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Abstract

Allogeneic hematopoietic stem cell transplantation (allo-HSCT) is an integral part of the treatment strategy
for patients with malignant or non-malignant hematological diseases. Clinical outcomes of patients undergoing
allo-HSCT have significantly improved in recent decades. However, transplant-related morbidity and mortality
remain major issues for allo-HSCT recipients.
With regard to nutrition, patients undergoing allo-HSCT are at high risk for malnutrition. It is expected that
clinical practice concerning nutritional support in allo-HSCT has been improving in recent decades; however, no
data directly support this expectation. One major issue in managing nutritional support during allo-HSCT is the
lack of large-scale randomized prospective studies, which leads to a lack of well-established strategies. Accord-
ingly, we need to gather data from studies in non-HSCT and allo-HSCT settings. In some Asia-Pacific countries, a
physician’s lack of knowledge of nutritional support may impede the application of nutritional support practices
recommended by existing guidelines. Another barrier may be the lack of access to an adequately qualified or
trained registered dietitian (RD) at allo-HSCT units. Adequate training in the nutritional management of allo-
HSCT patients should be provided to all RDs working with HSCT. Herein, we summarize the information on nu-
tritional support in allo-HSCT, focusing on an Asian perspective.
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1. Introduction

Allogeneic hematopoietic stem cell transplantation
(allo-HSCT) is an integral part of the treatment strategy
for patients with malignant or non-malignant hemato-
logical diseases. The clinical outcomes of patients un-
dergoing allo-HSCT have improved significantly in re-
cent decades1, 2. However, morbidity and mortality un-
doubtedly remain major issues in allo-HSCT recipients.
Patients undergoing allo-HSCT are at high risk for
malnutrition3, 4. Although we expect that clinical practice
relating to nutritional support in allo-HSCT has im-
proved in recent decades, there is no evidence directly
supporting this expectation. One major issue is the lack

of large-scale randomized prospective studies, resulting
in a lack of well-established strategies in nutritional
support during allo-HSCT. Accordingly, data from stud-
ies in non-HSCT and allo-HSCT settings need to be
collated. Herein, we summarize information on nutri-
tional support in allo-HSCT, with emphasis on an Asian
perspective.

2. Pre-transplant Nutritional Support

After the diagnosis of hematological malignancy, pa-
tients typically have a lead time up to allo-HSCT, and
this interval varies among hematological diseases. For
instance, patients with acute myeloid leukemia receive
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induction chemotherapy and a few courses of consoli-
dation therapy before allo-HSCT, which takes approxi-
mately 3 months. Thus, there is sufficient time to inter-
vene from the viewpoint of nutritional support during
this period. Importantly, malnutrition should be avoided
before allo-HSCT3. Patients who undergo intensive che-
motherapy are at a high risk of malnutrition4, 5. Various
retrospective studies have reported the impact of pre-
transplant malnutrition on clinical outcomes after allo-
HSCT (Table 1)6-13. Furthermore, poor performance
status during allo-HSCT is a well-established adverse
prognostic factor14, 15. Accordingly, in such cases, inten-
sive nutritional support incorporating rehabilitation
should be undertaken to maintain good performance
status4, 16. Malnutrition status, so-called“iatrogenic sar-
copenia”, needs to be avoided using appropriate nutri-
tional support by collaborating with a multidisciplinary
team, as generally recommended for medical inpa-
tients17, 18. A recent study has reported the significant
impact of pre-transplant sarcopenia on post-transplant
clinical outcomes19. The use of supplemental nutritional
support to improve rehabilitation was beneficial in in-
creasing lean body mass and other factors, such as
muscle strength20, 21, a factor that should also be as-
sessed in the field of hematology.
At the time of diagnosis of hematological malig-
nancy, patients can begin a treatment pathway leading
to allo-HSCT. Therefore, it is recommended that the
nutritional status be assessed early at initial diagnosis,
as stated in the European Society for Clinical Nutrition
and Metabolism (ESPEN) and the American Society for
Parenteral and Enteral Nutrition (ASPEN) guidelines4, 16.
Screening is usually performed by a registered dietitian
(RD). Weight loss, low body mass index, reduced mus-
cle mass, reduced food intake, and the presence of in-
flammation are key parameters often employed to diag-
nose malnutrition22, 23. Screening tools incorporating
these parameters are commonly used to assess the nutri-
tional status. It is important to regularly repeat assess-
ments in patients who are planning to undergo HSCT
to detect and identify any signs of malnutrition.
In addition, it is critical to improve preexisting meta-
bolic syndrome before allo-HSCT, including diabetes
mellitus and obesity. Diabetes mellitus (DM) is a well-
known poor prognostic factor for allo-HSCT. Pre-
transplant DM, which requires treatment, is a factor for
the hematopoietic cell transplantation comorbidity index
(HCT-CI)24, 25. Other retrospective studies have also
found that pre-transplant hyperglycemia was associated
with poor clinical outcomes post-allo-HSCT26-28. The
most common cause of DM is type 2 DM, which can
be improved by nutritional intervention, including life-
style modifications such as dietary interventions and
physical activity29, 30. Additionally, pre-transplant obesity

