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Nutritional support for patients undergoing allogeneic hematopoietic stem cell transplantation (allo-HSCT) has
been widely debated. Enteral nutrition (EN) is recommended as first-line nutritional support by the main interna-
tional guidelines. However, these recommendations are based on weak evidence, and there is wide variability in
the types of nutritional support among transplantation centers, with the majority providing parenteral nutrition
(PN) instead of EN. Here we provide an up-to-date systematic review and meta-analysis of studies comparing EN
and PN for nutritional support during the neutropenic period after allo-HSCT. The literature search strategy identi-
fied 13 papers, of which 10 compared clinical transplantation outcomes, 2 compared gut microbiota (GM) compo-
sitions, and 1 compared systemic metabolic profiles. For the meta-analysis, among the 10 clinical studies, 8
studies in which 2 groups were compared were selected: in 1 group, EN was provided as primary nutritional sup-
port in the neutropenic phase after allo-HSCT with or without the addition of PN (EN group), whereas in the other
group, only PN was provided as nutritional support. The incidence rates of acute graft-versus-host disease
(aGVHD) (relative risk [RR], 0.69; 95% confidence interval [CI], 0.56 to 0.86; P = .0007), aGVHD grade III-IV (RR,
0.44; 95% CI, 0.30 to 0.64; P < .0001), and gut aGVHD (RR, 0.44; 95% CI, 0.30 to 0.66; P < .0001) were lower in the
EN group than in the PN group. No differences were found between the 2 groups with regard to the incidence of
severe oral mucositis (RR, 0.95; 95% CI, 0.83 to 1.09; P = .46) or overall survival at day +100 (RR, 1.07; 95% CI, 0.95
to 1.21; P = .29). Other variables were too heterogeneous to perform quantitative analyses. The results of the
meta-analysis showed that EN reduced the incidence of aGVHD, specifically grade III-IV and gut aGVHD. This
result should prompt improved efforts to implement EN as first-line nutritional support in patients undergoing
allo-HSCT. Considering the emerging evidence regarding the association between GM dysbiosis and aGVHD onset,
we speculate that this protective effect could be attributed to the improved gut eubiosis observed in enterally fed
patients. Further studies are warranted to better address the relationship between the GM composition, aGVHD,
and the nutritional administration route during HSCT.

© 2020 The American Society for Transplantation and Cellular Therapy. Published by Elsevier Inc. All rights
reserved.
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INTRODUCTION
Allogeneic hematopoietic stem cell transplantation (allo-

HSCT) is the primary treatment for many oncologic, hematologic,
metabolic, and immunologic diseases [1,2]. There is growing
interest in supportive care for allo-HSCT recipients, with
nutritional support increasingly being considered a key feature
[3]. The side effects of the conditioning regimen, mainly vomit-
ing, anorexia, diarrhea and mucositis, impair oral intake in the
early post-transplantation period. Gastrointestinal acute graft-
versus-host-disease (aGvHD), infections and associated treat-
ments, and other medications, such as opioids, also have been
correlated with decreased oral feeding [4]. The consequent
reduction in caloric intake combined with the catabolic effect of
therapies and transplantation-related complications [5] results in
a rapid deterioration of nutritional status [3,4], which is associ-
ated with increased morbidity and decreased overall survival
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[6�9]. Thus, nutritional support during the early post-transplan-
tation period becomes an essential and challenging issue for allo-
HSCT recipients.

Artificial nutrition is usually indicated if oral caloric intake
falls below 60% to 70% of basic requirements for 3 consecutive
days [10,11]. Historically, parenteral nutrition (PN) was consid-
ered the method of choice for nutritional support in patients
undergoing allo-HSCT [12]. However, in light of PN-related com-
plications, including sepsis, metabolic complications (eg, hyper-
glycemia, hypertriglyceridemia, and electrolytic imbalance),
hepatic disorders (ie, fatty liver disease, intrahepatic cholestasis,
and cholelithiasis), and gut mucosal atrophy [13], some concerns
have been raised regarding its use [14�16]. In addition to these
clinical considerations, PN also has been associated with high
direct and indirect economic costs [17]. The other feeding option
is enteral nutrition (EN), defined as the type of artificial nutrition
in which a nonvolitional application of nutrients via enteral
tubes, mainly a nasogastric tube, is provided [11]. It has already
been shown to be feasible and effective in other clinical settings
[18�20], particularly in critically ill patients [21]. Currently, the
international guidelines provided by European Bone Marrow
Transplantation, European Society for Clinical Nutrition and
Metabolism, and American Society for Parenteral and Enteral
Nutrition recommend EN as first-line nutritional support for
patients undergoing allo-HSCT [5,10,11,22]. Nevertheless, these
recommendations are based on weak evidence [3,11]. A recent
survey showed that the majority of European transplantation
centers still use PN rather than EN, mainly due to constant cen-
tral venous access [23]. Another possible explanation is care-
givers’ preference for PN because of the perceived invasiveness
of EN [24]. In a survey of Australian adult allo-HSCT units, Ander-
sen et al. [25] found wide variability in the types and timing of
nutritional support, with the most frequent barriers to the use of
EN being the perception of poor EN tolerance, the medical
team’s preference for PN, the presence of gastrointestinal symp-
toms, and the development of thrombocytopenia.

