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Abstract

Background Even with significant advances in surgical techniques and treatment, salvage chemotherapy remains the major
treatment strategy for patients with unresectable or metastatic gastric cancer (GC). Practical and technical advances have
simplified safe and convenient use of supplemental home parenteral nutrition (HPN). We aimed to clarify the role of HPN in
patients with incurable GC undergoing salvage chemotherapy.

Methods We enrolled 25 patients with GC with a nutritional risk index (NRI) of £ 97.5 undergoing HPN. Their nutritional status,
laboratory data, and quality of life (QoL) were analyzed using the Research and Treatment of Cancer quality of life questionnaire-
C30 before and after HPN administration at 0.5, 1, 2, and 3 months. We enrolled 25 patients with an NRI of > 97.5 not
undergoing HPN as the control group.

Results Total protein (P = 0.008), prealbumin (P < 0.001), and total cholesterol (P = 0.023) levels improved significantly after 0.5
months of HPN administration. The study group also demonstrated a marked improvement in nitrogen balance (P = 0.004) and
prealbumin levels (P < 0.012) after 1 month. Gains in body weight after 1 month and body mass index after 2 months of HPN
administration remained comparable with those of the control group. Global QoL scores were maintained and comparable with
those of the control group.

Presented at the 41st European Society for Parenteral, Enteral Nutrition
and Metabolism Congress, Krakow, Poland, 31 August to 1 September,
2019.
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Conclusions Supplemental HPN therapy for malnourished patients with unresectable or metastatic GC undergoing salvage
chemotherapy is feasible and revealed marked improvement in nutritional status. Early HPN intervention should be considered

an important part of palliative treatment for advanced GC.

Keywords Gastric cancer - Malnutrition - Home parenteral nutrition - Palliative care

Introduction

In Taiwan, gastric cancer (GC) is the sixth and fifth most com-
mon cancer in men and women, respectively, accounting for
3.8% of malignancies and 5.0% of malignancy-related deaths
in 2013 [1]. Although significant advances have been made in
surgical techniques and anticancer treatments, metastatic GC in a
significant number of patients and locally advanced stage 111 GC
in a proportion of patients remain unresectable. Therefore, sal-
vage chemotherapy is a treatment option for palliative purposes.

Patients with unresectable or metastatic GC frequently ex-
perience malnutrition, which may be secondary to immune
response and systemic inflammation, adverse events of che-
motherapy, psychological factors, and gastrointestinal (GI)
malfunction or bowel obstruction due to carcinomatosis.
Furthermore, malnutrition, especially in the context of skeletal
muscle wasting (sarcopenia), has been associated with an in-
creased risk of developing intolerance to chemotherapy. The
dosage of anticancer agents can cause increased toxicity, for
which measures taken will potentially lead to dose reduction
or treatment interruption, impaired quality of life (QoL), re-
duced performance status, and shortened survival time [2—4].
Malnutrition with poor or inadequate enteral nutrition (includ-
ing oral nutrition supplements) in patients who lack adequate
GI access or function indicates a need for parenteral nutrition
(PN) [5]. PN can supplement daily nutritional needs that are
unmet by enteral nutrition in patients with unresectable or
metastatic GC and facilitate support or restoration of nutrition-
al status. In patients with a terminal condition, PN may also
prevent death from starvation and dehydration, for example,
in patients with carcinomatosis with bowel obstruction.

Practical and technical advances have simplified the safe
and convenient use of home parenteral nutrition (HPN). HPN
can shorten in-hospital stays and increase the proportion of
care in outpatient settings. In addition, HPN is suitable for
the long-term care of patients. Therefore, it is a part of pallia-
tive care for patients with cancer and carries the potential to
increase their survival and improve their QoL [6, 7].

Methods

The protocol was approved by the local ethics committees
(KMUHIRB-2013-02-71) and was performed in accordance
with the guidelines contained in the Declaration of Helsinki of
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1975, as revised in 1996. Written informed consent was ob-
tained from patients before any study activities were per-
formed. The study was registered at www.clinicaltrials.gov
(NCTO03121807) under the trial name: Home Parenteral
Nutrition for Malnourished Unresectable Stage IV Gastric
Cancer (date of registration: 4 January 2017).

