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Abstract

Background Advanced pancreatic ductal adenocarcinoma (PDAC) is characterized by progressive weight loss and nu-
tritional deterioration. This wasting has been linked to poor survival outcomes, alterations in host defenses, decreased
functional ability, and diminished health-related quality of life (HRQOL) in pancreatic cancer patients. There are cur-
rently no standardized approaches to the management of pancreatic cancer cachexia. This study explores the feasibility
and efficacy of enteral tube feeding of a peptide-based formula to improve weight stability and patient-reported out-
comes (PROs) in advanced PDAC patients with cachexia.
Methods This was a single-institution, single-arm prospective trial conducted between April 2015 and March 2019.
Eligible patients were adults (>18 years) diagnosed with advanced or locally advanced PDAC and cachexia, defined
as greater than 5% unexplained weight loss within 6 months from screening. The study intervention included three
28 day cycles of a semi-elemental peptide-based formula, administered through a jejunal or gastrojejunal feeding
tube. The primary outcome was weight stability at 3 months (Cycle 3), defined as weight change less than
0.1 kg/baseline BMI unit from baseline. Secondary outcomes included changes in lean body mass, appendicular lean
mass, bone mineral density, fat mass, and percent body fat, as measured with a DEXA scan, HRQOL (EORTC
QLQC30) and NIH PROMIS PROs assessed at each cycle. Daily activity (steps, distance, active minutes, heart rate,
and sleep) were remotely monitored using a wearable activity monitor (Fitbit) over the 3 month study period.
Results Thirty-six patients were screened for eligibility, 31 patients consented onto study and underwent jejunal tube
placement, and 16 patients completed treatment: mean age 67 years (SD 9.3), 43.8% male. Among evaluable patients
(n = 16), weight stability was achieved in 10 patients (62.5%), thus completing the trial early. Increases in lean body
mass (1273.1, SD: 4078, P = 0.01) and appendicular lean mass (0.45, SD: 0.6, P = 0.02) were observed. Statistically
significant improvements at Cycle 3 from baseline were also observed for QLQC30 role function [mean difference
(MD): 20.1, P = 0.03], appetite (MD: 27.4, P = 0.02), and global health scores (MD: 13.3, P = 0.05) as well as for
NIH PROMIS t-scores for depression (MD: �10.4, P = 0.006) and pain interference (MD: �7.5, P = 0.05). Objectively
monitored (Fitbit) activity levels increased, although statistical significance was not reached.
Conclusions Our findings suggest that enteral nutrition support may improve weight stability, lean body mass, appen-
dicular lean mass and PROs in PDAC patients with cachexia who completed treatment, representing a subsample of the
study population. The feasibility and role of enteral feeding in routine care remain unclear, and larger and randomized
controlled trials are warranted.
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Introduction

Advanced pancreatic adenocarcinoma is characterized by pro-
gressive weight loss and nutritional deterioration.1,2 This
wasting has been linked to poor survival outcomes, alterations
in host defenses, decreased functional ability, and diminished
quality of life.3–5 There have been few studies of whether
nutritional support improves outcomes for these patients,
and the results have been inconsistent.3,4 This is despite evi-
dence that artificial nutrition can improve performance status
and other outcomes in terminal cancer patients.5

One option to provide nutritional support for patients
with pancreatic cancer is through enteral tube feeding.6 In
randomized studies, it has shown benefit over other
forms of artificial nutrition in patients following a
pancreaticoduodenectomy.6,7 Jejunal and gastrojejunal feed-
ing are also accepted approaches for patients with compro-
mised gastric emptying, a common feature of pancreatic
cancer.8 However, there is concern that enteral feeding may
not be a suitable support therapy for cancer patients under-
going chemotherapy and there is a lack of evidence for its
effectiveness in this patient population. Furthermore, there
are few studies that have evaluated more contemporary nu-
tritional formulations including peptide-based diets.