A systematic review published in 2017 addressed the topic of
nutritional support for allo-HSCT patients, including 2 prospective
studies with a focus on the comparison between EN and PN [4].
The feasibility and safety of EN, as well as the potential beneficial
effect on transplantation-related outcomes, were highlighted.
Only 1 systematic review performed in 2019 specifically com-
pared EN versus PN in terms of clinical and nutritional outcomes
in pediatric patients [26]. That review reported favorable benefits
regarding aGvHD and platelet engraftment, although it comprised
few, widely heterogeneous studies.

Considering the increasing knowledge of the role of gut micro-
biota (GM) dysbiosis in the development of many complications
after HSCT [27], there may potentially be a significant link
between the route of nutritional administration and the mainte-
nance of gut eubiosis and epithelium integrity after HSCT [28].

Here we provide an up-to-date systematic review and
meta-analysis of studies comparing EN and PN for nutritional
support during the neutropenic period after allo-HSCT. Their
relationship with clinical outcomes as well as the impacts of
the different types of nutritional support on the metabolic pro-
file and GM composition are addressed.
METHODS
Literature Search

This systematic review and meta-analysis was conducted according to
the Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines [29]. Electronic databases, including PubMed, Trip, and
CINAHL, were searched to identify relevant studies published up to May
2020. The string used to perform the search is provided in the Supplementary
Material.
The search was restricted to English-language studies involving human
subjects undergoing allo-HSCT, including both pediatric and adult patients,
that assessed EN and PN as first-line nutritional support during the neutrope-
nic period. Two reviewers (E.M. and D.L.) independently identified potentially
eligible studies by screening titles and abstracts. The same authors assessed
the full texts of potentially relevant studies for inclusion and consulted the
references of previously published primary and secondary papers to manu-
ally search for additional relevant papers. Any disagreement regarding eligi-
bility and inclusion in the systematic review was resolved through discussion
and consensus between the 2 readers. If consensus was not reached, the
opinion of a third author (R.M.) who acted as a “blind” final arbiter was
requested. Investigators and corresponding authors were contacted to obtain
additional information about studies with incomplete data.

Data Extraction and Meta-Analysis
We used the same methodology for data extraction, performed indepen-

dently by the same 2 reviewers (E.M. and D.L.) under the supervision of a third
author (R.M.). Data were summed and analyzed using Microsoft Office Excel
2013 (Microsoft, Redmond, WA) and Stata 13 (StataCorp, College Station, TX).
Subsequently, we performed ameta-analysis considering the different outcomes
that were analyzed in the included studies: the incidence of aGvHD, incidence of
aGvHD grade III-IV, incidence of gut aGvHD, incidence of mucositis grade III-IV,
and overall survival (OS) at day +100. We analyzed statistical heterogeneity to
determine the feasibility of summing the results of the different studies consid-
ered eligible for the meta-analysis. We assessed heterogeneity by graphic funnel
plots and by calculating the I2 statistic, which represents the percentage of the
variance in effect estimates that is caused by heterogeneity rather than by sam-
pling bias (chance). An I2 statistic >50% was considered significantly heteroge-
neous. When the number of studies was <5 or studies were substantially
heterogeneous, we used a random-effects model in accordance with the
Cochrane Handbook for Systematic Reviews of Interventions [30]. We followed the
method of DerSimonian and Laird [31] to compute the random-effects estimates
for the corresponding statistics.We chose to use forest plots to graphically show
effect estimates with 95% confidence intervals (CIs) for individual trials and
pooled results. We carried out the meta-analysis using RevMan version 5.3
(https://revman.cochrane.org).

