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Abstract
Purpose The international guidelines recommend the use of supplemental parenteral nutrition (SPN) in cancer patients when they
are malnourished and hypophagic and where enteral nutrition is not feasible. However, there are limited data on the short-term
effects of SPN in this patient population.
Methods The aim of this bicentric single-arm clinical trial (NCT02828150) was to evaluate the effects of early 7-day SPN on
bioimpedance vectorial analysis (BIVA)–derived body composition, handgrip strength (HG), and serum prealbumin (PAB) in
131 hypophagic, hospitalized cancer patients at nutritional risk, with contraindications for enteral nutrition.
Results One hundred eighteen patients (90.1%) completed the 7-day SPN support regimen and 102 of them (86.4%) were in
advanced disease stage.

SPN induced a significant improvement of phase angle (PhA, + 0.25 [95% CI 0.11, 0.39]; p = 0.001), standardized phase
angle (SPA, + 0.33 [95% CI 0.13, 0.53]; p = 0.002), HG (+ 2.1 kg -95% CI 1.30, 2.81]; p < 0.001), and PAB (+ 3.8 mg/dL [95%
CI 2.1, 5.6]; p < 0.001).

In multivariable analysis, the effects on BIVA parameters were more pronounced in patients (N = 90, 76.3%) in whom
estimated protein and calorie requirements were both satisfied (adjusted difference: PhA, + 0.39 [95% CI 0.04, 0.73]; p =
0.030; SPA, + 0.62 [95% CI 0.16, 1.09]; p = 0.009).

No significant changes in hydration status were detected and no severe metabolic or other complications occurred.
Conclusions Early 7-day SPN resulted in improved body composition, HG and PAB levels in hypophagic, and hospitalized
cancer patients at nutritional risk in the absence of any relevant clinical complications. Further trials, aimed at verifying the
efficacy of this early nutritional intervention on mid- and long-term primary clinical endpoints in specific cancer types, are
warranted.

Electronic supplementary material The online version of this article
(https://doi.org/10.1007/s00520-018-4527-0) contains supplementary
material, which is available to authorized users.

* Riccardo Caccialanza
r.caccialanza@smatteo.pv.it

1 Clinical Nutrition and Dietetics Unit, Fondazione IRCCS Policlinico
San Matteo, Viale Golgi 19, 27100 Pavia, Italy

2 Biometry and Clinical Epidemiology Service, Fondazione IRCCS
Policlinico San Matteo, Pavia, Italy

3 Clinical Nutrition Service, Veneto Institute of Oncology-IRCCS,
Padua, Italy

4 Medical Oncology Unit, Fondazione IRCCS Policlinico San Matteo,
Pavia, Italy

5 Division of Hematology, Fondazione IRCCS Policlinico San Matteo
and Department of Molecular Medicine, University of Pavia,
Pavia, Italy

6 Department of Otolaryngology Head Neck Surgery and Fondazione
IRCCS Policlinico San Matteo, University of Pavia, Pavia, Italy

7 Medical Oncology 1, Veneto Institute of Oncology-IRCCS,
Padua, Italy

8 Medical Oncology Unit, Fondazione IRCCS Policlinico San Matteo
and Department of Internal Medicine, University of Pavia,
Pavia, Italy

Supportive Care in Cancer (2019) 27:2497–2506
https://doi.org/10.1007/s00520-018-4527-0

http://crossmark.crossref.org/dialog/?doi=10.1007/s00520-018-4527-0&domain=pdf
http://orcid.org/0000-0002-9379-3569
https://doi.org/10.1007/s00520-018-4527-0
mailto:r.caccialanza@smatteo.pv.it


Keywords Supplemental parenteral nutrition . Cancer . Malnutrition . Bioelectrical impedance vectorial analysis . Body
composition . Handgrip strength

Introduction

Malnutrition is common in cancer patients and negatively affects
treatment tolerance, survival, functional status, and quality of life
[1–4]. It is known that nutritional status tends to worsen during
hospitalization [5, 6] and that inadequate nutritional support may
negatively affect not only nutrition and function but also prog-
nosis in cancer patients [2, 7]. In recent years, there is growing
evidence that increased treatment toxicity and poorer prognosis
are associated with lean body mass loss [8], which leads to
sarcopenia in the most common cancer types [9–11] and, conse-
quently, to impaired functional status and quality of life [12–14].
Therefore, more proactive or even intensive nutritional support
should be considered in this patient population [15].

