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Abstract

Patients with neuroendocrine tumours located in the gastroenteropancreatic tract

(GEP-NETs) and treatment with somatostatin analogues (SSA's) are at risk of malnu-

trition which has been reported previously evaluating weight loss or body mass index

(BMI) only. The global leadership into malnutrition (GLIM) criteria include weight loss,

BMI, and sarcopenia, for diagnosing malnutrition. These GLIM criteria have not been

assessed in patients with GEP-NETs on SSA. The effect of malnutrition on overall sur-

vival has not been explored before. The aim of this study is to describe the presence

of malnutrition in patients with GEP-NET on SSA based on the GLIM criteria and

associate this with overall survival. Cross-sectional study screening all patients with

GEP-NETs on SSA's for malnutrition using the GLIM criteria. Body composition analy-

sis for sarcopenia diagnosis were performed. Bloods including vitamins, minerals, and

lipid profile were collected. Overall survival since the date of nutrition screening was

calculated. Uni- and multivariate Cox regression analysis were performed to identify

malnutrition as risk factor for overall survival. A total of 118 patients, 47% male, with

median age 67 years (IQR 56.8–75.0) were included. Overall, malnutrition was pre-

sent in 88 patients (75%); based on low BMI in 26 (22%) patients, based on weight

loss in 35 (30%) patients, and based on sarcopenia in 83 (70%) patients. Vitamin defi-

ciencies were present for vitamin D in 64 patients (54%), and vitamin A in 29 patients

(25%). The presence of malnutrition demonstrated a significantly worse overall sur-

vival (p-value = .01). In multivariate analysis meeting 2 or 3 GLIM criteria was signifi-

cantly associated with worse overall survival (HR 2.16 95% CI 1.34–3.48, p-

value = .002). Weight loss was the most important risk factor out of the 3 GLIM
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criteria (HR 3.5 95% CI 1.14–10.85, p-value = .03) for worse overall survival. A high

percentage (75%) of patients with GEP-NETs using a SSA meet the GLIM criteria for

malnutrition. Meeting more than 1 GLIM criterium, especially if there is weight loss

these are risk factors for worse overall survival.

K E YWORD S

gastroenteropancreatic neuroendocrine tumour, malnutrition, sarcopenia, somatostatin
analogue, survival

1 | INTRODUCTION

Neuroendocrine tumours (NETs) are uncommon cancers arising from

the enterochromaffin cells.1 NETs are part of the group of neuroendo-

crine neoplasms (NEN) which also includes neuroendocrine carcinoma

(NECs). NETs and NECs differ in morphology, clinical behaviour, treat-

ment, and prognosis and should be considered as different entities.

NETs can arise anywhere in the body but the main locations are the

gastroenteropancreatic (GEP) and pulmonary tract.1,2 Diagnosing a

GEP-NET is often difficult and may take up to 3–5 years.3,4 Due to

their location in the GEP tract, patients can have symptoms of abdom-

inal pain, diarrhoea or weight loss. Treatment with surgery or somato-

statin analogues (SSA's) are the first options but can also cause

diarrhoea and weight loss.

Malnutrition is a state of nutrition in which a deficiency, excess,

or imbalance of energy, protein, and other nutrients causes measur-

able adverse effects on body form and functional or clinical out-

comes.5 Malnutrition is a multifactorial process and can be caused by

the GEP-NET, weight loss, diarrhoea, or other factors.

Malnutrition in patients with GEP-NETs has been described in

previous studies based on anthropometric data (weight loss and

body mass index (BMI)) and used different scoring systems. These

studies reported a prevalence of malnutrition between 4% and

38%6–8 and included heterogeneous populations with previous sur-

gery in 48%–60% of patients and suggesting no tumour present at

the moment of study, with use of SSA varying between 30% and

51% of patients.6–9 Only one of these studies reports the effect of

malnutrition on overall survival. In this study patients with a pan-

creas NET and low BMI have a shorter overall survival compared to

patients with a pancreas NET and normal BMI or obesity, however,

this was only in univariate analysis, and no multivariate analysis for

the BMI were performed.10

A phenotype of malnutrition is sarcopenia which is a muscle dis-

ease rooted in adverse muscle changes that occur across a lifetime, is

common among adults of older age but can also occur earlier in life,

for example, in patients with cancer.11 Sarcopenia can be measured

with several techniques but body composition analysis on cross-

sectional imaging is considered as the gold standard.11 These body

composition analysis can also diagnose adipopenia which means fat

mass depletion12 and myosteatosis which is fat infiltration in the mus-

cle and is used as surrogate marker for muscle quality.13 A few small

studies describe sarcopenia to be present in 16%–87% of patients

with GEP-NETs, however, the clinical consequences of sarcopenia are

unknown.14–16 Adipopenia and myosteatosis have not been described

in patients with GEP-NETs.

For a few years the worldwide global leadership into malnutrition

(GLIM) criteria have existed to describe the presence of malnutrition.

Which is present if there is; weight loss (>5% in past 6 months

or>10% beyond 6 months), a low BMI (<20 if age <70 years or <22 if

age >70 years), or sarcopenia in the presence of; reduced food intake

or assimilation, or inflammation (acute or chronic disease).17 The prev-

alence of malnutrition in patients with GEP-NETs based on the GLIM

criteria is lacking.