Quality Assessment
We used the Cochrane Tool for Quality Assessment and the Strengthen-

ing the Reporting of Observational Studies in Epidemiology (STROBE) state-
ment to assess the study quality of the experimental and observational
original studies included in this systematic review. The Cochrane tool allows
for the analysis of 7 types of bias: sequence generation and allocation con-
cealment (both within the domain of selection bias or allocation bias), blind-
ing of participants and personnel (performance bias), blinding of outcome
assessors (detection bias), incomplete outcome data (attrition bias), selective
reporting (reporting bias), and an auxiliary domain, “other bias” [32]. For
each type of bias, it was possible to assign a value of “high,” “low” or
“unclear” risk of bias when it was not specified whether a specific type of
bias was present. Each bias judgment aids in assigning a global assessment to
every RCT (good, fair, or poor) according to the Agency for Healthcare
Research and Quality standards [33].

The STROBE statement is a 22-item tool specifically designed to eval-
uate the quality of observational studies [34]. Items are associated with
different sections of an article, such as title and abstract (item 1), intro-
duction (items 2 and 3), methods (items 4-12), results (items 13-17), dis-
cussion (items 18-21), and other information (item 22 for funding).
Eighteen items are identical for 3 different study designs, whereas 4
items (items 6, 12, 14, and 15) are differentially intended for a specific
study type (ie, cohort or case-control study). The STROBE statement does
not provide scoring stratification. As a general rule, the higher the score,
the higher the quality of the study. Thus, we created 3 score thresholds
corresponding to 3 levels of quality: 0 to 14 was considered poor qual-
ity; 15 to 25, intermediate quality; 26 to 33, good quality.

RESULTS
Literature Search

The literature search strategy identified a total of 1490
references (695 in PubMed, 553 in Trip, and 242 in CINAHL).

As shown in Figure 1, the number of potentially relevant
papers identified by full titles was 35. Among these 35 studies,
20 were excluded from the systematic review because they
were reviews or did not compare EN and PN. Of the 15 studies
assessed, 12 compared clinical and nutritional outcomes
[35�46], 2 focused on the characterization of the GM composi-
tion in children [47] and adults [48], and 1 examined the
plasma metabolic profile [49]. Of the 12 clinical studies, 2



Figure 1. PRISMA flow diagram of the search strategy and included studies. The relevant number of papers at each point is given.
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included patients from the same cohort of another study
[43,45] and thus were excluded from the qualitative and quan-
titative syntheses. Of the remaining 10 papers, 3 were random-
ized studies in adults [39�41], 3 were prospective studies in
adults [29,31,37], 2 were prospective studies in children
[37,46], 1 was a prospective study with a historical comparison
cohort in children [35] and 1 was a multicentric pediatric
study in which EN patients from a single center were matched
with PN controls from other centers [42] (Table 1). The quality
of the included clinical studies was assessed as described in
Methods. The 3 randomized controlled studies were rated as
poor quality [39�41]. Of the 7 cohort studies, 3 were rated as
good quality [36,42,44], 2 as intermediate quality [35,38], and
2 as low quality [37,46] (Table 1).

To perform the meta-analysis, studies in which 2 groups
were compared were selected. In 1 group, EN was provided
as primary nutritional support in the neutropenic phase
after transplantation, with or without the addition of PN
(EN group); in the other group, PN was provided as first-
line nutritional support, and EN was not administered (PN
group). Thus, of the 10 clinical studies, we excluded 2 that
did not meet our inclusion criteria. One study compared
EN for >7 days with EN for <7 days plus PN [35], and the
other study compared patients who maintained adequate
oral nutritional intake and received 4 or more days of
EN versus adequate PN with or without EN with patients
who received inadequate nutrition with or without PN and
EN [36].

