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ABSTRACT

Many paediatric oncology centres apply parenteral nutrition (PN) in children with severe
oral mucositis after chemotherapy. However, no convincing data exist to support this treat-
ment strategy. The aim of our study was to elucidate a possible advantage of PN versus
intravenous replacement fluid therapy (FT). In a prospective randomized study, 30 children
with mucositis WHO grade IV were assigned to receive either PN or intravenous replace-
ment FT. Weight, total body water, fat-free mass (measured by impedance analysis) and
peripheral white blood cells were assessed daily. For aspects of quality of life and econom-
ics, the length of hospital stay, the incidence of infections, the days on intravenous antibi-
otics and delay of scheduled chemotherapy were examined. Children with PN gained body
weight significantly compared to baseline and to FT due to an augmentation of fat mass
while total body water and fat-free mass significantly decreased. In children with FT, body
weight remained stable while total body water and fat-free mass significantly increased,
thereby loosing fat mass. We observed no differences in recovery of peripheral white blood
cells (WBC), incidence of infections, hospitalization time, days on intravenous antibiotics,
days on opioid analgesics and delay of the next scheduled chemotherapy cycle. Although
children with PN gained weight in form of fat mass, this did not translate into a clinical
benefit for the patients such as earlier recovery of WBC counts, shorter hospitalization
time, a decreased use of analgesics or less delay of the next scheduled chemotherapy cycle.
Our findings therefore do not support the hypothesis that PN is superior to FT when used
for less than 10 days for oral mucositis.

© 2005 Elsevier Ltd. All rights reserved.

1. Introduction

Oral mucositis is one of the most debilitating side-effects of
intensive chemotherapy. Approximately, 50% of children
receiving chemotherapy for malignancies develop at least

one complication confined to the oral cavity [1,2]. The mecha-
nisms leading to the development of mucositis involve a com-
plex combination of a direct effect of cytotoxic drugs on the
basal epithelium and connective tissue, the oral microbial
environment and local release of inflammatory cytokines
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[3-5]. Oral mucositis begins shortly after therapy and peaks in
severity around day 7-10 of therapy with resolution occurring
within 2 weeks [2,6]. The lesions can result in severe morbidity
with pain as the hallmark symptom necessitating the use of
analgesics. Other frequent complications include decreased
or completely abolished oral intake leading to weight loss
and malnutrition, an increased risk of systemic infection
due to disrupted mucosal barrier and extended hospitaliza-
tion time [2,4]. All these conditions substantially decrease
the quality of life and may jeopardize survival especially when
chemotherapy treatment needs to be delayed or modified.

Although oral mucositis has been studied for many years,
no available treatment has proven to be reliably effective to
prevent or treat mucositis [7]. Studies investigating single
antimicrobial agents such as chlorhexidine [8], clindamycin
[9], or antibiotic pastilles combining polymyxin, tobramycin
and amphotericin [10] given locally with the intent of enhanc-
ing oral hygiene have shown only variable success alleviating
oral mucositis. Only very recently, keratinocyte growth factor
(KGF, palifermin) has demonstrated a clear benefit in adults
with severe chemotherapy induced mucositis, while none of
the other growth factors and cytokines like GM-CSF have a
clear beneficial impact on mucositis [11-15].

In many centres, parenteral nutrition (PN) is started as
soon as oral mucositis develops to prevent patients from
entering a catabolic metabolic state. However, there are no
published data showing a convincing benefit of PN. On the
other hand it has been shown that the infection rate is signif-
icantly increased in patients receiving PN [16,17]. This is least
desirable in patients already prone to infections due to neu-
tropenia. In this study, we have conducted a prospective ran-
domized trial in children with cancer treated with multiagent
chemotherapy to examine if parenteral nutrition improves
the outcome of mucositis compared to mere fluid replace-
ment therapy (FT). Endpoints were nutritional status, recov-
ery of white blood cells, use of intravenous analgesics,
incidence of infection, hospitalization time and delay of
scheduled chemotherapy.