The most recently available guidelines recommend the use
of supplemental parenteral nutrition (SPN) during non-
surgical therapy (grade C), if cancer patients are malnour-
ished, hypophagic, or affected by iatrogenic gastrointestinal
complications, and if enteral nutrition is not feasible [3, 4].
However, a recent task force of the American Society for
Parenteral and Enteral Nutrition (ASPEN) has recommended
artificial nutrition, including PN, at the earliest opportunity in
malnourished patients [16]. Unfortunately, by following stan-
dard guideline-based nutritional intervention algorithms, SPN
is neglected as a useful short-term strategy, in the hospital
setting [15]. The limited available evidence on the efficacy
of SPN in cancer patients is positive, in particular with regard
to quality of life [17], but mostly refers to mid-term interven-
tions (> 3 months) and it is not sufficient to recommend its use
routinely [18–21]. Furthermore, there is no data on the short-
term effects of SPN on this patient population, for example,
during acute or elective hospitalization.

Indeed, another major problem is the lack of reliable pa-
rameters with which to monitor the efficacy of SPN in the
short term. In a recent study, we have demonstrated that phase
angle (PhA) and handgrip strength (HG) variations are early
markers of anabolic/catabolic impairment [22]. Furthermore,
several studies have proven that PhA and standardized PhA
(SPA) predict prognosis (mortality, disease progression, inci-
dence of postoperative complications, length of hospital stay)
in different cancer populations [23] and that PhA is a reliable
marker for the detection of sarcopenia in cancer patients [24,
25]. Useful prognostic information in cancer patients is also
provided by the measurement of HG [26] and serum
prealbumin (PAB) [27], which are both influenced by nutri-
tional support [22, 28].

The aim of this bicentric single-arm clinical trial
(NCT02828150) was to evaluate the effects of early 7-day

SPN on bioimpedance vectorial analysis (BIVA)–derived
body composition, HG, and PAB in hypophagic, hospitalized
cancer patients at nutritional risk.

Methods

Subjects

The subjects were hypophagic, hospitalized non-surgical pa-
tients with different cancer types (Table 1), at nutritional risk,
assessed during nutritional consultations carried out within
24 h of admission by the staff of the Clinical Nutrition and
Dietetics Unit in the Medical Oncology Unit of the
Fondazione IRCCS Policlinico San Matteo (Pavia, Italy) and
by the Clinical Nutrition Service in the Medical Oncology
Unit 1 of the Veneto Institute of Oncology-IRCCS (Padova,
Italy).

Inclusion criteria

– Oncologic disease included in the following diagnostic
groups: head and neck, lung, upper gastrointestinal tract,
pancreas and biliary tract, colon and rectum, non-myeloid
hematological disorders;

– Nutritional Risk Screening 2002 [29] score ≥ 3;
– presence of hypophagia (estimated oral intake < 60% of

estimated caloric requirements);
– contraindication for enteral nutrition by tube in the view

of the clinical nutritionists (i.e., presence of diarrhea,
vomiting, nausea, mood disorders, tube dislocation risk)
or patient’s refusal;

Table 1 Study population by cancer site and stage

Cancer site Overall Assessed at 1 week

All (N) Stage 4 (N) All (N) Stage 4 (N)

Head and neck 19 15 18 15

Gastroesophageal 22 22 20 18

Pancreas, liver, and
intrahepatic bile ducts

13 13 11 11

Colorectal 15 15 14 14

Genitourinary 20 13 20 13

Respiratory 19 18 15 15

Hematologic 18 12 16 12

Others 5 5 4 4

Total 131 113 118 102
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– clinical and logistical practicality of SPN for at least seven
consecutive days;

– a priori feasibility of instrumental measurements; and
– written informed consent.

Exclusion criteria

– Age < 18 years;
– Eastern Cooperative Oncology Group performance status

> 2 [30];
– preadmission home artificial nutrition;
– fasting glycemia ≥ 200 mg/dL and/or serum triglycerides

≥300 mg/dL at admission; and
– hemodynamic instability or signs of cardio-respiratory

insufficiency at admission.

Assessments

– Demographic and clinical data: age, sex, diagnosis, onco-
logic stage, and reasons for hospital admission.

– Anthropometry: body weight [at the nearest 0.1 kg;
Wunder mechanical weighing scales]; 6-month and 1-
month previous unintentional body weight loss; height
[at the nearest 0.5 cm]; body mass index (BMI).