The aim of this study is to describe the presence of malnutrition

based on the GLIM criteria in a cohort of patients with GEP-NETs

including body composition analysis. A Secondary aim is to evaluate

the effect of malnutrition on overall survival.

2 | METHODS

2.1 | Study design and study population

This is a cross-sectional study screening all patients for malnutrition

with a GEP-NET treated with monthly SSA's at King's College Hospi-

tal, London between August 2018 and February 2019.

Inclusion criteria were adult patients (>18 years) with a histology-

confirmed diagnosis of GEP-NET and treatment with monthly SSA. If

there were no histology reports available, avidity on Gallium68

DOTATATE PET scan was used to confirm diagnosis.

Exclusion criteria were NET outside the GEP tract, treatment with

chemotherapy for a second cancer, presence of ascites or spinal metal

implant, and no CT scan available.

2.2 | Outcomes

The primary outcome of this study was the presence of malnutrition

according to the GLIM criteria (GLIM+).

The secondary outcomes were the presence of sarcopenia, adipo-

penia, and myosteatosis. To describe presence of deficiencies in vita-

mins, minerals, or lipids and its association with GLIM criteria. To

assess the severity of malnutrition and to explore the effect of malnu-

trition on overall survival.
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2.3 | Data collection

All patients were screened for malnutrition according to the malnutri-

tion universal screening tool (MUST score) which is based on weight,

BMI, and weight loss.5 To confirm the diagnosis of malnutrition the

GLIM criteria were used.

If there was either:

1. weight loss (>5% in past 6 months or >10% beyond 6 months) or

2. low BMI (<20 if age <70 year or < 22 if age >70 year) or

3. sarcopenia (males if the BMI <25 and skeletal muscle index (SMI)

<43 cm2/m2 or BMI >25 and SMI <53 cm2/m2 and for females

SMI <41cm2/m2), the diagnosis of malnutrition was confirmed

(GLIM+ group), as summarised in Figure 1.

The severity of malnutrition according to the GLIM criteria cannot

be analysed as no cut-off exists for severe sarcopenia.17 However, for

severity of malnutrition we calculated the number of patients meeting

1 or 2 or all 3 GLIM criteria.

The CT scan performed ± 3 months from the date of malnutrition

screening was analysed for body composition analysis. A single slice

of the CT scan at lumbar level L3 was used, as this corresponds with

total body muscle- and fat mass.18,19 Slice-O-Matic software (5.0

Rev-8, Tomovision Milletta Canada) was used. Relevant tissues were

identified based on their anatomical features and tagged with a col-

our. The software multiplies preset Hounsfield Units (HU) with pixels

for the tagged area to calculate the relevant areas. For skeletal muscle

area (SMA) the settings were �29HU to +150HU, the result was cor-

rected for height2 to get the SMI. Sarcopenia is present in males if the

BMI <25 and SMI < 43 cm2/m2 or BMI >25 and SMI < 53 cm2/m2

and for females SMI <41 cm2/m2. The median HU per SMA are used

for myosteatosis which is present if BMI <25 HU > 41 or BMI > 25

HU > 33HU (for males and females). For adipose tissue, the subcuta-

neous adipose tissue area (setting �150HU to �50HU), visceral adi-

pose tissue area (setting �190 to �30HU), and intermuscular tissue

area (setting �190 to �30HU) were analysed. These areas were

summed to get the total adipose tissue area. If this was below

364 cm2 for males and 318 cm2 for females, adipopenia was present.

Bloods were collected as non-fasted blood samples, and taken on

the day of the malnutrition screening. A stool sample pot was pro-

vided to the patient and collected at the day of malnutrition screening

or next visit. Bloods that were collected, haemoglobin level (115–

155 g/dL), mean capsular volume level (77–100 fL), albumin (35–

50 g/L), vitamin A (1.4–3.84 μmol/L), vitamin D (>50 nmol/L), magne-

sium (0.7–1.0 mmol/L), zinc (11–19 μmol/L), iron (14–30 μmol/L),

total iron binding capacity (50–72 μmol/L), iron saturation (20%–

50%), cholesterol (1.0–5.0 mmol/L), triglyceride (0.5–2.0 mmol/L),

high-density lipoprotein (HDL) cholesterol (>1 mmol/L), low-density

lipoprotein (LDL) cholesterol (1–3 mmol/L). A stool sample for faecal

elastase (>200 μg/g) was collected.

Baseline demographic characteristics were collected including, histol-

ogy details for grading- and staging according to WHO 2019 classifica-

tion.20 Primary tumours were categorised as located in small intestine,

pancreas, or other. A functional NET was present if there was evidence

of hormone overproduction. Carcinoid syndrome was diagnosed if there

was diarrhoea and/or flushing in the presence of raised

5-hydroxyindolecactic acid (5-HIAA) in the urine or raised serotonin levels

in blood.21 Tumour nodes metastasis staging was based on Union for

International Cancer Control 8th edition (2016). The World Health Orga-

nisation (WHO) performance status classification was used for vitality.

The Charleston Comorbidity index was used for comorbidity scoring,

including diabetes mellitus with or without complications.22 If patients

had symptoms of diarrhoea, loose stools, steatorrhoea, or bloating this

was suggestive for pancreatic exocrine insufficiency (PEI) due to SSA use,

and pancreatic enzyme replacement therapy (PERT) was commenced.

