selection
and information bias. In this study, we defined the elderly patient as >65 years of age, and
due to our limited number of cases, we could not evaluate our results according to age
ranges. On the other hand, due to the increase in life expectancy and the increase in the
population of individuals over the age of 80, prospective, multicenter studies with larger
samples are needed.

5. Conclusions

The benefit of neoadjuvant treatments in the geriatric age group is more limited due
to the physiological and metabolic consequences of aging. Due to the low expectation of
efficacy and high toxicity of neoadjuvant therapy in elderly patients, patients who could
potentially benefit may be overlooked and deprived of the expected benefit. Nevertheless,
this study evinced that high pretreatment mGPS was associated with poor overall survival
in geriatric patients with gastric cancer treated with perioperative FLOT. In conclusion,
pretreatment mGPS may be a simple and useful tool to predict mortality in elderly patients
with gastric cancer treated with neoadjuvant FLOT. Determining prognostic factors in
elderly gastric cancer patients is important not only for managing the treatment of patients
but also for providing long-term benefits to patients, and further studies are required.
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