is a well-known poor prognostic factor in allo-HSCT.
Pre-transplant obesity is also a factor for HCT-CI24, 25.
According to a few retrospective studies, pre-transplant
obesity was associated with an increased risk of non-
relapse mortality, although pre-transplant obesity was
not associated with a poor clinical outcome in these
studies7, 8.
In summary, assessment of nutritional status by an

RD and consultation with a physiotherapist for rehabili-
tation are recommended during the diagnosis of hema-
tological disease in transplant candidates. Interventions
to improve pre-transplant nutritional status and perform-
ance status are crucial for improving clinical outcomes
following allo-HSCT31.

3. Early Period after Allo-HSCT

Patients who undergo allo-HSCT are at a high risk of
morbidities and mortalities after allo-HSCT, particularly
during the early period post-allo-HSCT. Nutritional sup-
port during this period is crucial for maintaining an
adequately healthy nutritional status after allo-HSCT3, 32.
First, total caloric intake should be closely monitored,
and when total caloric intake becomes insufficient, nu-
tritional support should be implemented to maintain
adequate total caloric intake to meet estimated
needs31, 33. The target total caloric intake can be deter-
mined using the Harris-Benedict formula or other for-
mulas. If the oral caloric intake decreases, additional
snacks, protein/caloric enrichment of food, or energy/
protein-dense drinks can be supplemented. If the total
caloric intake continues to be insufficient, artificial nu-
tritional support such as enteral nutrition (EN) or par-
enteral nutrition (PN) can be initiated. In medical inpa-
tients, the use of individualized nutritional support can
improve important clinical outcomes, including overall
survival, compared with the use of standard hospital
food meals alone34. Thus, in patients undergoing allo-
HSCT, nutritional support options should also be ap-
plied31.
Recently, various studies have reported the possible