For the date of diagnosis, the date of histology report or first multi-

disciplinary meeting was used. For period on SSA's the recorded start

date of SSA was compared with the date of malnutrition screening. For

the period since diagnosis, the date of diagnosis was compared with

the date of malnutrition screening. The overall survival was calculated

between date of malnutritional screening and date of death or last

follow-up appointment (cut-off data collection May 2022). Disease sta-

tus was categorised as stable disease or progressive disease. When

there was documentation of progressive disease on cross-sectional

imaging or adding a type of treatment ± 3 months of malnutrition

screening those patients were coded as having progressive disease.

2.4 | Ethics

All data were collected pseudo-anonymized. The study was in accor-

dance with the declaration of Helsinki for experiments involving

humans. The health research authority United Kingdom (IRAS number

246990), approved the study.

Weight loss
>5% in past 6 months

>10% beyond 6 months

Low BMI
<20 if age <70 year
<22 if age >70 year

Sarcopenia
Male and BMI >25, 
SMI < 53 cm2/m2
Male and BMI <25, 
SMI <43 cm2/m2
Female SMI <41 
cm2/m2

GLIM criteria:
malnutrition confirmed if

OR OR

F IGURE 1 Summary GLIM criteria.
BMI, body mass index; GLIM, global
leadership into malnutrition; SMI. skeletal

muscle index.
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2.5 | Statistical analysis

Data were analysed using SPSS version 28 (IBM, New York,

United States). Data were displayed as median with interquartile

range or for categorical data as number and percentage. The Mann–

Whitney U test and Chi-square were performed to describe differ-

ences between groups. Logistic regression analysis were performed to

explore the relationship between malnutrition and deficiencies in

TABLE 1 Baseline characteristics.

Baseline characteristics N = 118 patients GLIM � N = 30 GLIM + N = 88 p-value

Sex .4

Male, n (%) 55 (47%) 12 (40%) 43 (49%)

Female, n (%) 63 (53%) 18 (60%) 45 (51%)

Age (median, IQR) 67 (56.8–75) 62 (51–69.8) 69 (59–75) .04

Ethnicity .94

White, n (%) 86 (73%) 23 (77%) 63 (72%)

BAME, n (%) 21 (18%) 6 (20%) 15 (17%)

Missing, n (%) 11 (9%) 1 (3%) 10 (11%)

WHO performance score .82

0, n (%) 31 (26%) 8 (26%) 23 (26%)

1, n (%) 71 (60%) 17 (57%) 54 (61%)

2, n (%) 15 (13%) 5 (16%) 10 (11%)

3, n (%) 1 (1%) 0 1 (1%)

Charlson comorbidity index (median, IQR) 2 (1–4) 2.5 (1–3.3) 2 (1–4) .59

Location primary tumour .83

Small intestine, n (%) 91 (77%) 25 (83%) 66 (75%)

Pancreas, n (%) 25 (21%) 5 (7%) 20 (23%)

Other, n (%) 2 (2%) 0 2 (2%)

Disease stage .7

Stage II, n (%) 2 (2%) 1 (3%) 1 (1%)

Stage III, n (%) 17 (14%) 4 (13%) 13 (16%)

Stage IV, n (%) 91 (77%) 22 (73%) 69 (86%)

Missing, n (%) 8 (7%) 3 (10%) 5 (6%)

Grading .03

G1, n (%) 74 (63%) 26 (87%) 48 (55%)

G2, n (%) 30 (25%) 4 (13%) 26 (30%)

Missing, n (%) 14 (12%) 0 14 (15%)

Functional NET, n (%) 46 (40%) 11 (37%) 35 (40%) .36

Carcinoid syndrome, n (%) 41 (35%) 10 (33%) 31 (26%) .36

Functional panNET, n (%) 4 (3%) 1 (3%) 3 (3%) .74

Other, n (%) 1 (0.8%)

Stable disease, n (%) 84 (71%) 26 (87%) 62 (70%) .76

Months since diagnosis of NET (median, IQR) 40 (14–84) 22.5 (2.3–42.5) 24 (7.8–64.8) .25

Months on SSA (median, IQR) 23 (5.5–59) 29 (21.5–61.5) 46 (12.3–94.8) .19

PERT use, n (%) N = 46 (39%) N = 7 (24%) N = 39 (45%) .04

Weight (median, IQR) 70 (59.1–82.3) 85.1 (73–95.2) 66.8 (55.9–75.7) <.001

BMI (median, IQR) 24.8 (21.7–28.7) 30.4 (26.5–34) 23.3 (20.3–25.8) <.001

Sarcopenia n (%) N = 83 (70.3%) N = 0 N = 83 (94%)

Myosteatosis n (%) N = 47 (40%) N = 11 (37%) N = 36 (41%)

Adipopenia n (%) N = 87 (74%) N = 14 (47%) N = 73 (83%)

Note: Bold indicates relevant/significant findings.

Abbreviations: BAME black, asian minority ethnicity; BMI, body mass index; IQR, interquartile range; panNET pancreatic neuroendocrine tumour; PERT

pancreatic enzyme replacement therapy, SSA, somatostatin analogue.
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blood markers. For survival analysis, Kaplan Meier curves were plot-

ted and log-rank test was performed. Cox-regression analysis was per-

formed to correct for confounders including age, sex, grading, and

disease status. A p-value of <.05 was considered significant.