– Nutritional requirements: energy needs were estimated
multiplying the resting energy expenditure calculated by
the Harris-Benedict equation by a correction factor of 1.5
(in obese patients [BMI > 30 kg/m2], ideal body weight
[i.e., with BMI = 23 kg/m2] was used in the equation),
while protein requirements were set to 1.5 g/kg actual
body weight (in obese patients [BMI > 30 kg/m2] =
1.5 g/kg ideal body weight [i.e., with BMI = 23 kg/m2]).

– Calorie and protein oral intakes at the initial baseline visit
were estimated by 24-h dietary recall, while total energy
and protein intakes throughout the treatment period were
calculated as the mean of three evaluations [at first visit,
day 3, and day 7] and included 24-h dietary recalls and
SPN prescriptions; intakes were considered satisfied
when total energy and protein requirements were ≥ 90%
and ≥ 1.5 g/kg/day, respectively.

– Blood tests: glycemia (plus fingersticks three times on
days 1 and 2, then if indicated thereafter), Na, K, Cl,
Ca, Mg, P [at first visit, day 1, day 3, and day 7]; triglyc-
erides, serum creatinine, urea [at first visit, day 3, and day
7]; total cholesterol, HDL cholesterol, GGT, ALT, AST,
total bilirubin, PAB, C-reactive protein (CRP) [at first
visit and day 7].

– BIVA: the Nutrilab bioimpedance vector analyzer (Akern
s.r.l.) was used. The method involved a tetrapolar tech-
nique to deliver a single-frequency electrical current of
50 kHz (± 5%). The external calibration of the analyzer

was checked daily using an impedance calibration circuit
(R = 470 Ω, Xc = 90 Ω). The testing procedure was con-
ducted in line with methods described by Lukaski [31,
32] and other recommendations [33, 34]. Then, the im-
pedance vector (Z) was plotted as a bivariate vector from
its components, R (X axis) and Xc (Y axis), after being
standardized by height; this forms two correlated normal
random variables (i.e., a bivariate Gaussian vector) [35].
Elliptical probability regions of the mean vector are plot-
ted on the RXc plane forming elliptical probability re-
gions on the RXc plane, which are tolerance ellipses for
individual vectors and confidence ellipses for mean vec-
tors [36, 37]. Tolerance ellipses are the bivariate reference
intervals of a normal population for an observation. The
RXc graph features three tolerance ellipses: the median,
the third quartile, and the 95th percentile (i.e., 50%, 75%,
and 95% of individual points). Participant data were plot-
ted on the RXc point graph using the 50%, 75%, and 95%
tolerance ellipses from a non-cancer reference population
(BIVA point graph analysis) [36]. Hydration status was
determined by the individual’s baseline bioimpedance
vector position on the BIVA RXc nomogram and the
calculation of the new Hydragram® scale, which allows
the immediate, bedside classification of hydration.

– Muscle strength: HG was measured by a digital hand
dynamometer; (DynEx™, Akern/MD Systems).

Treatment

Treatment consisted of 7-day SPN using multi-chamber bags
containing glucose, amino acids, with or without olive oil—
based lipids, and electrolytes (Olimel®/Clinimix®, Baxter,
Chicago, IL, USA), and supplemented with multivitamin
(Cernevit™ Baxter, Chicago, IL, USA) and multimineral
trace elements (Addamel N®, Fresenius Kabi, Bad
Homburg, Germany). SPN was infused via either central or
peripheral infusion lines (as available at admission) for 12–
24 h per day according to the clinical status of the patient and
the availability of hospital facilities. Patients were encouraged
to continue eating with individual tolerance in mind, and die-
tary modifications were made according to patients’ prefer-
ences. SPN was firstly prescribed in accordance with clinical
conditions (hydration status) and biochemical data (baseline
serum electrolytes, glucose, and lipids), in order to satisfy the
estimated energy and protein requirements at admission. In
particular, PN bags without lipids were prescribed in the pres-
ence of basal triglycerides levels > 200 mg/dL. Oral intake
was reassessed on day 3 and SPN prescription was adapted
accordingly, when possible. Home PN (HPN) was prescribed
to patients who had insufficient oral intake before discharge
[3, 4].
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Endpoints

The primary endpoint was the change in PhA after 7 days of
SPN. Secondary endpoints were the change in SPA (key sec-
ondary), body weight, BMI, HG, and the prevalence of
treatment-related clinical (infections; cardiac, renal, and respi-
ratory dysfunctions; hypertension; clinically evident fluid re-
tention [presence of Hydragram® scale variation > 5% with a
vectorial shift above the 75% tolerance ellipse]; and peripheral
phlebitis) and metabolic complications occurring during the
treatment period (definitions are provided in Supplementary
Table 1). An exploratory evaluation of the effect of support on
PAB was also considered.