beneficial effect of EN after allo-HSCT35-37. No pub-
lished study has demonstrated the favorable effect of
EN when compared with PN in prospective randomized
controlled trials. However, retrospective studies have
suggested that EN affords clinical benefits post-allo-
HSCT35, 36. In detail, a French group reported that pa-
tients who received EN demonstrated a significantly
lower incidence of severe acute graft-versus-host dis-
ease (GVHD) and death due to infectious diseases than
those who received PN after allo-HSCT35, 36. Addition-
ally, recent studies reporting the clinical relevance of
microbiota supported the importance of EN in maintain-
ing the microbiota status after allo-HSCT38-40. Although
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meeting full caloric needs with EN alone might be
challenging, a degree of EN infusion, also known as
trophic feeding, could be beneficial41-44. Furthermore, a
recent prospective study incorporating prebiotics sug-
gested the beneficial impact of prebiotics using resistant
starch and a commercially available prebiotic mixture in
patients who underwent allo-HSCT, which shortened
the duration of oral mucositis and diarrhea and reduced
the incidence and severity of acute GVHD45. The
authors performed a detailed analysis of the microbiota,
revealing that the microbial diversity, the population of
butyrate producers, and butyrate concentration were
maintained in patients who consumed prebiotics. A
similar beneficial effect of prebiotics has been previ-
ously reported46. These results suggest a beneficial ef-
fect of prebiotics after allo-HSCT by maintaining the
microbiota status, which should be assessed in large-
scale studies in the future.
Hyperglycemia is another issue during the early
phase after allo-HSCT. Several factors, including im-
munosuppressive drugs, PN, and inflammation, lead to
elevated glucose levels post-allo-HSCT. Retrospective
studies have shown that the presence of hyperglycemia
or malglycemia during the early phase after allo-HSCT
is associated with an inferior clinical outcome28, 47-51.
Such adverse effects of post-transplant DM have also
been observed in organ transplantation52, 53. No large-
scale study has prospectively reported the benefits of
intensive glucose control after allo-HSCT. One small
study incorporated intensive glucose control post-allo-
HSCT54. The authors demonstrated the feasibility of in-
tensive glucose control after allo-HSCT, suggesting the
possible beneficial effects of intensive glucose control.
The incidence of infectious disease was significantly
lower in the intervention group than in the historical
control group54. Subsequently, a prospective multi-center
study incorporating intensive glucose control post-allo-
HSCT demonstrated a similar promising clinical out-
come: low infectious disease and non-relapse mortality
rates, considering that almost all of the patients in this
study received a classical myeloablative conditioning
regimen55. Intriguingly, a recent study that prospectively
assessed the impact of dipeptidyl peptidase 4 (DPP4)
inhibitors on the incidence of acute GVHD demon-
strated a promising, low incidence of severe acute
GVHD56. The authors reported no data on glucose con-
trol, but it is expected that glucose levels would de-
crease when using an anti-hyperglycemic drug, such as
a DPP-4 inhibitor. The benefits of incorporating DPP-4
inhibitors after allo-HSCT should be reassessed in fu-
ture trials.

4. Long-term Follow-up Post-allo-HSCT

Patients who undergo allo-HSCT are at a high risk of
long-term malnutrition long-term post-allo-HSCT3, 57, 58.
In addition, they are at risk for malnutrition secondary
to chronic GVHD, particularly gastrointestinal chronic
GVHD. Allo-HSCT recipients are also at risk for meta-
bolic syndrome associated with drugs used for GVHD
prophylaxis or treatment, such as systemic corticoster-
oids, calcineurin inhibitors, and mTOR inhibitors.
In outpatient clinics, access to routine monitoring of

nutritional status in allo-HSCT recipients might be lim-
ited. However, as discussed above, patients are also at a
high risk of malnutrition post-allo-HSCT, especially in
the setting of chronic GVHD. Thus, it is recommended
to incorporate routine nutritional status assessments by
RDs as part of the patient’s long-term follow-up regi-
men.
Moreover, it is important to educate patients and

family members regarding nutrition before discharge or
during the post-transplant period59. Nutrition education
should include topics such as food safety, food hygiene,
and food allergies. It is particularly crucial to educate
recipients of cord blood transplants, as transplant-
acquired food allergy could be a serious complication,
and guidance regarding this issue is critical to mitigat-
ing the risk of such complications60, 61.

5. Barriers to Improving Clinical Practice in Rela-
tion to Nutritional Support post-allo-HSCT

As discussed above, various interventions can be em-
ployed to maintain the nutritional status of patients un-
dergoing allo-HSCT. However, in real-world scenarios,
there are various barriers to improving clinical practice
following allo-HSCT. In some countries, a physician’s
lack of knowledge regarding nutritional support may
hinder the application of nutritional support practices
recommended by guidelines, such as ESPEN or AS-
PEN, in patients who will receive allo-HSCT. In Asia-
Pacific countries, another barrier may be the lack of ac-
cess to adequately qualified or trained RDs at some
allo-HSCT units. It is also highly recommended that
adequate training in the nutritional management of allo-
HSCT recipients be provided to all RDs working within
institutions performing allo-HSCT. This is especially
pertinent for those institutions or transplant centers that
frequently perform allo-HSCT.

6. Conclusion

Undoubtedly, nutritional support in HSCT is crucial
for optimizing the nutritional status of patients undergo-
ing allo-HSCT. This is believed to contribute to improv-
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ing clinical outcomes after allo-HSCT. However, clini-
cal studies assessing the importance of each nutritional
intervention are limited. Further studies focusing on nu-
tritional support for HSCT are required.
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