3 | RESULTS

3.1 | Baseline characteristics

A total of 118 patients underwent malnutrition screening and were

included in this study. There were 55 male patients (47%) with a

median age of 67 years (IQR 56.8–75.0). At the moment of malnutri-

tion screening, the median period since the diagnosis of the GEP-NET

was 40 months (IQR 14–84 months) and the median period on SSA's

was 23 months (IQR 5.5–59 months). Baseline characters are sum-

marised in Table 1. Details of SSA use were: Lanreotide 60 mg

monthly in 4 patients (3%), Lanreotide 90 mg monthly in 14 patients

(12%), Lanreotide 120 mg monthly in 49 patients (42%), Lanreotide

>120 mg monthly in 2 patients (2%), Sandostatin 20 mg monthly in

9 patients (8%), Sandostatin 30 mg monthly in 31 patients (26%), San-

dostatin >30 mg monthly in 9 patients (8%).

Ninety one patients (77%) had metastatic disease, located in one

or more of the following locations: liver n = 83 (70%), bones n = 15

(13%), lymph nodes n = 7 (6%), mesentery n = 5 (4%), or other n = 11

(9%). Prior to inclusion 88 patients (75%) had surgery, 8 patients had

embolization of liver metastases (7%), 38 patients had treatment with

PRRT (32%), 10 patients had chemotherapy (8%), 5 patients had treat-

ment with everolimus (4%) and 2 patients had treatment with

sunitinib (2%).

3.2 | Nutritional outcomes

In total 88 patients (75%) met the GLIM criteria for malnutrition

(GLIM+ patients).

The median BMI was 25.0 (IQR 22.5–28.8). There were 7 (6%)

patients with BMI <18.5, 52 (44%) patients with BMI 18.51–24.99,

33 (28%) with BMI 25.0–29.99, and 26 (22%) with BMI > 30.0. Twenty

six patients (22%) met the GLIM criteria for low BMI. In 35 patients (30%)

there was weight loss. Sarcopenia was present in 83 patients (70%).

The correlation between the parameters is summarised in a Venn

diagram in Figure 2.

The results of body composition analysis showed, next to sarco-

penia, myosteatosis in 47 (40%) and adipopenia in 87 (74%) patients.

In patients who did not meet the GLIM criteria for malnutrition myos-

teatosis was present in 11 (37%) and adipopenia in 14 (47%) patients,

as summarised in Table 1.

For severity of malnutrition, there were patients who met 1 GLIM

criteria (n = 50, 42%), 2 GLIM criteria (n = 20, 17%) or all 3 GLIM cri-

teria (n = 18, 15%).

3.3 | Blood results

The results of nutritional blood and faeces screening are summarised

in Table 2.

Vitamin D levels are normal (>75 nmol/L) in only 15 patients

(13%), insufficient (50–75 nmol/L) in 36 patients (31%), deficient

(<50 nmol/L) in 54 patients (47%), and severe deficient (<25 nmol/L)

in 10 patients (9%). Magnesium is deficient in 22 patients (19%), zinc

in 54 patients (51%), and iron in 81 patients (75%). The lipid profile is

within normal range in all patients. The faecal elastase was available

for 69 patients and low in 45% of patients.

Comparing the blood and faeces results between GLIM+ and

GLIM� patients shows no significant differences except, vitamin D

levels, total iron binding capacity, and triglyceride levels, as sum-

marised in supplementary Table 1. The vitamin D levels are signifi-

cantly lower in GLIM+ patients (p-value = .05), however the

percentage of patients meeting the criteria for deficiency (<50 nmol/

L) is not significantly different (p-value = .07). The total iron binding

capacity is significantly lower in GLIM+ patients, (p-value = .007), but

Weight lossoss

Sarcopenia

Low BMI

N=4

N=0

N=7

N=18
N=45

N=13

N=1
Not

meeting
criteria
N=30
(25%)

F IGURE 2 Venn diagram relation
GLIM criteria, BMI, body mass index.
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the percentage of patients meeting the criteria for deficiency differs

not significantly (p-value = .13). The triglyceride levels are signifi-

cantly lower in the GLIM+ patients (p-value = .001).

Logistic regression analysis could not identify a relationship

between malnutrition based on the GLIM criteria and any of the blood

results.

3.4 | Survival analysis including uni- and
multivariate analysis

The median overall survival since nutritional screening for the study

group was not reached. There were significant survival differences

between GLIM+ or GLIM� patients (p-value = .01). This was also the

case for patients who met 1 GLIM criterium, met 2 GLIM criteria, or

met all 3 GLIM criteria (p-value = .006). Looking into detail of the

separate parameters of the GLIM criteria, weight loss versus stable

weight, BMI below cut-off versus normal BMI, and sarcopenia versus

no sarcopenia all showed significant survival differences with p-

value = .004, p-value = .01, p-value = .035, respectively. For adipo-

penia, there were significant survival differences (p-value = .037),

while the presence of myosteatosis had no effect on survival

(p-value = .11) as displayed in Figure 3–F. There were no

significant survival differences between patients with and without

carcinoid syndrome (p-value = .56), graph not displayed.

Factors associated with overall survival in univariate analysis are

reported in Table 3.

Sex, age, grading, and disease status were included in the multi-

variate analysis, combined with GLIM+, the presence of malnutrition

was not statistically significant (p-value = .11) associated with worse

overall survival, Table 3 multivariate analysis model 1.