Semi-elemental formulas are peptide-based containing a
high percentage of medium chain triglycerides that are quick
to absorb in the GI tract and can be utilized as energy without
the need for pancreatic enzymes or bile salts. Similarly, pep-
tides are easily absorbed in the GI tract, breaking down into
its respective amino acids. It has been suggested that amino
acids, such as leucine and valine, have a role in treating ca-
chexia, potentially counteracting the characteristic protein
hypercatabolism seen in patients with cachexia.9,10

Our lack of understanding of pancreatic cancer cachexia
extends to its management. Despite guidelines recom-
mending nutritional support and dietary consult for malnour-
ished cancer patients,7 these are rarely done.11 Studies of
nutritional support and effects of feeding on outcomes in
pancreatic cancer patients have been limited to the perioper-
ative setting or retrospective in nature.8–15

In this study, we prospectively evaluated advanced pancre-
atic adenocarcinoma patients with cachexia who received
enteral feeding with a peptide-based diet through a jejunal
or gastrojejunal feeding tube. Our primary objective was to
establish the feasibility and efficacy of enteral nutrition and
its relationship to meaningful clinical outcomes.

Methods

Study design

We conducted a single-institution, single-arm prospective
trial between April 2015 and March 2019 to evaluate the fea-
sibility and efficacy of enteral tube feeding on weight stability
in advanced pancreatic cancer patients with cachexia. All
study activities were conducted with prior approval and over-
sight from the Cedars-Sinai Medical Center Institutional Re-
search Ethics Board. The study is registered in ClinicalTrials.
gov (NCT02400398).

Participants

Patients were recruited from the Cedars-Sinai Medical Center
gastrointestinal oncology clinic by their medical oncologists
after providing informed consent. Eligible patients were
adults (>18 years) diagnosed with advanced or locally ad-
vanced pancreatic cancer and cachexia. Cachexia was defined
as greater than 5% unexplained weight loss within 6 months
prior to the screening visit. Patients were required to be can-
didates for enteral feeding or have a jejunal or gastrojejunal
tube either previously placed or placed prior to study inter-
vention initiation. Additionally, eligible patients had an ECOG
performance status <2 and life expectancy >3 months. Ex-
cluded were patients with uncontrolled intercurrent illnesses,
pregnancy, or current bowel obstruction (partial or total).
Patients may have received prior anticancer treatment or
previous resection of primary tumour. Patients were eligible
for the Fitbit activity monitoring substudy if they had access
to a smart phone (could also belong to a caregiver) and am-
bulatory at consent (walking aids were permitted). Patients
with other implantable medical devices, such as a pacemaker,
and allergies to rubber or steel were excluded, for safety
purposes.

Intervention

The study intervention included three 28 day cycles of a
peptide-based formula (Peptamen), administered through a
jejunal or gastrojejunal feeding tube. Peptamen 1.5 is a
peptide-based 100% whey, 70% MCT formula that includes
approximately 150 Cal, 6.8 g protein, 18.8 g carbohydrate,
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and 5.6 g fat per 100 mL. Jejunal or gastrojejunal tube feeds
were provided at the patient’s home for the duration of the
protocol and as directed by the nutritionist. Peptamen doses
ranged from 40 to 85 mL/h over 8–20 h/day depending on
dose and as determined by the nutritionist. Peptamen dosing
was determined using the Mifflin St Jeor formula for estimat-
ing energy expenditure required, using a stress factor of 1.5
as validated for use in cancer patients16:

Men = Resting metabolic rate : 9.99 (weight in kg)
+6.25 (height in cm) � 4.92 (age)+5.

Women = Resting metabolic rate : 9.99 (weight in kg)
+6.25 (height in cm) � 4.92 (age) � 161.

Patients were permitted to supplement tube feeding with
solid food throughout the day while on study, summarized at
each cycle by the nutritionist using the 24 h food recall.

Primary outcome

The primary outcome was weight stability at 3 months
(Cycle 3), defined as weight change less than 0.1 kg/baseline
body mass index (BMI)-unit. Weight was assessed in clinic at
the end of each 28 day cycle in kg. BMI was assessed based
on the patient’s weight in kilograms divided by their height
in meters squared.