2. Patients and methods

2.1. Patients

After informed consent by their care-givers 30 children (1-18
years) receiving first-line intensive standard-dose chemother-
apy for malignancies were prospectively investigated. Inten-
sive standard-dose chemotherapy was defined as multiagent
chemotherapy cycles during consolidation therapy in haema-
tological patients or in patients with solid tumours according
to national or international standard treatment protocols for
paediatric cancer. Starting on the day that oral mucositis
WHO grade IV developed and intravenous (i.v.) opioid analge-
sics were initiated, they were randomized to receive either PN
or FT. Patient characteristics are presented in Table 1. WHO
Grade IV mucositis was defined as painful ulceration,
erythema or edema and with inability to swallow [4]. Five chil-
dren were recruited twice, two were randomized in both
arms, one twice in the PN group and two twice in the FT
group. There was no influence of the first episode on the sec-
ond episode (data not shown). Nasogastric tube feeding was

Table 1 - Patient characteristics

PN (n=15)  FT (n=15)

Age (years) 8.2 (2.0-15.2) 8.1 (2.1-17.2)
Male/female 7/8 11/4

Type of cancer
ALL

7
MDS 1
NHL 4
Hodgkin‘s disease 0
Hepatocellular carcinoma 0
Osteosarcoma/undifferentiated 1

sarcoma
PNET
Nasopharyngal carcinoma

[l RV BV, )

=
o O

PN, parenteral nutrition; FT, fluid replacement therapy.

not used because of already existing chemotherapy-induced
mucosal damage. The study was designed to exclusively
address the question whether PN was superior to FT without
additional enteral feeding. Exclusion criterions were parental
refusal to participate in the study and the use of intravenous
analgesics for less than 5 days.

2.2. Definition of therapies

Patients randomized to FT received intravenous fluids and
electrolytes according to the baseline recommendations of
the German Society for Nutrition [19]. In brief, children be-
tween 1 and <4 years received 95 ml/kg/d; 4 and <7 years
75ml/kg/d; 7 and <10years 60 ml/kg/d; 10 and <13 years
50 ml/kg/d; and 13 and <19 years 40 ml/kg/d. The intravenous
fluid consisted of NaCl 0.45% and glucose 2.5% supplemented
with electrolytes as necessary.

Patients randomized to parenteral nutrition received the
same amount of intravenous fluid and electrolytes as the
children on fluid replacement therapy with standard formu-
lations of carbohydrates, lipids, amino acids, vitamins and
trace elements given at doses recommended by the German
Society for Nutrition [19] over 24 h. In brief, children be-
tween 1 and <4 years received 90 kcal/kg/d; 4 and <7 years
80 kcal/kg/d; 7 and <10 years 70 kcal/kg/d; 10 and <13 years
60 kcal/kg/d; 13 and <15years 50kcal/’kg/d; and 15 and
<19 years 45 kcal/kg/d. More than 50% of the total amount
of calories was supplied as glucose. The daily fat supply
was 1.5-2 g/kg/d (35-45% of total calories). The amino acid
supply was 1.5-2.0g/kg/d for children between 1 and
<4 years; and 1.3-1.8 g/kg/d for children between 4 and
<19 years.

2.3.  Anthropometry

Weight was measured daily to the nearest of 0.1 kg using an
electronic scale (SECA, Vogel&Halke, Hamburg, Germany)
and height (or supine length for children <2 years) once at
admission to the nearest of 0.1 cm using a stadiometer (Sys-
tem Dr. Keller I, Limbach-O, Germany).

Total body water, fat-free mass and the phase angle were
determined daily by bioelectrical impedance analysis (BIA-
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2000-M, Data-Input, Frankfurt, Germany, Nutri 4). Fat-free mass
was calculated by using the equation of Goran [18]. Total body
water and fat-free mass were expressed as percentage of body
weight. The phase angle is the arctan of resistance to reactance
and is directly proportional to body cell mass. Reduced phase
angles are consistent with either cell death or a breakdown in
the selective permeability of the cell membrane [20].

2.4. Laboratory parameters

White blood cells, blood urea nitrogen, creatinine, albumin
and prealbumin were determined by standard methods on
automated clinical chemistry analyzers. In brief, white blood
cells were determined on a Coulter Micro Diff II (Beckman
Coulter GmbH Biomedical Research, Krefeld, Germany); urea
nitrogen, creatinine and albumin on a Hitachi 912 Automatic
Analyzer (Roche Diagnostics, Basel, Suisse); and prealbumin
on an Array (Beckman Coulter GmbH Biomedical Research,
Krefeld, Germany) with reagents from the same supplier.
WBC recovery was defined as the time until white bloods cells
exceeded 1000/pl of whole blood.

2.5.  Prophylactic measures and definition of infection

All children cleaned the oral cavity with a solution containing
chlorhexidine at least four times a day. Aciclovir was given
intravenously to all children who were seropositive for herpes
simplex virus (HSV).

Aninfection was diagnosed as soon as a blood, stool or urine
culture turned out to be positive for bacteria, virus or fungus.
Empiric intravenous antibiotics (ceftazidim and tobramycin)
were started whenever fever occurred (defined as body
temperature exceeding 38.5 °C) and extended in the case of
non-defervescence according to standard hospital operating
procedures. The days oni.v. antibiotics was evaluated by count-
ing each antibiotic agent every day for the whole episode of
mucositis for each patient. Prophylactic granulocyte colony
stimulating factor (G-CSF) was given in five patients in the PN
group and four patients in the fluid replacement group.