Patient eligibility

In this prospective observational study, patients (aged > 20
years) with unresectable locally advanced stage III or meta-
static (stage IV) GC who underwent salvage chemotherapy
from October 2014 to January 2019 were screened for eligi-
bility. A total of 25 patients with malnourishment and a nutri-
tional risk index (NRI) of < 97.5 comprised the study group,
who received HPN. Exclusion criteria included the following
laboratory results: absolute neutrophil count < 1.5 x 10*/pL,
platelet count < 60 x 10°/uL, hemoglobin < 8.0 g/dL, aspar-
tate aminotransferase (AST) and alanine aminotransferase
(ALT) > 3.0 x upper limit of normal (ULN) or AST and
ALT > 5.0 x ULN in patients with liver metastasis, total bil-
irubin > 2.0 x ULN, and creatinine > 2.0 X ULN or calculated
creatinine clearance < 60 mL/min. Additional exclusion
criteria included the following: heart failure (New York
Heart Association functional class > III) or stroke history;
known diabetic ketoacidosis within 7 days before initiation
of the study; body mass index (BMI) > 30 kg/mz; drug abuse
or chronic alcoholism; other life-threatening diseases; recent
emergent surgery; ongoing infection; pregnancy or lactation;
history of immunosuppressive therapy or recent immunolog-
ical diseases; and participation in another clinical study with
an investigational drug or an investigational medical device
within 1 month of the initiation of the study.

For ethical reasons, we could not reject administering sup-
plemental HPN to malnourished patients. Therefore, we en-
rolled 25 well-nourished patients with unresectable GC who
also underwent salvage chemotherapy for comparison. No
supplemental HPN was provided for these patients.

Intervention

For the study group, the PN regimen included a total caloric
supplement of 910—1800 kcal/day, consisting of 33—-60, 120—
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240, and 30-60 g/day of amino acids, glucose, and lipids,
respectively, according to patients’ calorie-protein needs,
which were estimated by dieticians of the nutrition therapy
team based on oral intake or tubal feeding. The adequacy of
supplemental HPN was assessed and the amount of supple-
mental HPN was adjusted every 2 weeks in accordance with
the nitrogen balance of each patient. In addition, the regimen
included electrolytes, microelements, and vitamins, dosed ac-
cording to the nutritional status of the patient. PN was infused
daily in an infusion time range between 18 and 24 h depend-
ing on the amount of infusion.

Nutritional, laboratory, and QoL
measurements

NRI, body weight, and BMI measurements as well as blood
tests were performed before HPN administration and at 0.5, 1,
2, and 3 months after HPN administration. Assessments in-
cluded nitrogen balance, protein (albumin, prealbumin, total
protein, and transferrin), lipids (triglycerides, cholesterol,
high-density lipoprotein (HDL), and low-density lipoprotein
(LDL)), hematology (leukocyte count and hemoglobin), gen-
eral chemistries (blood urea nitrogen (BUN) and creatinine),
and liver function tests (total bilirubin, AST, and ALT).
Nitrogen balance was calculated as daily nitrogen intake (in-
cluding enteral nutrition and PN) minus daily nitrogen loss
(24-hour urine urea nitrogen, urine nonurea nitrogen, and fecal
and skin loss, which were assumed to be 4 g/day). QoL was
assessed using the European Organization for Research and
Treatment of Cancer (EORTC) quality of life questionnaire
(QLQ)-C30 according to the same schedule.

Sample size

According to our preliminary results, nitrogen balance was —
1.92 g/day (SD, 4.48 g/day) for patients with NRI < 97.5, with
a correlation of 0.687 after HPN administration for 1 month.
Using a two-sided sample size calculation before and after the
study to detect a 2-g/day or greater difference to make nitro-
gen balance positive, the required sample size of the study
group to obtain 80% power at alpha = 0.05 was 25. For com-
parison, we enrolled 25 patients with NRI> 97.5 as the control
group, in which no HPN was administered, and the corre-
sponding parameters were collected for comparison.