Secondary outcomes

Secondary body composition measurements included
changes in lean body mass, bone mineral density, fat mass,
appendicular lean mass, and percent body fat, as measured
with the DEXA scan at each cycle. Changes in inflammatory
cytokines, gut hormones were also assessed at baseline and
3 months and will be reported in a separate paper. Clinic as-
sessments of function also included hand grip strength, as
measured by a dynamometer taking the average of three
measures using the dominant hand, and gait speed (time to
walk 15 ft). Objective measures of physical activity were re-
motely assessed using a wearable activity monitor (Fitbit
Charge HR 2) 24 h/day over the 3 month study period as part
of an optional substudy. Activity metrics included average
daily steps, distance, active minutes, and sedentary time. Av-
erage resting heart rate and nighttime sleep duration were
also assessed. Valid wear-days were defined as at least 3 days
of activity data for 10 consecutive hours per 24 h period pre-
ceding each timepoint.

Safety

Safety was assessed in all patients using the Common Termi-
nology Criteria for Adverse Events v4.0 at each cycle and dur-
ing follow-up where grade (range 1–4) and attribution

(unrelated, unlikely, possible, probable, or definite) were doc-
umented by the study clinician. Expected adverse events
(AEs) included diarrhoea, abdominal pain, nausea, vomiting,
aspiration pneumonitis dehydration, hyperglycaemia,
hypokalaemia, hypophosphatemia, and abdominal gas and
bloating. Patients were also monitored for refeeding syn-
drome, thus phosphorous, potassium, and magnesium levels
were monitored throughout the study and patients were
assessed for malabsorption by their treating oncologist.

Patient-reported outcomes

Patient-reported outcomes (PROs) were assessed at each
timepoint and included the validated EORTC QLQ-C30 ques-
tionnaire, which includes 30 questions across three function-
ing domains (physical, emotional, and role) and cancer
symptoms, including fatigue, pain, nausea, and appetite loss.9

Each question is rated on a 4-point scale: ‘Not at all’, ‘A little’,
‘Quite a bit’, and ‘Very much’.

In 2016, the protocol was amended to include NIH PROMIS
questionnaires and Fitbit activity data. NIH PROMIS short
forms, ranging from 4 to 16 items, included pain, physical
function, sleep disturbance, fatigue, and depression. Re-
sponses were on a 5-point scale ranging from ‘Not at all’ to
‘Very much’ or ‘Without any difficulty’ to ‘Unable to do’,
where higher scores represent worst outcomes, with the ex-
ception of physical function.10 Surveys were self-administered
on paper or electronically through REDCap on Day 1 of each
study cycle up to 3 months. NIH PROMIS scores were con-
verted to T-scores (mean = 50, SD = 10) standardized to a can-
cer population. Patient food intake (24 h food recall11), taste,
and smell alteration were assessed at baseline and each cycle
up to Cycle 3.

Statistical analysis

The primary outcome of the study was the proportion of
patients with favourable response to enteral tube feeding,
defined as weight stability (weight change less than
0.1 kg/baseline BMI unit) at Cycle 3. Thus, 37 patients were
needed to test the null hypothesis (proportion ≤ 0.2) against
the alternative hypothesis (proportion ≥ 0.4) at 80% power
and 5% significance. An early stopping point was defined as
14 or more patients with favourable response. Evaluable
patients were defined as any patients who completed three
cycles of Peptamen treatment.

Descriptive analyses were conducted for all study data at
each timepoint where continuous measures were summa-
rized as means (standard deviation) and medians (interquar-
tile ranges) and the number (%) of participants were
presented for categorical variables. Differences in outcomes
at Cycle 3 from baseline were assessed using Mann–Whitney
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U test or independent samples t-test (for continuous data in-
cluding PROs) and Pearson’s χ2 test or Fisher’s exact test for
categorical outcomes. A P value < 0.05 indicated statistical
significance. Fitbit activity metrics were summarized as
7 day averages preceding each cycle. Pearson correlation co-
efficients were calculated for continuous variables at each
timepoint and for changes in continuous variables. Explor-
atory survival analysis was conducted using the Kaplan–Meier
method, and multivariable proportional hazards regression
models were used to assess survival differences among pa-
tients with weight stability. Analyses were conducted in Stata
v.15 (Texas).