Statistics

A sample size of 109 patients was calculated, based on our
previous data [31], as necessary to detect a difference inmeans
of 0.5° (between a baseline mean PhA of 5.0° and a 7-day
PhA mean of 5.5°; 10% increase), assuming a standard devi-
ation of differences of 1.5° and 80% power and using a paired
t test with a 0.010 two-sided significance level (the conserva-
tive alpha level being chosen to allow for multivariable
analyses).

Continuous variables were presented as means and stan-
dard deviations (SDs) or medians and interquartile ranges
(IQRs). Categorical variables, including clinical complica-
tions (infections, cardiac, renal, and respiratory dysfunctions;
hypertension; fluid retention; peripheral phlebitis), were de-
scribed as counts and percentages. Pre-SPN characteristics
were compared between patients achieving and those not
achieving estimated energy requirements, by using either the
unpaired Student’s t test or the Mann-Whitney U test (as ap-
propriate) and the Fisher exact test for continuous and cate-
gorical variables, respectively.

Patients undergoing the primary endpoint evaluation were
included in efficacy analysis. Values of PhA, SPA, anthro-
pometry, HG, and PAB at the end of SPN were compared to
baseline by means of generalized linear models for repeated
measures, with calculation of robust Huber-White standard
errors to account for intra-patient correlation. We also fitted
a multivariable generalized regression model on the computed
change for PhA and SPA to assess the influence of whether the
energy intake was satisfied, while adjusting for a series of
potential confounders; these were identified a priori based
upon their clinical value and included age, gender, TNM class
(0–2/3–4), weight loss in the previous 6months, baseline CRP
levels, type of venous access (central/peripheral), change in
calorie and in protein intake, and change in the Hydragram®
scale.

Patients receiving at least one SPN infusion were included
in safety analysis.

All statistical analyses were performed using STATA 15.1
statistical software (Stata Corporation, College Station, TX,
USA). A two-sided p level of < 0.05 was adopted as
significant.

Results

Of the 149 screened patients, 131 were eligible for enrollment.
Thirteen patients (10%) were not evaluable at 7 days
(dropouts) and were not included in the final analyses. Their
baseline characteristics were not different from those of pa-
tients completing the study (Tables 1 and 2). Reasons for
dropout were as follows: unplanned anticipated discharge
(n = 8), worsening of clinical conditions (n = 4), unplanned
surgical intervention (n = 1), refusal to complete the interven-
tion (n = 1). HPN was prescribed to 42 patients (35.6% of the
analyzed sample).

Efficacy analyses

Of the 118 patients included in the final efficacy analyses, 102
were in advanced disease stage (86.4%), 101 (85.6%) received
chemotherapy (N = 16, adjuvant; N = 27, first line; N = 14,
second line; N = 21, third line; N = 23, maintenance), and 8
(6.8%) received radiotherapy during hospitalization, while the
other 9 (7.6%) were admitted exclusively for supportive care;
18 patients (15.2%) were contemporarily followed by our
Palliative Care Unit. After the day 3 checks, SPN prescription
was modified in 10 patients (8.5%), while we were unable to
increase the intake of calories and/or amino acids in 33 pa-
tients (27.9%), due to difficulties with peripheral access and/or
the risk of fluid overload or metabolic derangements. Overall,
among patients completing the 7-day intervention, 90 (76.3%)
attained the estimated energy and protein requirements.

Patients satisfying the estimated protein-calorie require-
ments were those presenting at a younger age, and/or who
had a lower weight and BMI, lower CRP levels, greater pro-
tein and calorie intake, and a marginally significant greater
HG at baseline. Changes in energy and protein intakes in the
study population at day 7 are reported in Table 3.

SPN resulted in a significant improvement in PhA (+ 0.25°
[95% CI 0.11, 0.39]; p = 0.001) and in all the other secondary
efficacy endpoints (Table 4). The changes in mean impedance
vectors and confidence ellipses on the BIVA nomogram by
gender for the overall population are reported in Fig. 1, while
treatment effects according to gender, together with the
achievement of estimated protein-calorie requirements, are
presented in Fig. 2.