Statistical analysis

The results between groups were compared using the Mann—
Whitney U test or Kruskal-Wallis test for categorical unpaired
data. The Wilcoxon rank-sum test or Friedman test was used to

analyze paired data. Fisher’s exact test was used to compare di-
chotomous variables. Pearson’s chi-square test was used to ana-
lyze nominal variables. McNemar’s test was used to analyze
paired categorical data. The means were compared using a two-
sample test, analysis of variance (ANOVA), or linear regression,
as appropriate. However, for all aforementioned inferential analy-
sis methods, the center effect was not considered when comparing
treatments. Therefore, ANOVA incorporating the center effect and
Cochran—Mantel-Haenszel test stratified by the center effect were
applied to replace the two-sample 7 test and Fisher’s exact test. For
efficacy analyses and some of the safety analyses (including labo-
ratory data and vital sign data), analysis of covariance was applied
when comparing treatment modes, with their respective baselines
as covariates. Baseline data were defined as the data obtained
before the first administration of treatment before surgery. This
approach was based on the potential effect of baseline data on
the endpoints. Endpoints were defined as the net change in post-
treatment data from baseline data. Statistical analyses were per-
formed using SPSS 20.0 (SPSS, Chicago, IL, USA). Results with
P < 0.05 were considered statistically significant.

Results
Clinical characteristics at baseline and outcomes

In the study group, NRI improved and was higher than 97.5 in 8
out of 22 patients at 0.5 months, 3 out of 19 patients at 1 month, 6
out of 12 patients at 2 months, and 3 out of 7 patients at 3 months.
Seven patients survived longer than 3 months, four patients sur-
vived longer than 4 months, and the remaining two survived
longer than 5 months, including one patient whose NRI was
higher than 97.5 at each time point after 0.5 month.
Furthermore, median overall survival was significantly shorter
in the study group than in the control group (2 vs. 19 months,
95% confidence interval (CI), 0.6-3.4 vs. 1.6-36.4, P < 0.001,
HR =4.39, 95% CI, 2.0-9.6, Fig. 1). The median HPN admin-
istration period was 135 days (range, 16-569 days). The study
and control groups before HPN administration are compared in
Table 1. Patients with malnourishment in the study group exhib-
ited significantly lower serum levels of albumin (P < 0.001),
prealbumin (P < 0.001), cholesterol (P = 0.009), HDL (P =
0.049), LDL (P = 0.037), hemoglobin (P = 0.022), and Na (P
= 0.003) compared with those in the control group.

Differences in parameters after HPN intervention in
the study group

Table 2 shows the differences in the parameters of patients in
the study group after HPN intervention. Net change in body
weight started to be positive at 1 month and BMI at 2 months
although these changes were nonsignificant. In terms of lab
assessments, albumin did not change significantly; however,
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Fig. 1 Median overall survival

Table 1 Comparison of study
group before home parenteral
nutrition with control group
(baseline)
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Study group Control group P value
NRI£97.5 (N=25) NRI > 97.5 (N=25)
Sex
Male/female 14/11 17/8 0.280
Age/median (years) 35-88/68 47-81/68 0.777
Nitrogen balance (g/day) —225+5.88 -1.78£4.90 0.774
NRI 90.5+6.4 106.5 +8.9 <0.001
Body weight (kg) 51.66 = 10.53 57.00 £9.75 0.069
BMI (kg/m?) 20.1+3.6 22+3.5 0.070
Albumin (g/dL) 3.29 +0.44 3.99 £0.38 < 0.001
Pre-albumin (mg/dL) 13.08 +5.72 19.60 + 5.97 <0.001
Total protein (g/dL) 6.02 +0.71 6.37£0.78 0.099
Triglyceride (mg/dL) 92.92 + 53.88 87.12£31.44 0.644
Cholesterol (mg/dL) 129.96 + 34.50 155.44 +31.77 0.009
HDL (mg/dL) 37.24 + 14.03 4481 +12.50 0.049
LDL (mg/dL) 73.31 +£29.78 90.73 +27.62 0.037
Transferrin (mg/dL) 188.64 + 55.58 213.88+42.93 0.079
Leukocyte (10%/uL) 6.11 £2.49 6.10 £2.61 0.989
Hemoglobin (g/dL) 10.76 £ 1.41 11.66 £ 1.27 0.022
BUN (mg/dL) 16.41 £10.48 14.88 + 8.00 0.564
Creatinine (mg/dL) 0.84 +£0.30 0.83 +£0.19 0912
Total bilirubin (mg/dL) 0.70 + 0.46 0.64 +0.26 0.550
AST (U/L) 2892 +11.35 27.72 +10.00 0.693
ALT (U/L) 21.36 +£11.47 19.36 +£7.73 0.473
UICC stage
I 10 (40%) 9 (36%) 0.771
v 15 (60%) 16 (64%)
ECOG
1 11 (44%) 14 (56%) 0.396
2 14 (56%) 11 (44%)