Results

Patient characteristics

A total of 36 patients were screened for eligibility. Of these,
31 consented onto study and underwent jejunal tube place-
ment, and 16 patients completed all three cycles of tube
feeding (Figure 1). Patients who did not complete treatment
included nine patients who expired on study due to advanced
disease, transferred to hospice (n = 1), non-compliance
(n = 1), complications (n = 2), or withdrew consent (n = 2).

Two patients required tube exchanges. Patient characteristics
are displayed in Table 1. Evaluable patients (n=16) were on
average 67 years of age (SD 9.3), 43.8% male and 56.3%
non-Hispanic white, had 62.5% and 37.5% ECOG performance
status scores of 1 and 2, respectively, and had median BMI
22.3 kg/m2 (Table 1). Among evaluable patients, patients
had a treatment history of gemcitabine and abraxane
(n = 6), FOLFIRINOX (n = 3), FOLFIRI (n = 2),
Veliparib + Gemcitabine with radiation (n = 2), or Gemcitabine
with capecitabine (n = 1) or did not receive chemotherapy.
Among these, three patients had a history of pancreatic can-
cer surgery. No statistically significant differences in weight
change across chemotherapy regimens were observed. Tube
feeding was supplemented with solid food taken orally, for
all evaluable patients (Supporting Information, Table S1) as
assessed with the 24 h food recall at each timepoint.

Weight stability

Among 16 patients evaluable for the primary outcome,
weight was stable or increased in 10 patients (62.5%): 4
patients maintained their weight, and 6 patients exhibited
increases in weight, with an overall mean increase of
0.05 kg/BMI unit at Cycle 3. Figure 2 shows results from DEXA
scans over time for men and women. Overall increases in

Figure 1 Flow chart.
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Table 1 Patient characteristics

Characteristics
Overall Evaluable

N (%) or mean ± SD N (%) or mean ± SD

Total (N) 31 16
Age 67.1 (10.9) 67.0 (9.3)
Sex
Male 12 (38.7) 7 (43.8)
Female 19 (61.3) 9 (56.2)

Race/ethnicity
Non-Hispanic White 19 (61.3) 9 (56.3)
African American 2 (6.4) 1 (6.3)
Asian/Pacific Islander 7 (22.6) 3 (18.8)
Hispanic/Latino 7 (22.6) 3 (18.8)
Other 2 (6.4) 0 (0.0)
Not reported 1 (3.2) 0 (0.)

BMI (kg/m2) 21.5 (4.0) 22.3 (4.6)
ECOG
1 22 (73.3) 10 (62.5)
2 8 (26.7) 6 (37.5)
Not reported 1

Smoking history
Never 16 (64) 11 (68.8)
Past smoker 9 (36) 5 (31.2)
Unknown 6 0

CA19-9 9852 (24 796) 10 505 (30 554)
CRP 37.6 (47.3) 24.0 (39.9)
Total body bone mineral
density

1.08 (0.16) 1.07 (0.17)

Total body fat mass (g) 16 519 (7971) 17 546 (9182)
Total percent body fat (%) 28.5 (10.6) 29.7 (11.7)
Lean body mass (g) 40 267 (11 413) 30 331 (10 991)
Appendicular lean mass
(kg/m2)

5.3 (1.1) 5.2 (1.1)

BMC (g) 2210 (650) 2175 (575)
Physical activity (steps
per day)

1092 (679) 1143 (710)

Hand grip strength (kg) 18.6 (5.8) 19.9 (6.0)

Figure 2 DXA measurements over time. BMI, body mass index.
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average weight (+1.29 kg, SD: 5.8), BMI (+0.6 kg/m2, SD: 1.7),
% body fat (�1.6%, SD:5%) and decreases in bone mineral
density (�0.01, SD: 0.02), and body fat mass (�602 g, SD:
2794) were observed at Cycle 3, but did not reach statistical
significance (P > 0.05). Statistically significant increases in
lean body mass (+1273.1, SD: 4078, P = 0.01) and appendicu-
lar lean mass were observed in evaluable patients at cycle 3
(+0.45, SD: 0.62, P = 0.02) (Figure S1).