In the 8 studies in which quantitative analyses were per-
formed, the only outcomes reported consistently enough to
allow for a meta-analysis and that were clinically relevant
were the following: incidence of aGvHD grade I-IV, incidence
of aGvHD grade III-IV, incidence of gut aGvHD, incidence of
mucositis grade III-IV, and OS at day +100.
aGvHD
Seven of the 8 studies included in themeta-analysis reported

the incidence of aGvHD [37�40,42,44,46], with a total of 495
patients. The incidence of aGvHD was significantly lower in the
EN group than in the PN group (97 of 276 versus 106 of 219),
with a relative risk (RR) of 0.69 (95% confidence interval [CI],
0.56 to 0.86; P = .0007). Heterogeneity among studies was absent
(0%) (Figure 2A). The incidence of aGvHD grade III-IV was
reported in 5 studies [38,41,42,44,46], with a total of 522
patients. The pooled results showed a reduction in aGvHD grade
III-IV in the EN group (34 of 288 versus 64 of 234), with an RR of
0.44 (95% CI, 0.30 to 0.64; P < .0001) and no heterogeneity
among studies (Figure 2B). A similar result regarding gut aGvHD
was observed in the 4 studies that reported the incidence of this
complication [37,39,42,44], with a total of 396 patients. Gut
aGvHD occurred less frequently in the EN group compared with
the PN group (34 of 231 versus 54 of 165), with an RR of 0.44
(95% CI, 0.30 to 0.66; P< .0001) and low heterogeneity among
studies (6%) (Figure 2C). The results of the 2 papers that did not
meet the inclusion criteria for the meta-analysis are in line with
the reported results. Zama et al. observed a nonsignificant reduc-
tion in the incidence of severe gut aGvHD and steroid-resistant
gut aGvHD in children enterally fed for >7 days [35]. Beckerson
et al. found increased incidence rates of gastrointestinal GVHD
of any stage and aGvHD grade �II in patients who received PN
compared to adequate EN [36].



Table 1
Summary of Included Clinical Studies.

First Author Year Study Design Population Total
Patients, n

EN intervention
group, n

PN intervention
group, n

EN intervention PN intervention Quality
Assessment

Zama [35] 2020 Prospective with an
historic cohort

Children 42 14 28 EN > 7 days EN < 7 days, PN Intermediate*

Andersen [39] 2020 Randomized Adults 44 22 22 EN and EN+PN PN or no
intervention

Poory

Beckerson [36] 2019 Prospective Adults 484 245 148 + 91 Patients who main-
tained an adequate
nutritional intake
either orally or
those that also
required 4 or more
days of EN.

Patients that
achieved adequate
nutritional intakes
during the period
that included 4 or
more days of
PN + Inadequate
nutrition

Good*

Skaarud [41] 2018 Randomized Adults 119 59 60 Daily energy intake
measured and con-
trolled, EN and EN
+PN

Daily energy intake
not measured, PN

Poory

Gonzales [42] 2017 Multicentric,
patients from a sin-
gle center matched
with PN controls
from other centers

Children 194 97 97 EN and EN+PN PN Good*

Andersen [40] 2015 Randomized Adults 9 5 4 EN and EN+PN PN Poory

Guieze [38] 2013 Prospective Adults 56 28 28 Accepted initial EN
(EN and EN + PN)

Refused initial EN
and started PN

Intermediate*

Seguy [44] 2012 Prospective Adulst 121 94 27 EN and EN + PN PN or no
intervention

Good*

Hopman [46] 2003 Prospective Children 39 12 22 EN and EN + PN PN Low*
Papadopoulou [37] 1998 Prospective Children 39 20 19 EN and EN + PN PN Low*

Abbreviations: EN= Enteral Nutrition; PN= Parenteral Nutrition
* Quality assessed using the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) for prospective cohorts.
y Quality assessed using the Cochrane Tool for Quality Assessment for randomized controlled trial.
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Oral Mucositis
Five of the 8 studies included in the meta-analysis reported

the incidence of mucositis grade III-IV [38,39,41,42,44], with a
total of 530 participants. There was no statistically significant
difference in the incidence between the 2 groups (178 of 296
versus 152 of 234), with an RR of 0.95 (95% CI, 0.83 to 1.09;
P= .46) and no heterogeneity among studies (Figure 3). Of the
2 papers that did not meet the inclusion criteria for the meta-
analysis and that did not contain patients from the same
cohort of another study, only 1 reported the incidence of
mucositis grade III-IV, with no significant difference [35].

Survival
OS at day +100 was reported in 5 studies [38,39,41,42,44],

with a total of 530 participants, and no statistically significant
difference was found, with a RR of 1.07 (95% CI, 0.95 to 1.21;
P= .29) and medium-high heterogeneity (69%) (Figure 4). Of
the 2 papers with exclusive cohorts that did not meet the
inclusion criteria for the meta-analysis, 1 reported OS at day
+100, with no significant difference [35]. The other study
showed an association between adequate EN during the early
transplantation course and reduced nonrelapse mortality [36].

