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ABSTRACT 1. INTRODUCTION
Patients undergoing myeloablative conditioning regi- Malnutrition is common in cancer patients and is
mens and autologous stem-cell transplantation (ASCT) associated with poorer patient and treatment out-
are at high risk of malnutrition. This randomized comes!-2. Gastrointestinal toxicity after autologous
study aimed to determine if early nutrition support stem-cell transplantation (ascT), combined with
(commenced when oral intake is less than 80% of post-transplantation infection and a catabolic state
estimated requirements) compared with usual care induced by the cytoreductive therapy, often results
(commenced when oral intake is less than 50% of in poor dietary intake during the post-transplant pe-
estimated requirements) reduces weight loss in well- riod3*. A recent pilot exploratory study in 24 patients
nourished patients undergoing high-nutritional-risk demonstrated significant loss of lean body mass, de-
conditioning chemotherapy and AscT. terioration in nutrition status, and decreased quality
In the 50 well-nourished patients who were random- of life upon discharge after asct’. Nutrition support
ized, the outcomes evaluated included changes in weight is required to prevent malnutrition as a consequence
and lean body mass (mid-upper arm circumference), of treatment toxicities and has been established as a
length of stay, time to hemopoietic engraftment, and qual- standard of care in many myeloablative conditioning
ity of life (Memorial Symptom Assessment Scale — Short regimens®. The conditioning regimens associated
Form). On secondary analysis, after exclusion of a single with the greatest gastrointestinal toxicity are those
extreme outlier, both groups demonstrated significant containing melphalan or busulphan and those incor-
weight loss over time (p = 0.0005). Weight loss was less porating total body irradiation (TB1)*”.
in the early nutrition support group at time of discharge Nutrition intervention studies undertaken in the
(mean: —0.4% +2.9% vs. —3.4% + 2.6% in the usual care AscT population have focused on enteral compared
group, p = 0.001). This difference in weight was no lon- with parenteral nutrition; predictors of mucositis;
ger observed at 6 months after discharge (mean: —1.0% and the use of oral, enteral, or parenteral gluta-
+6.8% vs. 1.4% + 6.1%, p = 0.29). mine®’. Evidence for nutrition interventions that
In practice, an early start to nutrition support are optimal in preventing malnutrition in patients
proved difficult because of patient resistance and undergoing AscT is currently limited and largely
physician preference, with 8 patients (33%) in the based on expert opinion®. To date, no studies have
control group and 4 (15%) in the intervention group examined whether commencing nutrition support
not commencing nutrition support when stipulated by in advance of a large deficit in oral intake improves
the study protocol. No significant differences between patient outcomes.
the groups were found for other outcomes. In well- The timing of nutrition support after AscT varies
nourished patients receiving ascr, early nutrition sup- between institutions*'%12. Commonly used strate-
port maintained weight during admission, but did not gies include initiating nutrition support on a predeter-
affect other outcomes. Interpretation of results should mined day (that is, day 1 after ascT) or, alternatively,
take into consideration the difficulties encountered only when dietary intake declines below a specified
with intervention implementation. threshold within the first week after asct. The nutri-
tion support provided can consist of oral supplements
KEY WORDS or enteral (via nasogastric tube) or parenteral nutri-
tion®. At our centre, nutrition support is typically
Nutrition, autologous stem-cell transplantation, initiated when oral intake declines to less than 50%
malnutrition, enteral nutrition, parenteral nutrition of the estimated nutrition requirement.
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The present study set out to determine whether
initiating nutrition support early after AscT in patients
receiving a high-nutritional-risk conditioning regi-
men might result in less weight loss, less lean body
mass loss, improved quality of life (ooL), and shorter
length of stay (Los) and time to hemopoietic recov-
ery. The primary objective was to compare weight
change from day 1 of conditioning chemotherapy to
day of discharge in the two study arms. Secondary
objectives were to compare QOL, LOS, mid-upper-arm
muscle circumference (Muamc), and time to hemo-
poietic recovery in the two groups. We also report on
the challenges of clinical trials investigating nutrition
interventions in the context of AscT.