Secondary outcomes

In exploratory survival analysis, no statistically significant
difference was observed in overall survival among evaluable
patients with stable weight compared with those without
[hazard ratio (HR): 1.31, 95% confidence interval (CI) 0.41–
4.14, P = 0.64]. Median survival was 172 days overall
(n = 36) and 316 days for evaluable patients (n = 16). CRP
levels (mean difference: �9.77, SE 11.6, P = 0.4) and CA-
199 levels (mean difference: �875.9, SE: 2 = 10 993,
P = 0.9), decreased at Cycle 3 from baseline, although differ-
ences were not statistically significant.

Patient-reported outcomes

Health-related quality of life outcomes and subscales
from the EORTC QLQ-C30 questionnaire improved over time
(Table 2, Figure S2). Specifically, statistically significant im-
provements were observed for role function, appetite, and
global health scores (Table 2, Figure S2). NIH PROMIS pain in-
terference and depression t-scores improved significantly at
Cycle 3. Clinically significant improvements were also ob-
served in NIH PROMIS physical function, fatigue, sleep distur-
bance, pain, social and emotional well-being, as well as
gastrointestinal symptoms (Figure 3). However, ability to
taste and smell did not change significantly, although stron-
ger sense of smell was reported in 43% of patients at Cycle
3 compared with 38% at baseline, and bitter taste was also
stronger in 30% of patients at Cycle 3 compared with 25%
at baseli (Table S2).

Improvements in objective measures of activity and physi-
cal function were observed in the subset of patients who
wore Fitbit activity monitors (n = 15), all of whom had at least
7 days of available activity data prior to each cycle.
Non-statistically significant increases in the average number

Table 2 Mean change in patient-reported outcomes, activity, and physical function over three cycles

Variables N

C1 C2 C3 Mean differences

Mean SD Mean SD Mean SD
Change
C2–C1 P value

Change
C3–C1 P value

NIH PROMISa

Pain interference 24 66.7 8.8 60.7 7.6 59.2 12.1 �6.0 0.04 �7.5 0.05
Fatigue 24 64.3 10.1 60.6 9.5 57.2 7.6 �3.7 0.27 �7.1 0.06
Depression 24 58.1 9.9 56.9 10.5 47.7 5.7 �1.2 0.8 �10.4 0.006
Sleep disturbance 24 51.0 4.0 52.8 3.2 50.0 2.99 1.8 0.16 �1.47 0.5
Physical function 24 45.6 6.9 43.7 6.7 44.4 10.3 �1.9 0.43 3.1 0.7

QLQ-C30b

Physical function 29 46.1 26.9 48.9 28.0 56.7 26.4 2.8 0.73 10.6 0.2
Role function 29 29.9 25.7 48.1 32.3 50.0 29.2 18.2 0.04 20.1 0.03
Cognitive function 29 62.6 24.7 60.2 33.4 71.4 29.5 2.4 0.4 8.8 0.3
Emotional 29 57.2 28.3 55.1 24.6 67.3 26.4 2.1 0.79 10.1 0.27
Social 29 37.9 31.1 41.7 32.9 47.6 33.9 3.8 0.69 9.7 0.32
Global health 29 30.7 19.4 43.1 20.7 44.0 20.8 12.4 0.04 13.3 0.05