In Table 3, model 2, meeting 1, 2, or all 3 GLIM criteria was added

to sex, age, grading, and disease status in the multivariate analysis.

This showed meeting 2 or 3 GLIM criteria was associated with worse

overall survival (p-value = .002).

Next, each separate parameter of the GLIM criteria were analysed

in combination with sex, age, grading, and disease status. Two out of

three individual parameters were significantly associated with overall

survival, weight loss HR 4.2 (95% CI 1.6–10.9) (p-value = .003), low

BMI HR 4.13 (95% 1.63–10.79) (p-value = .003), sarcopenia HR 1.9

(0.62–5.83) (p-value = .26), model not shown.

Subsequently, all three separate GLIM criteria were included in

model 3 of the multivariate analysis; only weight loss was significantly

associated with survival with HR 3.5 (95% CI 1.14–10.85) (p-

value = .03) as displayed in Table 3 (model 3).

In model 4 sarcopenia and weight loss were included in the multi-

variate analysis in combination with sex, age, grading, and disease sta-

tus, weight loss was significantly associated with worse overall

survival with HR 4.66 (95% 1.64–13.20) (p-value = .004), model not

shown. In model 5 in the multivariate analysis sex, age, grading, and

disease status were combined with sarcopenia and low BMI, only low

BMI was significantly associated with worse overall survival HR 3.71

(1.31–10.51) (p-value = .01), model not shown.

In model 6 (not shown) weight loss and low BMI were both

included together with sex, age, grading, and disease status;

weight loss significant associated with worse overall survival with

HR 3.53 (95% CI 1.16–10.76) p-value = .03. Adipopenia was not

significantly associated with overall survival after correcting for

sex, age, grading, and disease status, HR 3 (95% CI 0.67–13.5), p-

value = .15.

4 | DISCUSSION

This cross-sectional study showed malnutrition based on the GLIM

criteria is present in 75% of patients with GEP-NETs using an SSA.

TABLE 2 Blood- and faecal markers.
Parameter Reference value Median value (IQR) % Deficient

Haemoglobin 115–155 g/dL 125 (116–138) N = 25 (21%)

Mean capsular volume 77–100 fL 94 (89–98) N = 5 (6%)

Albumin 35–50 g/L 44 (41–45) N = 2 (2%)

Vitamin A 1.4–3.84 μmol/L 1.86 (1.39–2.5) N = 29 (25%)

Vitamin D >50 nmol/L 47 (35–62) N = 64 (54%)

Magnesium 0.7–1.0 mmol/L 0.78 (0.71–0.83) N = 22 (19%)

Zinc 11–19 μmol/L 10.8 (9.5–12.8) N = 54 (51%)

Iron 14–30 μmol/L 11 (7.7–14) N = 81 (75%)

Total iron binding capacity 50–72 μmol/L 64 (55–71) N = 18 (17%)

Iron saturation 20%–50% 19 (12–25) N = 57 (55%)

Cholesterol 1.0–5.0 mmol/L 4 (3.2–4.9) N = 0

Triglyceride 0.5–2.0 mmol/L 1.4 (0.9–1.9) N = 1 (1%)

HDL cholesterol >1 mmol/L 1.4 (1.1–1.8) N = 19 (18%)

LDL cholesterol 1–3 mmol/L 1.9 (1.4–2.5) N = 13 (13%)

Faecal elastase >200 μg/g 236 (106–372) N = 31/69 (45%)

Note: Bold indicates relevant/significant findings.

Abbreviations: HDL, high-density lipoprotein; IQR, interquartile range; LDL, low-density lipoprotein.
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Kaplan Meier curve GLIM- versus GLIM+

Number of patients Time (months) 0 12 24 36
GLIM- 30 28 28 25
GLIM+ 87 79 72 58

p .01

Kaplan Meier curve overall survival severity malnutrition

Number of patients Time (months) 0 12 24 36
No malnutrition 30 28 28 25
1 GLIM criterium + 50 49 46 38
2 GLIM criteria + 20 16 14 11
3 GLIM criteria + 17 14 12 9

p .006

Kaplan-Meier curve weight loss versus stable weight

Number of patients Time (months) 0 12 24 36
No weight loss 83 78 75 63
Weight loss 34 29 25 20

p  .004

Kaplan Meier curve low versus normal BMI

Number of patients Time (months) 0 12 24 36
Normal BMI 92 87 83 70
Low BMI 25 20 17 13

p  .01

Kaplan Meier curve sarcopenia versus no sarcopenia

Number of patients Time (months) 0 12 24 36
No sarcopenia 35 33 32 29
Sarcopenia 82 74 68 54

p .035

Kaplan Meier curve adipopenia versus no adipopenia

Number of patients Time (months) 0 12 24 36
No adipopenia 31 30 29 25
Adipopenia 86 77 71 58

p  .037

Kaplan Meier curve myosteatosis versus no myosteatosis

Number of patients Time (months) 0 12 24 36
No myosteatosis 70 64 61 53
Myosteatosis 47 43 39 30

p .11

(A) (B)

(C) (D)

(E) (F)

(G)

F IGURE 3 Legend on next page.
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Second to progressive disease, meeting more than 1 of the GLIM cri-

teria was associated with worse overall survival in uni- and multivari-

ate analysis, and weight loss was the most important GLIM criterium.