NRI, nutrition risk index; BMI, body mass index; HDL, high-density lipoprotein; LDL, low-density lipoprotein;
BUN, blood urine nitrogen; AST, aspartate aminotransferase; ALT, alanine aminotransferase; U/CC, Union of
International Cancer Control; ECOG, Eastern Cooperative Oncology Group



1981

Support Care Cancer (2021) 29:1977-1988

OSBIOJSUBIOUIWIE

Juiuele ‘77y ‘oseldjsuenourwe djenedse 7oy usdoniu auun poojq ‘NNg ‘uwjoadody Aysudp-mop ‘7q7 ‘uwjoadodi Aysudap-ysiy 7@y Xopul ssew Apoq ‘Jg XOpul JSLI uonLinu ‘FyN
SUOTIUDAIUI IO SYIUOW ()¢ JO UBIUI ‘(Y “UOTIUIAIUI JO)JB SYJUOWI ()7 JO UBIUW ‘#7{ “UONUIAIUIL JO)JR (JUOUI () | JO UBSUI ‘747 “UOTJUIAINUI JO) R [JUOU G*() JO UBUI ‘74 “UOTIUIAIINUI dI0JOq JO UBSWI ‘[ JA7

801°0 978 F8€S 96£°0 96’81 F €8'F 87€°0 €SO F Py vEL'O LY'TT ¥88°0 (/) LTV
700 9C6FEI'S 1€8°0 88'TTF6SL0 LESO 69'8TF8LT 009°0 99'CT F8¢€'1 (/) 1SV
0€9°0 LLOFFT0 9z€0 ISOFSTO0 88C°0 0¥’ 1 F9€0 0€0°0 YSTFSLO ('Tp/3w) uIqnuiq [elo,
LS00 TI0F 600 - 10 SI'0FL00— TLT0 61°0F 00— ¥09°0 TE0F ¥0°0 (Tp/Su) durunear)
€700 Y0y F €S°€ L8Y0 65'LF8S'1 0L6'0 ¥1'6F 800 SS90 LTTIF ST (Tp/Bw) NNd
0rE0 00CTFELO - 2900 €I'TF890— 160°0 LSTF$90— 6180 €TTF900— ('1p/3) uiqo[Sowey
919°0 9'H F €8°0 0LLO 86°C F+¢°0 0850 S8TFLED €L0°0 I EFECT (TM/,01) 214003no]
¥6L0 99'88 F 05'8 LELO 609LF 16'L LOLO 8€'8T F 95T #50°0 v6'Ch F TT81 (Tp/3w) uLLIQJSUeL],
1880 86°CEF I8'T 9110 9TETF Y IT 0190 8F' 1€ F LO'E ¥20°0 IT'STFSO€ET (TPAW) 1A1
17L°0 0TI FT — L¥T0 9 ST F9PS — 190°0 SLTTFS6'S — ¥T1o SOCIF Iy — (TP/8w) TAH
126°0 SHYEF ST 95¥°0 YO IEF 269 856'0 €9°0€ F 6£°0 €200 8L'STFEIET ('Tp/3u) Jo10180[0Y )
€800 PIHE F8€°ST 8100 LO'9Y F 80°LE 0150 68°TEFTTS 91+'0 6L'7S F 816 (Tp/Bur) 9pLIRdAISLL,
8€9°0 TLOFET0 9600 060 F0S°0 €€T0 LY0F 610 8000 T0TF290 ("Ip/3) urjoxd e30],
8020 WLFIE $90°0 88'LF VTS T10'0 SSYFI10°¢ 1000 > IS F08Y (Tp/Sw) urumqre-o1g
7680 1S0F €00 - L86°0 L9°0 F00°0 78€°0 #7°0 F 600 — 99%°0 0S'0F 800 (Tp/8) urunqry
S01°0 8TFET 8170 YTF60 o 0CF¥0— G870 LTF¥0— (;w/3) NG
011°0 LY FHEE LTTO VTS F €61 06%°0 PSSTFETY 454 PIvF VI - (83 S1om Apog
66£°0 6'8F 8T §s€0 TELFLE 08%°0 L9FTT — €11°0 YLFLT AN
LOT0 Il F¥'T 8LY0 STSFOS'I #00°0 S FLLS 895°0 SPEFELO - (Kep/3) doue[eq uaSonIN
TIN-SIN TN—IN TIN—EIN TIN—TIN
anjeA g (L =N) spuow (¢ onjea (T1 = N) syuout (g anfeA g (61 =N) puow ([ anjeA g (¢T =N) puow g0