Infections
Data regarding infectious complications of allo-HSCT were too

heterogeneous to allow for a meta-analysis. Zama et al. observed
a reduced incidence of bloodstream infections in the EN group.
The type of nutritional support was also the only variable inde-
pendently associatedwith bloodstream infections in themultivar-
iate analysis [35]. Andersen et al. found no difference in the
incidence of grade 3-4 catheter-related infections [39]. Skaarud
et al. reported no significant differences in infectious complica-
tions, namely, bloodstream infections, fungal and viral infections,
and non-agent-specific pneumonia [41]. Gonzales et al. found no
differences in the incidence of septicemia and viral infections
[42]. Guieze et al. observed a lower median duration of fever, less
need for empirical antifungal therapy, and a lower rate of central
venous catheter replacement in the EN group compared with the
PN group, whereas there were no differences in documented bac-
teremia, viral reactivation, or duration of antibiotic therapy [38].
Seguy et al. found a higher percentage of patients with �2 epi-
sodes of infection in the PN group and a lower incidence of fungal
infections in the EN group, but no between-group differences in
the rates of bacterial and viral infections [44]. Hopman et al. found
no between-group difference in the incidence of sepsis [46], and
Papadopoulou et al. documented fewer and shorter febrile epi-
sodes in the EN group compared with the PN group [37].

Hematologic Recovery
Platelet recovery was addressed in 6 studies, but the

reported data were too heterogeneous to allow for a meta-anal-
ysis. Zama et al. found that platelet engraftment was shorter in
the PN group than in the EN group when considering a thresh-
old of >20 £ 109/L, but this correlation was not confirmed
when considering a threshold of>50£ 109/L [35]. Other studies
found no difference between the 2 groups in the percentage of
patients who achieved platelet engraftment by day +100 [39] or
in the number of days to reach platelet engraftment with a
threshold of either >20 £ 109/L [41] or >50 £ 109/L [38]. Gon-
zales et al. observed that the percentage of patients who
achieved platelet engraftment by day +100 was higher in the
EN group than in the PN group for thresholds of >20 £ 109/L
and >50 £ 109/L, and a decreased time to platelet engraftment
in the EN group in patients receiving only EN [42]. Seguy et al.
observed a shorter time to platelet engraftment in the EN group
than in the PN group considering a threshold of >20 £ 109/L,
but the data were not confirmed in a multivariate analysis;
rather, they found a correlation between the administration of



Figure 2. Forest plot showing the association between the use of EN as first-line nutritional support after allo-HSCT and the reduced incidence rates of aGvHD (A),
aGvHD grade III-IV (B), and gut aGvHD (C).

Figure 3. Forest plot showing no association between the use of EN as first-line nutritional support after allo-HSCT and the incidence of severe mucositis.
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Figure 4. Forest plot showing no association between the use of EN as first-line nutritional support after allo-HSCT and overall survival at day +100.
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PN and delayed platelet engraftment [44]. Only Seguy et al.
reported a difference in the time to neutrophil engraftment,
which was shorter in the EN group than in the PN group in the
univariate and multivariate analyses [44]. The other studies
found no difference.

Length of Hospital Stay and Transfer to the Intensive Care Unit
Clinical outcomes in terms of length of hospital stay and

transfer to intensive care were reported in the studies included
in the qualitative synthesis as follows: 7 studies did not find a
between-group difference between the length of hospital stay
[35,37-41,44], whereas Gonzales et al. observed a shorter
length of stay in the EN group compared with the PN group
[42]. Guieze et al. reported a lower rate of transfer to the inten-
sive care unit in the EN group [38], whereas the other 2 studies
did not find any between-group difference [35,44].