Subscales
Fatigue 29 70.1 28.3 54.9 30.6 52.8 24.1 �15.2 0.09 �17.3 0.06
Pain 29 58.6 37.2 48.1 33.3 46.4 28.6 �10.5 0.24 �12.2 0.18
Appetite loss 29 72.6 32.8 45.1 42.4 45.2 38.4 �27.5 0.02 �27.4 0.02
Constipation 29 34.5 42.2 18.5 28.5 28.6 34.3 �11.3 0.16 �5.9 0.63
Nausea/vomiting 29 42.5 35.2 36.1 36.3 28.5 34.2 �16.4 0.13 �11.4 0.22
Insomnia 29 47.1 28.9 42.6 31.9 41.0 33.7 �4.5 0.62 �9.9 0.54

Average daily Fitbit activityc

Steps per day 15 1092 678.7 1160 980.7 1226 734 68 0.8 134 0.7
Stairs 13 0.36 0.8 0.5 0.4 0.68 0.48 0.12 0.7 0.31 0.3
Heart rate 11 72.9 7.3 74.9 7.7 70.3 10.3 �3.6 0.59 �4.7 0.6
Restless sleep 9 7.9 5.6 4.1 1.5 3.6 4.5 �3.8 0.13 �4.3 0.14

Strength
Grip strengthd 19 17.9 5.4 19.5 6.2 15 19.0 1.6 0.4 1.1 0.6

aLower scores are better and negative changes indicate improvement, except for physical function (higher scores better, positive changes
indicate improvement).

bHigher scores are better for physical, role, emotional, social, and global health. Positive changes indicate improvement. Lower scores are
better for subscales (pain, fatigue, appetite loss, constipation, nausea/vomiting, and insomnia). Negative changes indicate improvement.

cFrom Fitbit optional substudy (n = 15). Steps available for all 15 patients. Missing heart rate/sleep data in three patients due to syncing
errors.
dAssessed with Jamar dynamometer. Computed using average across three measures of dominant hand.
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of daily steps taken, distance walked, stairs climbed, resting
heart rate, or hand grip strength were observed (Table 2).

Pearson correlation coefficients for changes from baseline
to Cycle 3 in DEXA body measurements, objective activity and
functional measures, and PROs are shown in Figure 4.

Strongest correlations were observed between changes at
Cycle 3 from baseline in DEXA body fat mass and daily step
counts (r = �0.87, P < 0.023), increased lean body mass and
lower resting heart rate (r = �0.77, P < 0.0001), increased

weight (kg/BMI unit) and higher cognitive function (r = 0.81,
P = 0.027), increased weight and decreased fatigue levels
(r = �0.78, P = 0.037), increased lean body mass and higher
cognitive function (r = 0.95, P = 0.001), increased fat mass
and improved hand grip strength (r = 0.66, P = 0.05), and in-
creases in weight and decrease in patient-reported physical
function (r = �0.48, P = 0.066) (Figure 4). Increased
patient-reported physical function was also associated with
higher levels of daily steps (r = 0.55, P > 0.5), improved sleep

Figure 4 Heat map of Pearson correlation coefficients between DEXA measurements, patient-reported outcomes, and activity metrics in evaluable
patients (n = 16). PROs, patient-reported outcomes.

Figure 3 NIH PROMIS scales.
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(r = 0.75, P> 0.5), lower grip strength (r =�0.78, P> 0.5), and
improved quality of life (r = 0.62, P > 0.5) while decreases in
QLQC30 fatigue scores were correlated with increased step
counts (r = �0.80, P = 0.049), lower resting heart rate
(r = 0.95, P = 0.21), decreased levels of pain (r = 0.30,
P = 0.005) and increased hand grip strength (r = �0.17,
P = 0.004).

Safety

Adverse events experienced during the study are presented in
Table 3. Among 31 patients evaluated for adverse events, 18
patients had at least one toxicity of any grade. All adverse
events were expected where the majority of adverse events
were grades 1–2 and deemed unrelated to the intervention.
Adverse events that were possibly or probably related to the
intervention included diarrhoea, hyperglycaemia, nausea or
vomiting, hypokalaemia, and hypophosphatemia (Table 3). Ex-
pected grade 3 or 4 adverse events that were possibly or prob-
ably related to the intervention included hyperglycaemia,
hypokalaemia, and hypophosphatemia, occurring in 14 pa-
tients. There were no serious adverse events reported.