In multivariable analysis, the effects on BIVA parameters
were more pronounced in patients (N = 90, 76.3%) in whom
estimated protein and calorie requirements were both satis-
fied: adjusted difference in PhA (+ 0.39 [95% CI 0.04,
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0.73]; p = 0.030 (crude change in the satisfied group, + 0.36
[95% CI 0.21, 0.52]; crude change in the unsatisfied group, −
0.11 [95% CI − 0.40, 0.17])); adjusted difference in SPA (+
0.62 [95% CI 0.16, 1.09]; p = 0.009 (crude change in the sat-
isfied group, + 0.51 [95% CI 0.29, 0.74]; crude change in the
unsatisfied group, − 0.26 [95% CI − 0.65, 0.14])).

Safety analyses

At the end of the study period, we registered fluid retention in
11 patients (9.3%), hyperglycemia in 4 patients (3.1%),
hypertriglyceridemia in 8 patients (6.1%), and hypokalemia
(K = 2.88 mEq/L) in 1 patient (0.8%). Among the subjects
with basal normal liver function (99, 75.6%), at day 7, we
found ALT, AST, and GGT levels two times above the upper
normal ranges in 8 (8.1%), 4 (4.1%), and 0 patients, respec-
tively. Eight out of these 12 patients (66.7%) were concomi-
tantly receiving CT during the hospital stay.

Hyperglycemia was corrected by adding insulin to the PN
bags, hypertriglyceridemia by reducing or avoiding the infu-
sion of lipids, and hypokalemia by adding potassium chloride
to the PN bags. All the other blood tests improved or did not
substantially change. Interestingly, 7 out of the 11 patients

with fluid retention (63.6%) did not meet protein
requirements.

No infectious complications occurred.

Discussion

This study provides the evidence that strictly monitored early
short-term SPN results in the improvement of BIVA-derived
body composition, functional status (HG), and PAB in
hypophagic hospitalized cancer patients at nutritional risk, in
the absence of any relevant clinical complication. It also un-
derlines the relevance of fully satisfying both calorie and pro-
tein requirements for the initial improvement of nutritional
status in this patient population.

Preliminary data from small samples of malnourished pan-
creatic cancer patients showed that SPN may be effective in
improving nutritional status as assessed by BIVA [18, 19].

However, in these studies, treatment initiation and/or dura-
tion was heterogeneous and the improvements lasted only a
few weeks.

A recent randomized study [37] found a beneficial effect on
body weight (+ 1.7 kg) of routine in-hospital peripheral PN on
fasting days (1000 mL/24 h, 700 kcal) in 100 patients

Table 2 Clinical features of the study population according to 7-day reassessment and the satisfaction of estimated energy requirements

Variable Assessed at 1 week
(N = 118)

Satisfied (N = 90) Not Satisfied (N = 28) p valuea Dropout (N = 13) p valueb

Gender (male), N (%) 76 (64.4) 59 (65.6) 17 (60.7) 0.66 10 (76.9) 0.54
Age (years), mean (SD) 59.9 (14.7) 58.1 (14.3) 66.0 (14.5) 0.012 62.1 (13.7) 0.62
Cancer stage = 4, N (%) 102 (86.4) 79 (87.8) 23 (82.1) 0.53 11 (84.6) 1.00
Baseline body weight (kg), mean (SD) 57.1 (11.2) 55.1 (10.3) 63.4 (12.2) 0.001 56.5 (14.1) 0.85
Baseline body mass index (kg m−2), mean (SD) 20.3 (3.6) 19.6 (3.3) 22.5 (4.0) < 0.001 19.7 (3.0) 0.58
6-month weight loss (%), mean (SD) 14.0 (7.7) 14.7 (6.9) 12.0 (9.7) 0.29 14.0 (7.8) 0.41
NRS-2002 score, median [IQR] 3.7 (0.9) 3.7 (0.9) 3.8 (0.8) 0.86 4.1 (0.9) 0.20
Phase angle (°), mean (SD) 4.12 (1.23) 4.23 (1.25) 3.78 (1.11) 0.51c 4.15 (0.90) 0.91c

Standardized phase angle, mean (SD) − 1.58 (1.55) − 1.55 (1.44) − 1.66 (1.88) 0.75 − 1.73 (1.42) 0.75
Body cell mass (kg), mean (SD) 18.7 (6.5) 19.0 (6.5) 17.7 (6.5) 0.96c 19.2 (6.1) 0.97c