Systemic Metabolic Profile
Tvedt et al. [49] compared pretransplantation and post-trans-

plantation (3 weeks from HSCT) plasma metabolomic profiles in
10 patients receiving mainly EN and 10 patients receiving mainly
PN from the cohort of Skaarud et al. [41]. They observed increased
concentrations of medium- and long-chain carnitines and
decreased levels of fatty acids and mitochondrial activation
markers in the PN group after HSCT, suggesting that these
patients had altered oxidative metabolism due to insufficient
energy intake. Significant increases in heme and porphyrin
metabolites were also found in the PN group. Increased levels of
sulfated dopamine metabolites were observed in patients receiv-
ing mainly EN, perhaps due to greater oral intake and reduced
mucosal toxicity. Nevertheless, the differences between pretrans-
plantation and post-transplantation samples in the 2 groups were
larger than the differences observed at the same time points, sug-
gesting that the plasma metabolomic profile is determined
mainly by HSCT toxicity and not by nutritional support [49].

GM Composition
Two studies compared the GM of patients receiving EN and

patients receiving PN. Andersen et al. [48] examined 23 adult
patients from the cohort of Andersen et al. [39], of whom 13
received predominantly EN and 10 received predominantly PN,
and collected fecal samples 30 days after allo-HSCT, and found
no difference in microbial diversity but a greater relative abun-
dance of Faecalibacterium and Ruminococcus bromii in patients
who received predominantly EN [48]. These taxa are commonly
associated with increased production of short-chain fatty acids
(SCFAs), microbial metabolites with a multifaceted role in human
physiology [50], considered keystone components of a “healthy-
like” ecosystem [51,52]. D’Amico et al. [47] longitudinally
analyzed the recovery trajectory of the compositional and func-
tional profile of GM in 20 pediatric patients undergoing HSCT, of
whom 10 received EN and 10 received total PN. They observed
prompt recovery of a eubiotic, diverse GM composition and SCFA
layout after allo-HSCT-induced disruption in EN patients only.
Interestingly, among the genera that were restored in the EN
group during post-HSCT recovery, they identified Faecalibacte-
rium, Dorea, Blautia, Bacteroides, Parabacteroides, and Oscillospira,
all of which are well-known health-associated GM components
capable of producing SCFAs [47].

DISCUSSION
The present study is, to the best of our knowledge, the first

comprehensive meta-analysis comparing clinical outcomes
between patients receiving EN and those receiving PN as nutri-
tional support during the neutropenic period after allo-HSCT.

The quantitative analysis showed reduced incidence rates
of aGvHD, aGvHD grade III-IV, and gut aGvHD in patients
receiving EN, with an overall good quality of evidence. The
studies not included in the meta-analysis also showed a pro-
tective effect of EN against aGvHD [35,36]. This effect could be
attributed to the role of EN in maintaining gut ecosystem
homeostasis after upsetting events, such as allo-HSCT. Several
factors may contribute to the alteration of the intestinal envi-
ronment, and PN and reduced intestinal transit have been
associated with GM dysbiosis and gut mucosal atrophy
[28,53]. Moreover, some authors have suggested a trophic
effect provided by EN on the gut epithelium, either directly
due to a greater presence of nutrients in loco or indirectly via
the production of SCFAs by GM [54,55].

The improvement in gut barrier function combined with the
influence of a eubiotic GM on the underlying inflammatory pro-
cess and intestinal immune system may explain the protective
role of EN against gut aGvHD. The potential role of EN in reduc-
ing the translocation of microbial molecules and microbes while
increasing the production of SCFAs also could lead to systemic
anti-inflammatory and immunomodulatory effects, contribut-
ing to a reduction in the overall incidence of aGvHD, especially
severe forms. These hypotheses seem to be supported by the 2
studies comparing the GM of patients receiving EN and PN
[47,48], but larger prospective cohort studies are needed to con-
firm these findings. Furthermore, metagenomic and metabolo-
mic analyses could shed light on the complex interplay
between nutrition and GM after allo-HSCT in the future.

The quantitative analysis showed no correlation between
the type of nutritional support and the incidence of severe
forms of oral mucositis. This may be explained by predominant
roles of the type of conditioning regimen and the oral micro-
biota in the pathogenesis of oral mucositis [56].
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This meta-analysis failed to observe a statistically significant
improvement in OS at day +100 in the EN group. This can be
explained by the wide heterogeneity (69%) observed among the
studies. Moreover, one of the studies that was not included in
the quantitative analysis showed a reduction in nonrelapse mor-
tality in patients receiving adequate EN [36]. These data must be
confirmed in future studies to better address the impact of EN
and PN on survival after HSCT. The protective effect of EN against
aGvHD, combined with the promotion and maintenance of a
eubiotic GM composition, which was demonstrated to be an
independent predictor of mortality per se [27], could lead to
speculation about the improved survival in patients fed enterally.
This idea may be reinforced by the finding of improved survival
in children admitted to the intensive care unit and fed with EN,
although this is a totally different scenario [18].