Discussion

This study was designed to evaluate the feasibility and effi-
cacy of enteral nutrition supplementation in pancreatic can-
cer patients with cachexia. Our findings suggest that enteral
feeding resulted in weight stability, increased lean mass, ap-
pendicular lean mass, and improved HRQOL and PROs among
patients who completed and tolerated the treatment. How-
ever, this was based on a small sample at a single institution,
and it is unclear whether these findings support its feasibility

and implementation into routine care. More research is
needed to understand the role of enteral feeding and identify
patients who benefit from it.

Unintentional weight loss and cancer cachexia remains
highly prevalent among pancreatic cancer patients and is as-
sociated with poor survival outcomes and diminished
health-related quality of life.1,2 To date, an approach to the
treatment and management of pancreatic cancer cachexia
has yet to be established. However, growing evidence sup-
ports the use of specialized nutrition treatments such has en-
teral or parenteral nutrition to control cachexia in cancer
patients, as demonstrated in a randomized trial of artificial
nutrition in patients following pancreaticduodenectomy.2,12

Early nutrition support is also recommended in the European
Society for Clinical Nutrition and Metabolism guidelines,13 al-
though not routinely recommended in North America.2 Re-
cent ASCO guidelines also recommend that enteral tube
feeding or parental nutrition should not be routinely offered
outside the context of a clinical trial.14 These recommenda-
tions were based on two studies rated as low for evidence
quality and specific to routine care.

A proportion of consented patients in this study did not
complete therapy or ever received the jejunal tube place-
ment. This was expected given a high number of patients
with advanced disease, rapid changes in their condition,
poor performance status, and increased symptom burden
from concurrent treatments experienced in this population.
These findings suggest that enteral tube feeding may not
be tolerated or feasible in all patients and that benefits are
greater among those who complete the intervention. Nutri-
tional interventions are likely to have an even greater impact
if they were used closer to the onset of weight loss as op-
posed to later stages of disease progression.15 Regardless
of whether patients are receiving enteral tube feeding, sup-
port and management of the patient’s diet and discussions

Table 3 Number of adverse events by grade occurring during study period (n = 31)

Grade

All AEs Possibly or probably related

Any 1 2 3 4 Any 1 2 3 4

Adverse event n n n n n n n n n n
Abdominal pain 11 2 6 3 0 3 1 2 0 0
Bloating 2 1 1 0 0 2 1 1 0 0
Diarrhoea 9 7 1 1 0 9 7 1 1 0
Hyperglycaemia 9 0 0 7 2 9 0 0 7 2
Nausea 8 3 3 2 0 4 2 2 0 0
Vomiting 9 7 2 0 0 5 4 1 0 0
Hypokalaemia 16 11 1 3 1 11 8 0 2 1
Hypophosphatemia 17 0 7 9 1 15 0 6 8 1
Eye disorder—other 1 1 0 0 0 0 0 0 0 0
Urinary frequency 1 1 0 0 0 0 0 0 0 0
Haematuria 1 1 0 0 0 0 0 0 0 0
Proteinuria 1 0 1 0 0 0 0 0 0 0
Anaemia haemoglobin 1 0 0 1 0 0 0 0 0 0
Abdominal distension 1 1 0 0 0 1 1 0 0 0
Dehydration 1 0 1 0 0 0 0 0 0 0
Other 1 1 0 0 0 0 0 0 0 0

AE, adverse events.
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about the importance of nutrition should be part of a pa-
tient’s care throughout their overall cancer treatment
experience.