2.6.  Statistical analysis

Data are expressed as median values. Statistical significance
comparing both groups was done using the Mann-Whitney-
Wilcoxon test. For comparing time variables at days 1 and
10, Kaplan-Meier life table analyses were used. A log-rank test
was used to compare the time variables between both groups.
Differences were considered significant at P < 0.05. The SPSS
software (SPSS Inc., Chicago, IL, USA) was used for statistical
analyses.

3. Results

3.1.  Body composition studies

To assess whether the application of PN is able to positively
influence the body composition of patients compared to FT
alone, we utilized body weight and bioelectrical impedance
analysis to measure total body water, fat-free mass and body
cell mass.

In the PN group, body weight (Fig. 1(a)) increased during
the course of therapy (P < 0.001, day 10 versus day 1), whereas
it remained stable in the group with FT (P = 0.321). We also ob-
served a significant difference between the PN and the FT
group starting at day 4 (P <0.005) until the end of the study
period. The total body water (Fig. 1(b)) decreased in the PN
group (P =0.006, day 1 versus day 10), whereas it increased
in the FT group (P = 0.034) during the course of the disease.
There was no significant difference between both groups.
The fat-free mass (Fig. 1(c)) decreased in the PN group
(P=0.02) and increased in the FT group (P =0.03), however,
with no significant difference between both groups. The
phase angle (Fig. 1(d)) and thus the body cell mass remained
stable in the PN group (P =0.51day 1 versus day 10) and de-
creased slightly in the FT group (P = 0.09). There was no differ-
ence between both groups in the course of the disease. These
data indicate that PN has no positive effect on body composi-
tion but significantly increased body weight.

3.2. Laboratory parameters

We hypothesized that PN leads to a faster recovery of WBC
counts, since PN has been reported to accelerate recovery of
normal bone marrow [24,25]. To further find out whether
the kind of therapies influenced laboratory parameters, an
indication of the metabolic state, we investigated urea nitro-
gen, creatinine, albumin and prealbumin levels in serum dur-
ing the course of therapy. Contrary to our hypothesis, the
duration until recovery of WBC counts was not different be-
tween the PN group and the FT group (P = 0.865) (Fig. 2). The
median time to recovery was 4 days in both groups. Adminis-
tration of G-CSF did not differ between the groups. Levels of
urea nitrogen, creatinine, albumin and prealbumin remained
unchanged compared to baseline during the study time in
both groups and were also not significantly different between
the groups (data not shown).

These data showed no improvement in recovery of WBC
counts in patients receiving PN compared to FT. In addition
indicators of metabolic state such as urea nitrogen, creati-
nine, albumin and prealbumin remained stable and were
not influenced by the regimen used.

3.3.  Clinical parameters

With no significant advantage in WBC recovery for the PN
group, we next asked whether this treatment led to any clin-
ical benefit for patients. For aspects of quality of life, hospital-
ization time due to mucositis, delay of scheduled
chemotherapy, days on opioid analgesics, the incidence of
infections and days on intravenous antibiotics were exam-
ined. Patients with PN had a median hospitalization time of
14 days as compared to 13 days for children with FT
(Fig. 3(a)) (P =0.817). Regularly scheduled chemotherapy fol-
lowing the cycle that induced the mucositis according to the
respective treatment protocol had to be delayed for a median
of 6 days in the PN group and 5 days in the FT group (Fig. 3(b))
which was not statistically different (P =0.627). Intravenous
opioid analgesics were necessary for a median of 5 days
in the group with PN and 6 days in the group with FT
(Fig. 3(c)) (P=0.345). Culture positive infections were
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1 - Body composition studies. (a) Development of body weight; (b) total body water; (c) fat-free mass; (d) and phase angle

during the study period in the group receiving PN (full symbols) and FT (empty symbols). * delineates statistically significant
differences between the two groups (P < 0.05). Data are presented as median and 25th and 75th percentile (whiskers).
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Fig. 2 - WBC recovery. Cumulative incidence of patients reaching over 1000/ul WBGC during the study period. Graph curves do
not start at 0% and do not end at 100% because of patients never dropping below or not reaching 1000/ul WBC during the

study period, respectively.
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Table 2 - Patient infections during course of treatment

PN (n = 15)

FT (n=15)

Culture positive infections (%) 8 (53)

Infectious agents (more than
one infectious agent identified
in some patients)

Bacteremia (2)
Invasive mycosis (1)

Viral enteritis (2)

Oropharyngeal candidiasis (2)
Clostridium difficile enteritis (2)