Total body water (L), mean (SD) 34.4 (6.3) 34.3 (6.5) 34.7 (5.9) 0.48c 34.1 (6.3) 0.49c

Hydragram (%), mean (SD) 76.3 (5.5) 76.0 (5.4) 77.2 (5.6) 0.30 76.2 (3.3) 0.97
Handgrip strength (kg), mean (SD) 18.8 (9.3) 19.7 (9.1) 15.8 (9.3) 0.30c 15.7 (6.9) 0.18c

Prealbumin (mg/dL), mean (SD) 16.4 (7.5) 16.7 (7.4) 15.5 (7.6) 0.81c 19.3 (4.0) 0.20c

C-reactive protein (mg/dL), mean (SD) 5.7 (7.3) 4.9 (6.2) 8.3 (9.5) 0.032 4.9 (3.9) 0.77
Administration of PN (central infusion line), N (%) 67 (56.8) 56 (62.2) 20 (71.4) 0.50 7 (53.8) 1.00
Estimated energy requirements (kcal/day), mean (SD) 1913 (297) 1896 (294) 1971 (303) 0.24 1871 (384) 0.67
Estimated energy requirements (kcal/kg/day), mean (SD) 34.0 (4.2) 34.7 (3.6) 31.7 (5.2) 0.001 33.7 (4.4) 0.85
Estimated protein requirements (g/day), mean (SD) 85.6 (16.7) 82.7 (15.4) 95.1 (18.5) 0.001 84.1 (22.7) 0.78
Estimated protein requirements (g/kg/day), mean (SD) 1.5 (0.1) 1.5 (0.1) 1.5 (0.1) 1.00 1.5 (0.1) 1.00
Baseline energy intake (kcal/day), mean (SD) 584 (258) 627 (272) 446 (136) 0.001 600 (257) 0.85
Baseline energy intake (kcal/kg/day), mean (SD) 10.6 (5.0) 11.6 (5.1) 7.4 (3.1) < 0.001 11.2 (4.9) 0.74
Percentage of requirements (%), mean (SD) 30 (15) 33 (16) 22 (11) < 0.001 33 (13) 0.60
Baseline protein intake (g/day), mean (SD) 22.4 (12.2) 25.0 (12.3) 14.0 (6.8) 0.001 26.3 (16.8) 0.35
Baseline protein intake (g/kg/day), mean (SD) 0.40 (0.24) 0.45 (0.24) 0.22 (0.14) < 0.001 0.47 (0.27) 0.41
Percentage of requirements (%), mean (SD) 27 (16) 30 (16) 15 (10) < 0.001 31 (18) 0.41

a For comparison between patients satisfying and those not satisfying protein-calorie requirements by unpaired Student’s t test or Fisher’s exact test or
linear regression
b For comparison between patients assessed at 1 week and dropout by unpaired Student’s t test or Fisher’s exact test or linear regression analysis
c Adjusted for age and gender
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undergoing in-hospital work-up for biliopancreatic mass le-
sions, irrespective of their nutritional status. After a median
7-day duration, PN was even more effective in patients with
malignant lesions (+ 2.7 kg), but was accompanied by the
decrease in PhA and the increase in extracellular mass/water.
These results are not surprising, considering that SPN was
provided on fasting days and that even patients receiving PN
were substantially underfed. In line with this evidence, the
results of our trial highlight the importance of avoiding not
only fasting but also underfeeding. PhA did not improve in
patients not achieving the estimated requirements and most
patients with fluid retention did not satisfy protein
requirements.

Therefore, two critical issues need to be discussed more
extensively: the timing of PN initiation and the amount of
protein and calories to be provided. A very recent critical
review of the guidelines by the European Society on Clinical
Nutrition andMetabolism (ESPEN), of the ASPEN consensus
statements and the available literature, has suggested that SPN
should begin at hospital admission in non-intensive care

malnourished patients [15, 16]. The ESPEN guidelines rec-
ommend with a low level of evidence the use of PN if oral/
enteral food tolerance is insufficient to supply the required
amounts of energy and nutrients [3]. However, by following
standard nutritional treatment algorithms, in the context of full
evaluation of oral and enteral nutrition feasibility and efficacy,
PN is not likely to be implemented as a short-term strategy, or
in acute conditions. Nonetheless, the efficacy of enteral vs
parenteral nutrition in patients with inadequate nutritional in-
take undergoing curative anticancer treatment remains an
open issue for research [3], bearing in mind that SPN is ap-
parently the most frequent modality of administration of PN
support in cancer patients [38].