dnoi3 Apmys ur uoninu [erjuared swoY JOe pue 210Joq UAMIq s1djowered Jo 159 7 parred Juisn sadudIOPIq g dqel

pringer

Qs



1982

Support Care Cancer (2021) 29:1977-1988

prealbumin, total protein, triglycerides, cholesterol, LDL, and
transferrin levels increased throughout the study period.
Prealbumin increased significantly at 0.5 month (P < 0.001)
and 1 month (P = 0.012); total protein (P = 0.008), cholesterol
(P =0.023), and LDL (P = 0.024) increased significantly at
0.5 month; and triglycerides increased significantly at 2
months (P = 0.018). Positive changes in nitrogen balance
began at 1 month, and the difference was significant (P =
0.004). Total bilirubin was elevated significantly at 0.5 month
(P =0.030) although the level was generally less than 2.0 mg/
dL. AST and ALT were elevated after HPN administration,
but the levels remained less than ULN.

Differences between the study group after HPN
intervention and control group

Table 3 demonstrates differences in parameters between the
study and control groups at different observation times. NRI
in the study group improved especially at 2 and 3 months but
was still worse than that in the control group (P = 0.004 and
0.010, respectively). Body weight, BMI, prealbumin, choles-
terol, HDL, and LDL of the study group were comparable
with those of the control group after 1 month (P = 0.849), 2
months (P = 0.077), 1 month (P = 0.051), 0.5 month (P =
0.352), 2 months (P = 0.129), and 0.5 month (P = 0.749),
respectively. Nitrogen balance was significantly better in the
study group than in the control group at 1 month (P = 0.011)
and 3 months (P = 0.023).

Qol at baseline

Differences in scale scores of EROTC QLQ-C30 between the
study group before treatment and control group are summa-
rized in Table 4. At baseline, compared with those in the
control group, the scores of physical functioning (PF) (P <
0.032), fatigue (FA) (P = 0.013), and appetite loss (AP) (P =
0.004) were significantly worse in the study group, but the
global QoL scores did not differ (P = 0.087) between the
two groups before HPN treatment.

Differences in QoL scores after HPN intervention in
the study group

Changes in EORTC scores after treatment initiation are shown
in Table 5. For PF, the score decreased significantly at 0.5
month (P = 0.016), 1 month (P = 0.048), and 3 months (P <
0.001). The score for role functioning (RF) decreased signif-
icantly at 0.5 month (P < 0.001), 1 month (P = 0.001), 2
months (P = 0.022), and 3 months (P = 0.006) after HPN
treatment. Both emotional functioning (EF) and social func-
tioning (SF) scores declined significantly only at 3 months (P
=0.042 and 0.033, respectively). The scores of FA (P =0.010)
and financial difficulties (FI) (P = 0.048) increased
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significantly at 3 months, whereas dyspnea (DY) scores
increased significantly at 2 months (P = 0.028). No
significant change in global QoL scores was observed
during the study period.

Differences in QoL scores between the study group
after HPN intervention and the control group

Compared with the control group at different time points after
HPN intervention, the scores of PF, RF, and SF were signif-
icantly impaired in the study group throughout the study pe-
riod, except for the SF scores at 2 months (P = 0.091). The FA
score was significantly worse in the study group than in the
control group throughout the study period (P = 0.001, 0.011,
0.007, and 0.002 at 0.5, 1, 2, and 3 months, respectively).
Compared with those of the control group, the dyspnea scores
of the study group were significantly worse at 2 months (P =
0.016) and 3 months (P = 0.023), and AP score was signifi-
cantly worse at 3 months (P = 0.035, Table 6).