The data on infectious complications are conflicting and very
heterogeneous. Thus, it is not possible to draw any meaningful
conclusion regarding the role of nutritional support in prevent-
ing infections after allo-HSCT. In other settings, EN was reported
to reduce the rate of infectious complications [17]. Interestingly,
it has been suggested that the reduction in bacterial infections,
which has not been observed in other studies, could be due to
the use of antibiotic prophylaxis and gut decontamination,
potentially overlapping the protective role of EN [35]. The sup-
posed role of EN in preventing bacterial infections is supported
by potential improvements in intestinal permeability and GM
homeostasis, a consequent reduction in the risk of bacterial
translocation [57], and a lower frequency of central venous
catheter handling due to the reduced use of PN [13]. This topic
must be a focus of future research to better understand the rela-
tionship between nutritional support and bacterial infections.

A deleterious effect of PN on platelet engraftment was
reported in only 2 studies [42,44]. The authors attributed this find-
ing to the hyperactivation of the monocyte-macrophage system
consecutive to lipid infusion, which causes medullar hemophago-
cytosis [58] and to the increased incidence of aGvHD that may
lead to medullar insufficiency by blocking hematopoietic stem
cells [59]. However, other groups failed to replicate this result.

The present meta-analysis has some limitations that should be
taken into account. First, there was wide heterogeneity in the
intervention group (EN group). The time of positioning of the
nasogastric tube and start of EN, the extent of nutritional assess-
ment and counseling, and the dose, duration, and types of formu-
las varied greatly across the different experiences. Considering
the quantitative and qualitative differences observed in the stud-
ies regarding caloric intake, we opted to not include the evalua-
tion of nutritional status in this systematic review and meta-
analysis. This may be relevant due to the possible correlation
between malnutrition and clinical outcomes after allo-HSCT [6-
8,60]. We believe that these considerations do not affect the find-
ings presented in this study, because the role of EN in preventing
aGvHD could be independent of nutritional status and potentially
mediated by improved intestinal homeostasis, as stated above.
Nevertheless, future studies must better address nutritional out-
comes by evaluating the type of nutrition using metabolic param-
eters and anthropometric measures to assess nutritional status
and investigating their relationship with clinical outcomes associ-
ated with allo-HSCT. Furthermore, the included studies were pub-
lished between 1998 and 2020, and over this time span
transplantation procedures and diagnostic capabilities changed
significantly. The absent to low heterogeneity regarding aGvHD
and mucositis observed in the meta-analysis, and the fact that no
gross difference was found in the data reported by year, may sup-
port the validity of the present results. Finally, we decided to
include both randomized controlled studies and prospective
nonrandomized cohorts in the quantitative analysis, to obtain a
significant number of patients. The choice to not perform a meta-
analysis of only the randomized studies was supported by the
poor quality of the studies included and by the sensitivity analysis
results showing that the result of the meta-analysis for each vari-
able did not change when the randomized studies were excluded
(Supplementary Figures S1 to S5).

CONCLUSIONS
According to the results of the present meta-analysis, the

use of EN as nutritional support during the neutropenic period
after allo-HSCT was associated with reduced incidence rates of
aGvHD, aGvHD grade III-IV, and gut aGvHD. No effect on the
onset of severe mucositis was observed, and no statistically
significant association between OS at day +100 after transplan-
tation and type of nutrition was found. These findings corrobo-
rate the recommendation of the current international
guidelines [5,10,11,22] and should prompt increased efforts to
implement EN as first-line nutritional support in patients
undergoing allo-HSCT. Nevertheless, additional studies involv-
ing a larger cohort of patients are needed to confirm the pres-
ent results and better understand the critical issues raised by
this systematic review, such as the correlation between the
type of nutritional support and OS and the incidence of infec-
tions. A more in-depth analysis of the nutritional outcomes of
EN and PN also could help shed light on the complex interplay
between nutritional status and clinical outcomes. Moreover,
we are only starting to scratch the surface on the potential
implications of the route of nutritional administration on the
GM, and further studies are warranted to address this compel-
ling topic. In particular, how the composition of the formula
affects the GM and the potential clinical outcomes are key
questions that await some answers in future research.
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