This is the first study evaluating the presence of malnutrition

according to the GLIM criteria and to associate the GLIM criteria as a

whole and as individual criteria with overall survival in patients with

GEP-NETs using a SSA. This study population used different doses

and prescriptions of SSA's. However, 90% of patients used

doses recommended by the current ENETS and ESMO guidelines,23,24

Sandostatin 10–30 mg every 28 days or Lanreotide 60–120 mg every

28 days. The recommended doses are lower than the doses studied in

the CLARINET25 and PROMID26 studies which described Lanreotide

120 mg every 28 days or Sandostatin 30 mg every 28 days, respec-

tively.27 The current study population is slightly older (median age

67 years) compared to the median age of patients in the CLARINET25

and PROMID26 studies (median age 63 years). In older patients, we

commence patients on a lower dose than the recommended maximum

dose of Lanreotide or Sandostatin to await the side effects and titrate

the dose to maximum if well tolerated. There were 27 patients (23%)

not on the maximum dose of SSA it could be hypothesised this

effected the overall survival. However, this is a small subgroup and

the numbers are too low for subgroup analysis or to draw

conclusions.

The presence of malnutrition according to the GLIM criteria was

higher than the prevalence of malnutrition previously described in

patients with GEP-NETs of 4%–38%. This could be explained by the

difference in definitions used for malnutrition and methods of assess-

ment. The GLIM criteria include weight loss, low BMI with different

cut-offs for age above/below 70 years, and the presence of sarcope-

nia. The studies from Robbins6 and Qureshi9 only used the MUST

score, which is based on weight loss and BMI and lacks an age-specific

cut-off. The studies from Borre7 and Maasberg8 used the nutrition

risk screening 2002 (NRS) and subjective global assessment (SGA)

which are both again based on weight loss and BMI, however, the

SGA also includes gastrointestinal (GI) symptoms. The percentage

malnutrition in the Borre study7 is 38% and in the Maasberg8 study

21% based on NRS and 25% based on the SGA. This is in line with the

findings from our study looking at low BMI (22%) and weight loss

(30%) only.

The GLIM criteria diagnose malnutrition if sarcopenia is present

on CT scan-based body composition analysis as well as weight loss

and low BMI.11,17 However, the body composition analysis in our

study highlighted a high percentage (70%) of sarcopenia and this has

not been reported before. The only two comparable studies used dif-

ferent techniques to measure sarcopenia and reported a prevalence

of 25, respectively, 26%.7,8 Two other studies examining sarcopenia

alone have reported similar findings to our results with sarcopenia

present in 67%–87%.14,15 These two studies cannot be compared to

the population in the current study as the Chan group14 only included

patients with progressive disease of their NET and Herrera15

included patients at diagnosis of their NET.

The prevalence of sarcopenia in our study is higher than in studies

with metastatic colorectal cancer with a reported percentage of sarco-

penia 27%–44%28,29 or metasatic gastroIntestinal stromacel tumour

(GIST) with a reported percentage of sarcopenia 23%–56%.30,31

Differences in the prevalence of sarcopenia could be explained by

F IGURE 3 (A) Kaplan–Meier curve GLIM� versus GLIM+. (B) Kaplan–Meier curve overall survival severity malnutrition. (C) Kaplan–Meier
curve weight loss versus stable weight. (D) Kaplan–Meier curve low versus normal BMI. (E) Kaplan–Meier curve sarcopenia versus no sarcopenia.
(F) Kaplan–Meier curve adipopenia versus no adipopenia. (G) Kaplan–Meier curve myosteatosis versus no myosteatosis.

TABLE 3 Uni- and multivariate analysis regarding overall survival.

Univariate analysis
Multivariate analysis
Model 1 GLIM+

Multivariate analysis
Model 2 Severity GLIM

Multivariate analysis Model 3
Weight loss or low BMI or
sarcopenia

HR (95% CI) p-value HR (95% CI) p-value HR (95% CI) p-value HR (95% CI) p-value

Sex 0.55 (0.26–1.15) .13 0.64 (0.26–1.55) .32 0.65 (0.27–1.59) .35 0.63 (0.25–1.55) .31

Age 1 (0.99–1.1) .84 1 (0.99–1.01) .9 1 (0.98–1.01) .43 1 (0.98–1.07) .32

Grading 2.4 (1.0–5.5) .05 1.82 (0.74–4.46) .19 1.98 (0.8–4.90) .14 2.1 (0.77–5.53) .15

Location primary 0.88 (0.38–2.02) .76

Disease status 2.6 (1.24–5.5) .01 2.78 (1.17–6.61) .02 4.5 (1.7–11.76) .002 5.95 (2.03–17.42) .001