With respect to energy and protein intakes, guidelines recom-
mend providing 25–30 kcal/kg/day and up to 1.5 g/kg/day, re-
spectively [3, 4]. Interestingly, the mean total energy and protein
intakes given to our patients were 36 kcal/kg/day and 1.6 g/kg/
day, which increased up to 39 kcal/kg/day and 1.7 g/kg/day in
those patients who fully attained estimated requirements, while
patients not attaining them received 28 kcal/kg/day and 1.2 g/kg/

Table 3 Change in energy intake
in the study population after one-
week personalized nutritional
support according to the satisfac-
tion of stimated energy
requirements

Variable Overall (N = 118) Satisfied (N = 90) Not satisfied (N = 28) p valuea

Final energy intake, mean (SD)

Total (kcal/day) 2016 (340) 1986 (334) 2111 (346) 0.090

Total (kcal/kg/day) 36.4 (8.5) 39.1 (7.7) 27.8 (4.6) < 0.001

Percentage of requirements 106 (18) 112 (16) 88 (11) < 0.001

Oral food 14.1 (6.3) 16.1 (5.8) 7.6 (2.7) < 0.001

Supplemental PN 22.3 (5.6) 23.0 (6.0) 20.2 (3.6) 0.020

Final protein intake, mean (SD)

Total (g/day) 88.6 (15.6) 88.2 (15.1) 90.0 (17.2) 0.60

Total (g/kg/day) 1.59 (0.31) 1.71 (0.22) 1.19 (0.15) < 0.001

Percentage of requirements 106 (20) 114 (15) 79 (10) < 0.001

Oral food 0.64 (0.25) 0.73 (0.19) 0.32 (0.15) < 0.001

Supplemental PN 0.95 (0.20) 0.98 (0.20) 0.87 (0.18) 0.008

a For comparison between patients satisfying and not satisfying protein-calorie requirements by unpaired
Student’s t test or Fisher’s exact test or linear regression

Table 4 Analysis of the primary,
secondary and exploratory
endpoints in patients completing
the one-week personalized nutri-
tional support

Endpoints Baseline

Mean (SD)

Day 7

Mean (SD)

Mean change (95% CI) p value

Phase angle (°) 4.12 (1.23) 4.37 (1.30) 0.25 (0.11–0.39) 0.001

Standardized phase angle − 1.58 (1.55) − 1.25 (1.75) 0.33 (0.13–0.53) 0.002

Body weight (kg) 57.1 (11.2) 57.8 (11.4) 0.7 (0.4–1.1) < 0.001

Body mass index (kg m−2) 20.3 (3.6) 20.6 (3.6) 0.3 (0.1–0.4) < 0.001

Handgrip strength (kg) 18.8 (9.3) 20.9 (9.3) 2.1 (1.3–2.8) < 0.001

Prealbumin (mg/dL) 16.4 (7.5) 20.2 (10.2) 3.8 (2.1–5.6) < 0.001

SD, standard deviation
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day. Hence, protein-calorie targets need to be reconsidered, at
least in severely hypophagic, malnourished advanced cancer
patients. A recent trial on enteral nutrition in head and neck
cancer patients showed that the average caloric intake sufficient
to maintain body weight during CT-RTwas 35 kcal/kg/day [39],
and in the same patient population, it has already been proposed
that requirements should be tailored on usual body weight be-
fore diagnosis [40]. An interesting aspect is that the difference in
total calorie and protein intakes between those patients who
meet the estimated requirements, and those who do not, was
due to oral intake, which can be difficult to increase in poor
responders due to their clinical condition. Besides, protein intake
appeared to be the major determinant of fluid retention,
supporting the critical role of protein supply in the anabolic
pathways of cancer patients [3]. Although we could have hypo-
thetically risked overfeeding patients, the strict monitoring
meant we observed only a few and easily remedied metabolic
complications. At the same time, the prescription of SPN ac-
cording to the clinical conditions, which included the evaluation

of basal hydration status by BIVA, allowed us to minimize the
proportion of patients with fluid retention occurring.