Of interest were the observed improvements in PROs over
the three treatment cycles. Clinically significant improve-
ments were observed for the QLQ-C30 health-related quality
of life and its subscales, with statistically significant differ-
ences observed for role function, global health, and appetite
subscales. Statistically significant improvements were also
observed for NIH PROMIS pain interference, fatigue, and de-
pression. Improvements in objective measurements of activ-
ity, including increased Fitbit-assessed step counts, lower
resting heart rate, and improved sleep quality, and increased
clinic-assessed hand grip strength and walking speed were
observed, although not statistically significant. While this
study did not include a control group, clinical practice and ob-
servational studies have seen that PROs and activity metrics
remain stable and often decline over time in the absence of
an intervention. Previous studies have also reported associa-
tions between weight loss and PROs, psychological distress,
quality of life, and physical functioning.16–19 We have also
shown that physical function was ranked as highest among
NIH PROMIS PROs in a survey of pancreatic cancer patients
and physicians.20 Thus, the use of nutritional support may
provide additional benefit for the overall quality of life and
physical function in this group of patients. These findings
should be replicated in future trials and further explored in
the presence of a control group.

Additionally, we observed statistically significant correla-
tions between PROs, including physical function and fatigue,
with objective measures including DEXA body composition
metrics and Fitbit activity metrics, although these were eval-
uated as secondary outcomes and not powered for the anal-
ysis. However, these findings highlight the importance of
incorporating PROs and activity metrics into clinical trials as
meaningful outcomes in order to include the patient perspec-
tive and to demonstrate the effect of a treatment on a pa-
tient’s well-being and physical function. Furthermore, as
functional assessment and body scan measurements are not
routinely conducted often due to budget limitations and lo-
gistical issues, remote monitoring of daily activity and PROs
may serve as a supplementary tool to monitor and assess a
patient’s physical function and performance status outside
the clinic setting or when clinic assessments are not possible
or missing.21–23

We did not observe a significant difference in overall sur-
vival among evaluable patients with or without weight stabil-
ity, possibly due to the severity of disease burden or other
factors. Given the established association between cancer ca-
chexia and poor survival outcomes, a larger study to evaluate
the effect of nutritional support on survival outcomes in this
population is warranted.2

This study was limited by its small sample size, lack of
randomization and lack of control group. We were unable to

control for treatment type received and other potential con-
founding factors (e.g., stage and degree of weight loss), which
may have impacted the patient outcomes and change in body
weight. More research in a controlled setting is required to
understand the effects of different treatment regimens on
changes in patient body weight. Due to the aggressive nature
of the disease, patient dropout was also high due to patient
death or unwillingness to continue at the end stage of life,
thus introducing potential bias due to missing data. Patient
adherence to the recommended treatments and study activi-
ties was also challenging and may generate additional bias
and missing data, especially for questionnaires and PROs.

Additional therapeutic approaches to the management of
cancer cachexia are currently being explored in ongoing
studies including the MENAC trial, a Multimodal Intervention
for Cachexia in Advanced Cancer Patients Undergoing
Chemotherapy (NCT02330926), the combination of Xilonix™,
Onivyde® (nanoliposomal irinotecan) and 5-fluourouracil in
pancreatic cancer (NCT03207724), and the use of Pancreaze
(pancrelipase) for patients with exocrine pancreatic insuffi-
ciency (NCT04098237) at our centre. There have also been in-
creased organized efforts to advance and improve cancer
outcomes through the National Cancer Institute and Cancer
UK Grand Challenges, which includes a challenge to under-
stand and reverse cachexia and declining performance status
in cancer patients. Consortiums and conferences have also
been established to help accelerate the development of
anticachexia therapies and promote collaborative research
in this field, including the International Cancer Society and
Cancer Cachexia Conference.

In conclusion, findings from this study suggest that, in pa-
tients who complete treatment, enteral nutrition support
may improve weight stability, PROs, and physical function in
pancreatic cancer patients with cachexia. Given the high attri-
tion rate and small, uncontrolled nature of the study, our
findings cannot support the routine use of enteral nutrition
in advanced pancreatic cancer patients. However, we did
demonstrate feasibility of collecting detailed clinical, labora-
tory, psychometric, and biometric data over the course of
the study in this setting, providing a comprehensive account
of this population. Larger clinical trials are needed to validate
these findings and further enhance our understanding of the
role of nutritional management in pancreatic cancer.
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