Discussion

Malnutrition is a condition frequently encountered in patients
with cancer, especially in those with GC. Symptoms caused
by GC itself can include anorexia, nausea, vomiting, fatigue,
pain, gastric outlet obstruction, and impaired food intake.
Moreover, the toxicities of anticancer drugs, including muco-
sitis, constipation, and diarrhea, can exacerbate these symp-
toms and further reduce oral feeding. This is a vicious circle
and, with a long-term lack of enteral stimulation by food or
tube feeding, malnutrition results in small intestine mucosal
atrophy, reduction of mucosal cell proliferation, and corrup-
tion of intestinal mucosal barrier function [8]. In addition, the
immune response to cancer and inflammatory cytokines re-
leased by cancer cells results in systemic inflammation [9, 10],
which together with the cancer itself, increases metabolism
and energy and protein needs in turn. Essentially, psycholog-
ical stress, depression, and decreased physical activity because
of (or leading to) reduced performance status can also influ-
ence food intake. When nutrient intake fails to meet protein
and energy needs in the context of elevated metabolic rate,
depletion of body reserves results. Decline in skeletal muscle
mass, function, and quality, critical for patients with cancer,
eventually result in sarcopenia. Sarcopenia not only further
limits physical activity, but also adversely impacts the risk
of toxicity of anticancer drugs [11-13] and is associated with
shorter survival, as demonstrated by rapidly accumulating ev-
idence [14—18]. These findings are consistent with the results
of the current study, in which malnourished patients had short
median overall survival; this demonstrated that malnutrition
may reflect not only disease severity but also disease progno-
sis. NRI is a nutritional screening tool composed of the two
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Table 4 Differences of scale scores of EORTC QLQ-C30 between
study group before treatment and control group

Study group before treatment Control group at baseline P value
NRIZ97.5 (N =25) NRI > 97.5 (N =25)

Functional scales

PF  54.12+22.81 67.68 £ 20.60 0.032
RF  42.68 +26.08 56.00 +£26.91 0.082
EF  70.04 £22.57 76.12 £19.15 0.310
CF  80.60 +24.83 80.04 +20.94 0.932
SF  48.76 +23.74 61.44 £21.00 0.051
Symptom scales

FA 56.44+20.74 40.44 +£23.27 0.013
NV 34.00 +27.40 29.28 +24.25 0.522
PA 3532+31.73 34.64 £27.25 0.936
DY 8.00+19.95 3.96 £ 10.94 0.379
SL  30.56 +30.34 31.88 £22.62 0.862
AP 5876 +27.82 35.96 +25.46 0.004
CO 30.60 +28.81 22.52 +24.90 0.294
DI  13.24+23.49 10.56 +24.90 0.638
FI  41.24+27.82 41.20 £22.29 0.996
Global health status

QoL 30.64 +15.85 40.92 +24.74 0.087

EROTC, The European Organization for Research and Treatment of
Cancer; QLQ, quality of life questionnaire; PF, physical functioning;
RF, role functioning; EF, emotional functioning; CF, cognitive function-
ing; SF, social functioning; FA, fatigue; NV, nausea and vomiting; PA,
pain; DY, dyspnea; SL, insomnia; AP, appetite loss; CO, constipation; DI,
diarrhea; FI, financial difficulties; QoL, quality of life

variables of body weight loss and serum albumin level that is
simple and easily practiced, especially for outpatient visits.
However, even with its lower sensitivity and specificity com-
pared with that of the patient-generated subjective global as-
sessment (PG-SGA), both are predictive of outcomes [19].

PN is a solution for patients whose enteral nutrition does
not satisfy their daily nutrition requirements. For patients with
unresectable or metastatic GC, HPN should be considered
because inadequate food intake and anticancer therapy may
last for a protracted time. HPN reduces hospital stay and fi-
nancial costs and provides additional time to these patients to
be cared for in their familiar home environments. For appro-
priately selected patients with advanced or terminal cancer in
the context of a nonfunctioning gut or malignant bowel ob-
struction, HPN, as part of a palliative treatment, can also pre-
vent death from starvation and dehydration. In the appropriate
setting, such carcinomatosis and small bowel obstruction, can
offer the potential to prolong survival and improve QoL.