All these considerations are consistent with the tight ca-
loric control (TiCaCo) approach proposed in oncology by
De Waele and colleagues [41]. Unlike the TiCaCo pilot
study, we did not use indirect calorimetry to assess energy
requirements. This could have impaired the accuracy of our
intervention, but, on the other hand, indirect calorimetry is
still expensive, time-consuming, and hardly feasible in the
everyday clinical activity of most oncologic centers.
However, indirect calorimetry remains a tool of paramount
importance, whose recent technical developments will al-
low a broader use in patients with different diseases and
clinical conditions and may contribute to optimize the effi-
cacy and safety of nutritional therapy in the future [42].

We recognize the following limitations. A possible critical
aspect may be single-arm study design. A concomitant com-
parative arm would have enabled the detection of a proper
cause-effect relationship between SPN and the selected end-
points. However, the use of placebo (hydration) would have
been unethical, while a comparison with the guidelines-based

T0 - All pa�ents (n=75)

T7

T0 - All pa�ents (n=43)

T7

a

b

Fig. 1 Changes in mean impedance vectors and confidence ellipses on
the BIVA nomogram by sex for the overall study population

T0 - All pa�ents (n=75)

T7 - Intake sa�sfied (n=58)

T7 - Intake not sa�sfied (n=17)

.
.

T0 - All pa�ents (n=43)

T7 - Intake sa�sfied (n=32)

T7 - Intake not sa�sfied (n=11)

Fig. 2 Changes in mean impedance vectors and confidence ellipses on
the BIVA nomogram according to gender and the satisfaction of
estimated energy and protein requirements
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nutritional support algorithm would have probably resulted in
inadequate protein-calorie intake in several patients due to the
delay in satisfying the estimated requirements. Nonetheless,
the significant differences detected between patients satisfying
and those not satisfying the estimated nutritional requirements
support for the effectiveness of the intervention.

We are aware that the 7-day treatment duration may
limit the relevance of the results; however, it corresponds
to the median time of hospitalization in our Institution and
it is consistent with the study of Krüger and colleagues
[37]. We are also conscious that our endpoints were based
on secondary nutritional and functional parameters, al-
though they are associated with primary clinical out-
comes. Moreover, our population consisted of a very frag-
ile class of oncologic patients, i.e., requiring admission
for active treatments or supportive care, for different can-
cer types of varying prognoses. This reflects the reality of
hospital everyday life, but limits the specificity of our
findings. Therefore, we acknowledge that this study is
propaedeutic to future trials aimed at verifying the clinical
efficacy of this early nutritional approach in the mid and
long term in specific cancer types. Indeed, one such trial
is currently being designed by our group for newly diag-
nosed metastatic gastric cancer patients.

We should point out that our study has several
strengths and interesting aspects, which make it innova-
tive and useful for the development of new therapeutic
approaches. First, it indicates that early SPN can safely
bring to the improvement of relevant nutritional parame-
ters in one of the most fragile hospital populations, such
as hypophagic, advanced cancer patients at nutritional risk
with contraindications for enteral support, in a time frame
which may correspond to the median hospital stay. This
implies that an early approach, followed by strict moni-
toring of SPN adequacy and safety, could be adopted dur-
ing hospitalization in a large clinical population, in whom
other nutritional support strategies may not be tolerated or
practicable, thereby satisfying an unmet need and
avoiding detrimental weight loss [43]. In this scenario,
our data suggest that the systematic use of BIVA in the
monitoring of SPN is feasible and may assist in improving
the accuracy of the clinical assessment and the quality and
efficacy of nutritional interventions.

With respect to this last issue, also, PAB has gained the
interest of clinicians because of its short half-life (2 days),
which permits not only the detection of short-term impair-
ment in energy balance but also the monitoring of the
effectiveness of nutritional support [27, 28]. An associa-
tion between reduced PAB and adverse outcomes has
been detected in several chronic diseases [28]. Similarly,
HG is a simple and inexpensive prognostic marker in
cancer patients [26, 44]. A recent study showed that HG
was compromised (− 2.3 kg) within the first 7 days of

hematological treatment [45]; our results indicate that
SPN contributed to improve this parameter in the same
time frame.

In conclusion, early 7-day SPN resulted in improved body
composition and HG and PAB levels in hypophagic, hospital-
ized cancer patients at nutritional risk, the majority of whom
were in advanced disease stage, in the absence of any relevant
clinical complications. Full attainment of both calorie and
protein requirements may be a key issue in the initial improve-
ment of nutritional status in this patient population. Further
trials, aimed at verifying the efficacy of this early nutritional
intervention on mid- and long-term primary clinical outcomes
in specific cancer types, are warranted.
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