2. METHODS

Eligible patients were identified from within the
Haematology service at our cancer centre between
June 21, 2005, and October 8, 2008. Median follow-
up was 6.8 months (range: 0.4—8.0 months), and
the final patient follow-up was completed May 18,
2009. Eligible patients were those undergoing AscT
with a melphalan-, busulphan-, or TBI-containing
conditioning regimen. Patients were admitted before
commencing conditioning chemotherapy and were
discharged after recovery of absolute neutrophil and
platelet counts and in the absence of fever and infec-
tion. Patients were ineligible if they had pre-existing
malnutrition or an acute infection requiring paren-
teral antibiotics at baseline, or if they were scheduled
to receive reduced-dose melphalan (140 mg/m?) only.

The definition of malnutrition used at our centre
during the study period was any of

* more than 10% loss of body weight in the preced-
ing 6 months,

*  bodyweight loss of more than 1 kg per week in
the preceding 2—4 weeks, or

 more than 7 days of inadequate oral intake or
persistent gastrointestinal symptoms for more
than 2 weeks.

The 52 patients enrolled were randomized by the
study data manager; 2 patients were subsequently
found to be ineligible. The study was approved by
the hospital ethics committee, and all participating
patients provided written informed consent.

There was no set day for the start or end of nutri-
tion support. Instead, nutrition support was planned
to start after AscT as soon as oral intake fell below
80% or 50% of estimated energy requirements in the
intervention group and the control group respectively.
Energy requirements were expected to be higher in
the first 9 days after ascT because of the associated
hypermetabolic state. For the first 9 days, the energy
requirement was calculated to be 1.5 times the basal
metabolic rate, and from day 10 onward, the energy
requirement was calculated to be 1.3 times the basal

metabolic rate for both groups. Those estimations
are comparable with estimations used in other stud-
ies®!0, Oral intake for the preceding 24 hours was
monitored daily by a dietitian using a combina-
tion of food record charts and patient recall. Once
commenced, nutrition support continued until oral
intake was more than 80% of the estimated energy
requirement (intervention group) or more than 50%
of the estimated energy requirement (control group)
for 24—48 hours, or until the time of discharge. The
type of nutrition support provided (oral, enteral, or
parenteral) was not mandated, but instead was de-
termined according to clinical indications—that is,
nonfunctioning gut, presence of mucositis—so as
to simulate the decisions made in clinical practice.
The decision about the type of nutrition support
provided was made by the dietitian and the treating
hematologist. No adverse effects related to the study
intervention were observed.

Time to commencement and cessation of nutri-
tion support (both enteral and parenteral), duration
of nutrition support, weight measured to 1 decimal
place on HVL-CS scales (A&D Australasia, Kens-
ington, Australia), and muamc (Harpenden skinfold
calipers: British Indicators, Burgess Hill, U.K.) were
recorded by the study dietitian. Time to hemopoietic
recovery, Los measured from the day of stem-cell
infusion to the day of discharge, and QoL measured
using the validated Memorial Symptom Assessment
Scale — Short Form were collected by the study data
manager'3. Weight, Mmuamc, and QoL were measured
at day 1 of conditioning chemotherapy, the day of
asct (day 0), day +10 after ascrT, discharge, and 3 and
6 months after discharge.

A sample size of 38 was required to detect a dif-
ference of 5% weight change between the control
and intervention groups with a power of 90% and a
significance level of 0.05. We recruited 50 patients to
allow for dropouts because of death before discharge.
Patients were stratified by conditioning regimen with
or without TBI because of the potential for the small
number of patients treated with TBI to bias the results.
One stratum consisted of all conditioning regimens
including TBI; the other consisted of all regimens ex-
cluding tB1. Computer-generated randomization charts
were prepared for each stratum, printed and accessible
only to the study data manager. The method of group
assignment was based on an adaptive biased coin
procedure using a restricted randomization method.
Figure 1 presents the study flow diagram.

Mixed models, using sex, randomization arm,
and interaction between time and arm were used for
the longitudinal analysis of changes in anthropom-
etry. The #-test was used to compare means when
the assumption of normality was met; otherwise, a
Wilcoxon test was used. Kaplan—Meier estimates
were used for time-to-event analyses. A log-rank
test was used to examine differences between the
randomization arms.
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[ Enrollment J Assessed for eligibility (n= 52)

» Excluded (n=2)

Y

+ Not meeting inclusion criteria (n=2)
+ Declined to participate (n= 0)

Randomized (n= 50)

FIGURE 1 CONSORT flow diagram.