GLIM+ 5.2 (1.23–21.8) .03 3.47 (0.77–15.55) .11

Severity GLIM 1.8 (1.3–2.6) .001 2.16 (1.34–3.48) .002

Weight loss 2.85 (1.36–5.97) .006 3.5 (1.14–10.85) .03

Low BMI 2.62 (1.21–5.69) .02 2.47 (0.73–6.89) .16

Sarcopenia 2.97 (1.03–8.56) .04 1 (0.30–3.42) .98

Adipopenia 3.32 (1.01–11) .05

Note: Bold indicates relevant/significant findings.
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different techniques to measure the presence of sarcopenia, different

cut-offs to confirm the diagnosis of sarcopenia used. Another expla-

nation could be the moment of sarcopenia measurement as in both

the colorectal cancer as GIST studies the measurements were per-

formed prior to start with systemic anti-cancer treatment while our

measurements were at a random moment.28–31 Nevertheless, the

prevalence of sarcopenia in patients with GEP-NETs is high. This

could be explained by multiple factors such as ageing, the presence of

the NET and its catabolism, and possible malnutrition due to reduced

intake. Sarcopenia was first described in the ageing population as

from the age of 50 years loss of muscle mass and strength has been

reported.11 As the median age is 67 years the high prevalence of sar-

copenia could be driven by ageing. In patients with cancer the ongoing

inflammatory response results in protein catabolism and reduced mus-

cle mass and strength.32 There are no studies confirming this hypoth-

esis in patients with NETs but as it is considered as a cancer it could

be assumed there is some protein catabolism present. Also, the

median period since diagnosis of the NET was 40 months in this

study, it could be assumed a long period to develop catabolism.

Another explanation for the high prevalence of sarcopenia could be

reduced nutritional intake or absorption. As 75% of the patients in this

study had previous surgery with an alteration to the digestive tract

which could result in reduced nutrition uptake.33–35 All patients were

using a SSA which can result in PEI and reduced nutrition uptake.34,36

When patients developed symptoms of diarrhoea or steatorrhoea

they commenced on PERT, faecal elastase was available for only 58%

of patients. The role of faecal elastase testing in patients with GEP-

NETs is not clear as 2 abstracts and 1 article report conflicting results.

In the abstract from Donnelly et al regarding 57 patients with GEP-

NETs with symptoms of steatorrhoea, in only 17% the faecal elastase

was low.37 Another abstract regarding 32 patients on an SSA reported

steatorrhoea in 82% of patients but the faecal elastase was only low

in 19%.38 While the study from Lamarca et al regarding 50 patients

commencing an SSA report faecal elastase is a good marker for diag-

nosing PEI. Although in this study only 64% of patients returned a

stool sample.39

Forty percent of patients had a functional NET, mainly carcinoid

syndrome with diarrhoea as main symptom due to increased bowel

transit which can also contribute to malnutrition and subsequently to

the development of sarcopenia.35 The presence of carcinoid syn-

drome in the current study (35%) is higher than described in the litera-

ture (20%), this could be explained due to different definitions used40

and different study designs large national database40 versus single

centre study.

Besides disease status and meeting more than 1 of the GLIM cri-

teria, weight loss is the most important parameter in uni- and multi-

variate analysis associated with overall survival. The percentage of

malnutrition based on the GLIM criteria is high due to the high per-

centage of sarcopenia. It could be hypothesised the first stage of mal-

nutrition is sarcopenia but this might not be related to overall survival.

When the phenotypes of malnutrition with weight loss or low BMI

develop in the presence of sarcopenia this should be considered as

severe malnutrition and was significantly associated with poorer

overall survival. Other studies showed the obesity paradox which is a

hypothesis that patients with a BMI >30 kg/m2 have a survival bene-

fit. One study regarding patients with a NET in the USA confirmed

this paradox.41 While a study from Portugal regarding metabolic syn-

drome in patients with GEP-NETs could not confirm this obesity para-

dox.42 However, in our study the obesity paradox is present.

Comparing patients with and without malnutrition significant dif-

ferences between age, weight, and BMI were observed, this could be

explained by the GLIM criteria as there is a different cut-off for BMI

for patients above and below 70 years.17 The difference in grading

could be explained by aggressiveness of the tumour, it could be grade

2 tumours are more aggressive resulting in sarcopenia or malnutrition

earlier than grade 1 tumours. Another explanation for this could be

the large group of patients with a small bowel NET in the study, in our

previous study regarding sarcopenia in patients with GEP-NETs grad-

ing of a small bowel NET was significantly associated with worse

overall survival.43

Interestingly, the patients who met the criteria for malnutrition

used significantly more PERT compared to the well-nourished

patients. It could be hypothesised that PEI is a risk factor for develop-

ing malnutrition. Other factors such as location of primary tumour or

presence of metastasis does not differ between the well- and mal-

nourished patients, this could be explained by the large group of

patients with small bowel NETs or metastatic disease.

The reported fat-soluble vitamin deficiency in this study is in line

with previous studies reporting vitamin A and vitamin D

deficiency.44–46 The reported deficiency in the mineral magnesium

has not been reported before. It could be suggested that

magnesium deficiency is more prevalent in patients who had a termi-

nal ileum resection as magnesium is resorbed here. The reported defi-

ciency of zinc is in line with previous reports. The high percentage of

iron deficiency has not been reported before, this deficiency resulted

in anaemia in 21% of patients which has not been reported before

either. This percentage of anaemia could be explained by reduced

absorption of iron due to surgery to the small intestine or due to

abnormal pH levels in the case of PEI.47

The GLIM criteria, the previously used European Society of

parenteral and enteral nutrition (ESPEN), nor American Society of

parenteral and enteral nutrition criteria for malnutrition did include

vitamin, mineral, or trace element deficiency as a diagnostic crite-

rium for malnutrition, nor it is considered as a phenotype of malnu-

trition.17,48,49 It could be questioned what the relevance of the

reported deficiencies is. Severe vitamin A deficiency could lead to

night blindness and has been published in several case reports.50–53

Vitamin D deficiency could lead to osteopenia or osteoporosis

which has been reported in 1 study regarding 50 patients with

small intestinal NETs and vitamin D deficiency, osteopenia was

prevalent in 36%–44% of patients and osteoporosis in 24%–32%

of patients.16 Magnesium deficiency could result in several clinical

symptoms or problems with other minerals such as potassium or

calcium.54 Zinc deficiency is related with growth retardation and

cognitive impairment and children,55 therefore, it is consequence of

low levels in patients with GEP-NETs is unknown. Iron deficiency
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can result in anaemia this could be relevant for patients with a