4 (27) P=0.136

Bacteremia (2)

Oropharyngeal candidiasis (1)
Urinary tract infection (1)
Clostridium difficile enteritis (1)
Viral enteritis (1)

diagnosed in 8 of 15 children with PN (53%) in comparison to 4
in 15 children with FT (27%, P = 0.136, Table 2). The PN group
had a median of 2 days with fever (not shown) and 34 days
on intravenous antibiotics as compared to 3 and 33 days,
respectively, in the FT group (Fig. 3(d)) (P =0.53). Thus, it ap-
pears that PN does not lead to clinical benefits for the patient
such as shorter hospitalization time, less delay of chemother-
apy, decreased need for opioids or less infections and antibi-
otic use.

4, Discussion

In many centres costly PN is frequently used in the belief that
this approach may improve the clinical course of mucositis.
Reliable data supporting this approach, however, are not

available. For the first time, we have clearly demonstrated
in a prospective randomized study that PN is not superior to
FT in treating children with cancer suffering from severe
mucositis.

We have found that PN did not reduce hospitalization
time, days on intravenous antibiotics and the delay of the
next scheduled chemotherapy cycle and thus quality of life.
Although children with PN significantly gained body weight,
body composition studies revealed that this increase is due
to an augmentation of fat mass (and not lean body mass).
In children with mere parenteral FT, body weight remained
stable, while total body water and fat-free mass significantly
increased. Thus patients loose fat mass when they receive
fluid therapy during chemotherapy induced mucositis. Simi-
lar disappointing results have been shown in adult patients
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during chemotherapy courses. In these patients, PN did not
improve the accrual of lean body mass, did not improve
nutritional parameters nor did it ameliorate treatment toxic-
ity [21,22]. The results of a meta-analysis of prospective ran-
domized trials in adults suggest that waiting 7-10 days to
initiate any form of aggressive nutrition intervention may
be prudent for normally nourished populations with com-
promised gastrointestinal function [23]. Consequently, it is
the policy of the St. Jude Children‘s Research Hospital in
Memphis not to start nutritional therapy if the time of the
inability of oral intake is expected to be less than 7 days
[24]. Our study results strongly support this strategy since
parenteral nutrition did not induce a clinical benefit in our
paediatric patients. As an alternative, enteral feeding via
nasogastric tube (or gastrostomy) placed before the onset
of mucositis is a standard of clinical practice in many cen-
tres. A limited number of studies have been published com-
paring enteral nutrition with PN, however, almost
exclusively in stem-cell transplant recipients [25]. One study
in children receiving intensive chemotherapy showed a sig-
nificant cost advantage of enteral tube feeding [26]. Further
prospective studies should be undertaken to address this
issue.

Advocates of parenteral nutrition use have argued that
host defense against infection may be improved by paren-
teral nutrition through accelerated recovery of normal mar-
row and through the promotion of mucosal repair after
chemotherapy-induced mucositis [27,28]. The WBC counts
in this study did not recover faster with parenteral nutrition.
However, there was a trend towards a higher incidence of
infections in the group with parenteral nutrition. This is in
accordance with a meta-analysis, where parenteral nutrition
was significantly associated with more infections [16,17]. In-
deed, results of studies using parenteral nutrition to improve
recovery from severe myelosuppression and tolerance to-
wards more intensive treatment have been inconsistent.
Randomized prospective studies show a benefit of parenteral
nutrition compared to an oral ad libitum diet in children
with metastatic disease and acute non-lymphoblastic leu-
kaemia [17,29,30]. Parenteral nutrition was superior to
peripheral nutrition plus enteral nutrition in reversing pro-
tein energy malnutrition and prevented delays in chemo-
therapy and radiotherapy due to granulocytopenia in 13
children with nephroblastoma at high risk for malnutrition
[31]. In contrast, other studies failed to document a benefit
in accelerating recovery from severe myelosuppression in
patients with poor prognosis sarcoma (median age 17 years)
[32] or lymphoma [33]. Cetin and colleagues [34] even re-
ported a delayed recovery of platelets and a higher need
for platelet transfusions after blood stem-cell transplanta-
tion in patients receiving PN.

In conclusion, our randomized study showed an increase
of body weight in form of fat mass as the only effect of PN
during chemotherapy induced mucositis in children. How-
ever, this did not lead to a faster recovery of WBC count,
shorter hospitalization time, shorter need of antibiotics or
less delay of the next chemotherapy cycle. In addition, the
infection rate was not significantly different in the PN and
FT group. Therefore, from a clinical and an economic view-
point, our study results do not support the initiation of

short-term parenteral nutrition during the course of oral
mucositis in children.
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