3. RESULTS

Results are presented as an intention-to-treat analy-
sis, with the exclusion of 1 patient in the intervention
arm because of an exceptionally long and compli-
cated post-asct admission of 162 days compared with
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A 4 [ Allocation ] v
Allocated to control (n=24), Follow up 1 Allocated to intervention (n= 26), Follow up 1
+ Received allocated intervention (n= 16) + Received allocated intervention (n= 22)
+ Did not receive allocated intervention + Did not receive allocated intervention

(physician preference or patient (physician preference or patient
resistance) (n= 8) resistance) (n=4)

v [ Follow-Up ] v
Follow up 2: day +10 Follow up 2: day +10
Lost to follow-up (unable to contact) (n= 0) Lost to follow-up (unable to contact (n= 0)
Deceased (n= 0) Deceased (n=0)

A\ 4 A\ 4
Follow up 3: discharge Follow up 2: discharge
Lost to follow-up (unable to contact) (n= 0) Lost to follow-up (unable to contact (n= 0)
Deceased (n=0) Deceased (n= 1)

A 4 \ 4
Follow up 4: 3 months post discharge Follow up 2: 3 months post discharge
Lost to follow-up (unable to contact) (n= 0) Lost to follow-up (unable to contact (n= 0)
Deceased (n= 2) Deceased (n= 1)
Follow up 5: 6 months post discharge Follow up 2: 6 months post discharge
Lost to follow-up (unable to contact) (n= 1) Lost to follow-up (unable to contact (n=2)
Deceased (n= 0) Deceased (n= 1)

v [ Analysis ] \ 4
Analysed (n=24) Analysed (n=25)
+ Excluded from analysis (n=0) + Excluded from analysis (n=1)

the average of 14.5 days in the rest of the sample.
Table 1 describes patient characteristics. No partici-
pant received TBI.

Both patient groups experienced significant weight
loss over time (p = 0.0005). The intervention group
experienced less weight loss during admission

4
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(mean: —0.4% +2.9% vs —3.4% + 2.6%, p = 0.001). That
difference was not sustained at 3 months (mean: —1.8%
+4.8 vs. —0.9% + 4.0%, p = 0.61) or 6 months (—1.0%
+ 6.8% vs. 1.4% =+ 6.1, p = 0.29) after discharge. Both
groups showed a trend toward a decrease in MUAMC
over time (p = 0.05) without a significant difference
between the groups (Table ). We observed no dif-
ference between the groups in time to hemopoietic
recovery (11.3 days control vs. 11.7 days intervention,
p=0.40) or Los (16 days control vs. 14.5 days interven-
tion, p = 0.41). There was no difference in QoL score
between the groups from admission to 6 months after
discharge (p = 0.61).

Of the 24 patients in the control group, 13 (54%)
started nutrition support, with 9 (38%) receiving
it parenterally. In the intervention group, 21 of the
26 patients (81%) started nutrition support, with 18

TABLE1 Patient characteristics
Variable Control Intervention

Patients (n) 24 26
Sex [n (%) men] 11 (46) 23 (88)
Age (years)

Median 56 56.3

Range 30-72 3670

Mean 56+8.6 56.5+9.6
Mean weight (kg) 77.3£19.5 84.0£10.9
Diagnosis [1 (%)]

Non-Hodgkin lymphoma 7(29.1) 6(23.1)

Multiple myeloma 15 (62.5) 18 (69.2)

Acute myeloid leukemia 14.2) 0(0)

Breast cancer 14.2) 0(0)

Other 0(0) 2(7.7)
Conditioning regimen [n (%)]

Melphalan 200 mg/m? 16 (66.7) 19 (73.1)

BEAM? 5(20.8) 2(7.7)

Busulphan—melphalan 2 (8.3) 5(19.2)

Other 1 (4.2 0(0)

2 Carmustine, etoposide, cytarabine, melphalan.

(69%) receiving it parenterally. Nutrition support was
not indicated in 3 patients (13%) in the control group
and in 1 patient (3.8%) in the intervention group be-
cause dietary intake remained above 50% or 80% of
requirement respectively. However, despite fulfilling
the study protocol definition of requiring nutrition
support, 8 patients (33%) in the control group and
in 4 patients (15%) in the intervention group never
received nutrition support. Figure 2 illustrates the
median time to commencement of nutrition support
and shows the actual and planned timing per study
protocol for both groups. It demonstrates that nutri-
tion support was, on average, commenced earlier
in the intervention group. The intervention group
showed a trend toward a median longer duration of
nutrition support (intervention: 5 days; range: 0—20
days; control: 2 days; range: 0—17 days; p =0.09). The
median difference in time to cessation of nutrition
support was 1 day (control: 13 days; range: 8—37 days;
intervention: 12 days; range: 2—22 days; p = 0.04).