GEP-NET as fatigue is a common symptom and affecting quality of

life.56,57

Body composition analysis demonstrated the presence of myos-

teatosis in 37% and adipopenia in 47% in patients who do not meet

the GLIM criteria for malnutrition. This phenomenon has been

described in patients with colorectal cancer where 21%–34% of

patients with stable weight had myosteatosis.58 An explanation for

the presence of adipopenia and myosteatosis in patients who are not

malnourished could be the presence of PEI which might result in adi-

popenia and myosteatosis.

For body composition analysis the GLIM criteria suggest multiple

different techniques including bio impedance analysis (BIA). A study

from Barrea et al. performed BIA analysis in 83 patients with GEP-

NETs and found the BIA-phase angle a useful marker for nutritional

status.59 The BIA analysis is based on multiple assumptions such as

73% of fat-free mass is water. It also requires controlled circum-

stances such as no exercise 12 h prior to the test, no alcohol or coffee

prior to the test, and be well hydrated.60 The current guidelines for

sarcopenia suggest body composition analysis on cross-sectional

imaging as gold standard.11,17 Although body composition analysis

might be a time-consuming technique and not available in every cen-

tre, in that case, the BIA analyses could be a good alternative.

In this study, progressive disease is significantly associated with

overall survival in uni- and multivariate analysis. While this is not the

case in the only comparable study from Maasberg et al.8 In this study

177 patients admitted to hospital and 26 out patients were screened

for malnutrition and its presence was associated with overall survival

in uni- and multivariate analysis. The disease status was based on the

RECIST criteria while our study used another definition. The length of

time prior to the diagnosis of the NEN was unknown and there were

patients with a NET and NEC included. Therefore, these studies are

difficult to compare. In studies regarding patients with metastatic

colorectal cancer or metastatic GIST the presence of sarcopenia, prior

to start with systemic anti-cancer treatment, is also significantly asso-

ciated with poorer progression-free survival or overall survival.30,31,61

As progressive disease, regardless of nutritional status, in patients

with GEP-NETs is associated with worse overall survival the findings

in this study regarding progressive disease could be expected.1,62-64

This study highlights the importance of screening for malnutri-

tion in patients with GEP-NETs using an SSA, especially monitoring

weight loss is important. There are also some limitations in this

study. Malnutrition is a multifactorial process and can be caused by

the GEP-NET itself, symptoms related to the GEP-NET, or side-

effects of treatment such as diarrhoea.33 Data regarding aetiology

of malnutrition or symptoms were not collected. In 23% of patients

there was localised disease but due to comorbidity or performance

status curative surgery was not possible. Although a cross-sectional

study in a single centre the data are not complete for all patients.

The study was performed in 2018–2019 therefore the overall sur-

vival data are maximum of 4 years. If there was longer follow up

the effect of malnutrition could be different. Another limitation is

the severity of sarcopenia and malnutrition could not be established

as the GLIM criteria do not provide cut-offs for severity of

sarcopenia.17 However, we tried to correct for this highlighting the

differences between patients who meet 1 or more parameters of

the GLIM criteria as this has not been described before. One of the

explanations of the high percentage malnutrition and sarcopenia

could be poor oral intake related to GI symptoms, however, these

data were not collected in this study.

Future research should focus on how to treat malnutrition and

if reversal of malnutrition effects the overall survival. The DIVIT

study included 53 patients with a NET and on an SSA for

>6 months, nearly all patients (91%) received nutritional support,

and after 18 weeks this resulted in significantly less vitamin defi-

ciencies. However, the effect on outcomes of the patients

unknown.65 Studies regarding patients with pancreatic cancer

reported weight gain improved overall survival66,67 and patients

with colorectal cancer had survival benefits following nutritional

interventions.68,69 However there are also studies regarding patients

with cancer in the upper GI tract who failed to demonstrate a sur-

vival benefit of nutritional interventions.70,71 To answer the ques-

tion ideally a randomised controlled trial comparing a standardised

nutritional- and exercise programme with the standard of care for

all patients commencing with an SSA should be set up. At baseline,

the nutritional status based on GLIM criteria, GI symptoms, and

quality of life should be measured. The aim for the primary outcome

of this RCT should be improvement in nutritional status. Secondary

outcomes aim to demonstrate prolonged overall survival, improved

quality of life, and less GI-symptoms. In studies regarding colorectal

cancer, pancreatic adenocarcinoma, and bladder cancer reversibility

of sarcopenia 1–2 years following diagnosis, has been associated

with improved survival.58,72,73

5 | CONCLUSION

Based on GLIM criteria, malnutrition is common in patients with GEP-

NETs using a SSA. When malnutrition is related to weight loss it is

associated with poor overall survival. Patients could benefit from reg-

ular weight monitoring and possibly from early nutritional

intervention.
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