In the present study, the gains in body weight after 1 month
and in BMI after 2 months following HPN administration in
the study group remained comparable with those in the control
group. Prealbumin, cholesterol, and LDL which were

@ Springer

significantly lower in the study group before HPN administra-
tion, increased significantly at 0.5 month and were compara-
ble with those in the control group after treatment. Although
NRI improved, the difference was not significant. However,
negative nitrogen balance at baseline notably became positive
after 1 month in the study group. Eventually, nitrogen balance
was significantly higher in the study group than in the control
group at 3 months. Improvement in nutritional status was not
reflected by the albumin level in the 3-month observation
time. This is consistent with the albumin half-life of 21 days,
which implies that 100 days are required to reach a new steady
level [20]. Consistently, low levels of hemoglobin in the study
group corresponded with more serious GC, which directly
resulted in bleeding and consequent chronic anemia, as well
as serious malnutrition. Although total bilirubin, AST, and
BUN were elevated slightly in the study group, the values
remained less than ULN. Long-term HPN was notably not
associated with any deterioration in liver or kidney functions.

Before HPN was introduced, the baseline score of PF was
significantly lower, and FA and AP scores were significantly
more severe in the study group than in the control group.
Appetite increased after 0.5 month of HPN administration,
whereas FA did not change. The PF and RF scores were im-
paired as the disease progressed. The EF and SF scores de-
clined significantly at 3 months and symptoms of FA and DY
deteriorated at the end of their life. The FI scores in the study
group were comparable with those in the control group. This
may partially result from fewer in-hospital costs and partially
because the Taiwan national health insurance system covers
almost all treatment expense for patients with cancer.
Deterioration of EORTC symptom scales in the study group
is mainly related to progression of disease at the end of life,
whereas metabolic and infectious complications are the most
commonly encountered side effects of HPN administration.
Despite the adverse changes mentioned, the global QoL score
was maintained and was comparable with that of the patients
in the control group.

HPN administration in patients with incurable cancer and
life expectancy shorter than 2—-3 months has been debated [21,
22]. However, the World Health Organization (WHO) defined
palliative care as “an approach that improves the quality of life
of patients and their families facing the problems associated
with life-threatening illness, through the prevention and relief
of suffering by means of early identification and impeccable
assessment, and treatment of pain and other problems—phys-
ical, psychosocial, and spiritual” [23]. Moreover, PN has be-
come an integral part of palliative care for patients with cancer
[6]. Recent studies have demonstrated significant improve-
ments in global the QoL and nutritional status of patients with
cancer after 4 weeks of HPN administration [24-26]. Cotogni
et al. also reported that global QoL, PF, RF, EF, FA, and AP
exhibited a significant favorable trend in patients with ad-
vanced cancer receiving oncological treatment with a median
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survival of 4.7 months. These results were consistent with
those of a study conducted by Vashi et al. [27], which dem-
onstrated that HPN administration was positively associated
with improved QoL and nutritional status in patients with
advanced cancer with compromised enteral intake and malnu-
trition. Furthermore, the greatest benefit was observed in pa-
tients with at least 3 months of HPN administration; however,
significant improvement was also observed in those receiving
HPN for 1 or 2 months. Although it is not demonstrated in the
current study, Chermesh et al. concluded that HPN adminis-
tration prevents death from starvation in patients with incur-
able cancer without oral intake and prolongs survival
[28]. Moreover, HPN administration does not deteriorate
QoL among caregivers [29]. Therefore, HPN administra-
tion meets the WHO definition and can be a critical,
integral part of palliative care.

This study had several limitations. First, this was an obser-
vational prospective study with a small number of partici-
pants, and it may not have sufficient power to draw definite
conclusions. However, performing a randomized trial is chal-
lenging because it involves including patients with
malnourishment in the control group, which is unacceptable
for ethical reasons. Second, the appropriateness of offering
HPN to patients who are not expected to live longer than 2—
3 months can be debated. However, recent evidence has dem-
onstrated positive results of HPN in certain patients with ter-
minal cancer. As such, HPN meets the WHO definition of
palliative care.

Conclusion

Supplemental HPN administration had a positive impact on
nutritional status and QoL in patients with malnourishment
and incurable GC shortly after the initiation of treatment, de-
spite being a small-sample study with limitations.
Supplemental HPN was well tolerated, with no liver or kidney
damage and can be reasonably included as an integral part of
palliative care for appropriately chosen patients with terminal
cancer with malnutrition. Early HPN intervention is impera-
tive for malnourished patients with unresectable or metastatic
GC undergoing salvage chemotherapy.
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