4. DISCUSSION

Nutrition research in stem-cell transplantation has
focused largely on three areas: the feasibility of en-
teral compared with parenteral nutrition®, predictors
of mucositis*”!!, and the role of glutamine®. In the
present study, we investigated whether early provi-
sion of nutrition support, before a large deficit in oral
intake emerged, improved clinical outcomes.

In our trial, both groups demonstrated significant
weight loss over time, as expected and consistent with
the findings of other studies!>'4. However, patients in
the intervention group maintained their weight dur-
ing admission for asct, and members of the control
group lost an average of 3.4% of body weight. The
mean change of 0.4% in body weight in our interven-
tion group is less weight loss than the 2% observed
in the intervention group in the study by Roberts ez
al.'?, but the change is difficult to compare to results
from other studies because those studies used actual
weight change in kilograms rather than percentage
change!>~!7. The difference was not sustained after
discharge: on average, all patients were close to their

TABLE I Change in weight loss and mid-upper-arm muscle circumference (MUAMC)

Time point Compared with day 1 conditioning
Mean weight change (%) Mean muamc change (%)
Control Intervention p Value Control Intervention p Value

Day 0 -0.24£2.5 0.6+2.2 0.26 —0.4+2.1 0.5+2.5 0.19
Day +10 1.9+4.7 1.1+4.4 0.57 —1.5+4.1 —0.6+3.7 0.49
At discharge -3.4+£2.6 —0.44+2.9 0.001 -2.343.9 -1.3+£3.2 0.40
After discharge

3 Months —0.9+4.0 —1.8+4.8 0.61 -1.0+£3.7 -0.2+5.3 0.61

6 Months 1.4+6.1 —1.0+6.8 0.29 0.9+6.8 —0.7+0.51 0.51
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FIGURE 2 Planned and actual median time to commencement of

nutrition support. (4) Actual day nutrition support started (inter-
vention arm). (B) Day nutrition support was planned to start per
the protocol (intervention arm). (C) Actual day nutrition support
started (control arm). (D) Day nutrition support was planned to
start per the protocol (control arm). Each box marks the middle
50% of the data. The horizontal line within each box represents the
median, and the whiskers extend to the 5th and 95th percentiles.

pre-transplantation body weight at 6 months after
discharge. We observed a trend toward loss of lean
body mass over time in both study groups, but no dif-
ferences between the groups were observed. However,
our results should be interpreted with caution in view
of the difficulty in implementing the intervention.
We acknowledge several limitations of this
study in view of the protocol deviations. In prac-
tice, starting nutrition support once oral intake had
declined to less than 80% of nutritional require-
ments proved difficult. Although nutrition support
began earlier for patients in the intervention group
than in the control group, support was not actually
instituted per the protocol-prescribed intervention.
Observed reasons for the deviation included patient
resistance, physician preference, and practical
limitations. Although patients had consented to the
study, once faced with the start of nutrition sup-
port at a time when oral intake was still relatively
good (that is, less than 80% but more than 50% of
nutritional requirements), they were resistant, par-
ticularly to insertion of a nasogastric tube. Physician
preference was also a factor both for the timing and
the type of nutrition support. It has been suggested
that routine insertion of central lines in this patient
group enables relatively easy delivery of parenteral
nutrition and leads to resistance to enteral nutrition,
which might be seen as more invasive®. In addition,
the time between the planned intervention (nutrition
support starting when intake had declined to less
than 80% of requirements) and usual care (nutrition
support starting when intake had declined to less

than 50% of requirements) was often minimal, so
that using this parameter to define time to the start
of nutrition support was not always practical.

5. CONCLUSIONS

Compared with usual care, early nutrition support
maintained weight during admission, but did not
affect other outcomes. Well-nourished patients
undergoing conditioning chemotherapy with a high
risk of gastrointestinal toxicities should be monitored
closely, and nutrition support should be commenced
if the patient’s nutrition status is deteriorating or if
oral intake is expected to be suboptimal for an ex-
tended period. These results may not be applicable to
patients receiving allogeneic stem-cell transplanta-
tion, because of their higher risk of gastrointestinal
toxicity and graft-versus-host disease. Future studies
should investigate the effect of early nutrition sup-
port specifically in malnourished patients undergo-
ing asct with high-nutritional-risk conditioning
chemotherapy and should take into consideration the
practical difficulties of early intervention.
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