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Summary:

Severe metabolic abnormalities occurring within 100 days
after allogeneic hematopoietic cell transplantation (HCT)
were investigated in 311 patients. The metabolic abnorma-
lities included hyper- and hypocalcemia, hypophosphate-
mia, hyper- and hypokalemia, hyper- and hyponatremia,
hyper- and hypomagnesemia, hypercholesterolemia,
hyper- and hypoglycemia, and hyperuricemia. Severe
abnormalities, defined as grades III–V by NCI CTCAE
v3.0, occurred in 269 patients (86.5%). Multivariate
analysis revealed that patients with moderate-to-severe
hepatic veno-occlusive disease had significantly higher risk
for the occurrence of severe metabolic abnormalities.
Grades III–IV acute graft-versus-host disease was the
most frequently associated with individual metabolic
abnormalities. Patients with at least one severe metabolic
abnormality had significantly higher day 100 nonrelapse
mortality (P¼ 0.015) and lower 5-year overall survival
(P¼ 0.002) than those without severe abnormalities. The
number of metabolic abnormalities also stratified the
patients with different clinical outcomes. In conclusion,
severe metabolic abnormalities occurring within 100 days
after allogeneic HCT were common, and their occurrence
was significantly associated with inferior clinical out-
comes. These results indicate that metabolic parameters
should be monitored in patients undergoing allogeneic
HCT and that the occurrence of severe metabolic
abnormalities should be considered an important toxicity
parameter in prospective clinical trials regarding allo-
geneic HCT.
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Patients undergoing allogeneic hematopoietic cell trans-
plantation (HCT) are prone to develop a variety of

metabolic abnormalities, which vary in severity from mild
to life-threatening. Most of these metabolic abnormalities
occur during the early post-transplant period.1 Various
metabolic derangements are associated with high dose-
conditioning therapy,1,2 immunosuppressants used to pre-
vent or treat graft-versus-host disease (GVHD),3–5 total
parenteral nutrition (TPN),6,7 infective or inflammatory
processes,1 and other etiologies. These metabolic abnor-
malities may be accompanied by other post-transplant
complications, including GVHD and hepatic veno-occlu-
sive disease (VOD).

Severe metabolic abnormalities may have an adverse
effect on clinical outcomes after allogeneic HCT. There is
little information about the risk factors associated with
severe metabolic abnormalities and the clinical outcomes of
patients with these abnormalities. Although there have
been several studies reporting metabolic abnormalities after
allogeneic HCT, only one or two abnormalities were
investigated or metabolic abnormalities were not the main
subject in most of the studies. We therefore investigated the
severe metabolic abnormalities that occurred within 100
days after allogeneic HCT in 311 patients to determine the
frequency, risk factors, and clinical significance of the
abnormalities. We found that metabolic abnormalities were
very common after allogeneic HCT and that patients
with severe metabolic abnormalities had inferior clinical
outcomes.

Patients and methods

Patients

Between December 1993 and August 2003, 315 adult
patients underwent allogeneic HCT at the Asan Medical
Center, Seoul, Korea. Four of these patients were excluded
due to inadequate data regarding metabolic abnormalities.
We collected clinical and laboratory data on the remaining
311 patients from the HCT database of the Asan Medical
Center.

The 311 patients consisted of 181 males and 130 females,
with a median age of 32 years (range, 15–59 years) (Table 1).
In all, 103 patients had acute myelogenous or mixed
leukemia, 57 had acute lymphoblastic leukemia, 57 had
chronic myelogenous leukemia, 26 had myelodysplastic
syndrome, 34 had severe aplastic anemia, and 34 had other
diagnoses. The median time from diagnosis to HCT was
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141 days (range, 8–5706 days). At the time of HCT, 95
patients had high-risk features, defined as having acute
leukemia in relapse or in second or subsequent remission
(n¼ 35), chronic myelogenous leukemia in accelerated or
blastic phase (n¼ 11), chemotherapy resistant or relapsed
lymphoma, myeloma or solid tumor (n¼ 27), advanced

myelodysplastic syndrome (MDS) (chronic myelomono-
cytic leukemia, refractory anemia with excess of blasts,
or refractory anemia with excess of blasts in transforma-
tion; n¼ 16), and nonmalignant hematological disorder
with active infection or bleeding (n¼ 6). The hematopoietic
cell donor for 238 patients was a sibling, and for 73 an
unrelated volunteer.

Transplantation procedure

A conditioning regimen of busulfan plus cyclophosphamide
was given to 243 patients with malignant disorders,
including MDS. Four of these patients each received an
additional agent: cytarabine, etoposide, melphalan, or
antithymocyte globulin (ATG), respectively. For the regi-
men of busulfan plus cyclophosphamide, oral busulfan
(1 mg/kg every 6 h for a total of 16 doses from days �7 to
�4; n¼ 188) was administered before August 2002, whereas
intravenous busulfan (0.8 mg/kg every 6 h for a total of 16
doses from days �7 to �4; n¼ 55) was administered
thereafter. Cyclophosphamide was administered to all
patients at a dose of 60 mg/kg intravenously on days �3
and �2. In all, 32 patients with severe aplastic anemia
were conditioned with cyclophosphamide (50 mg/kg intra-
venously on days �5 to �2) plus ATG (30 mg/kg
intravenously on days �4 to �2). Two patients with severe
aplastic anemia were conditioned with cyclophosphamide
(50 mg/kg intravenously on days �3 and �2), ATG (30 mg/
kg intravenously on days �4 to �2), and fludarabine
(30 mg/m2 intravenously on days �6 to �2). In all, 34
patients received reduced-intensity regimens, with 30
receiving busulfan (1 mg/kg orally every 6 h for a total of
eight doses on days �7 and �6), fludarabine (30 mg/m2

intravenously on days �7 to �2), and ATG (10–20 mg/kg
intravenously on days �5 to �2), two receiving melphalan
(100 mg/m2 intravenously on day �2) and fludarabine
(30 mg/m2 intravenously on days �6 to �2), and two
receiving cyclophosphamide (60 mg/kg intravenously on
days �3 and �2), fludarabine (30 mg/m2 intravenously on
days �7 to �3), and ATG (10 mg/kg intravenously on days
�5 to �2).

In all, 277 patients received donor bone marrow grafts on
day 0, whereas 34 patients received peripheral donor blood
hematopoietic cells mobilized with granulocyte colony-
stimulating factor (G-CSF, 10 mg/kg/day subcutaneously
for 4 days) on days 0 and 1. All patients received non-T-cell
depleted grafts, except for one who received G-CSF-
mobilized peripheral blood hematopoietic cells from a
haplo-identical donor. All patients received prophylactic
therapy for GVHD with cyclosporine only (n¼ 72) or
cyclosporine plus methotrexate (n¼ 239). Cyclosporine
(1.5 mg/kg) was given intravenously every 12 h starting on
day �1 and switched to an oral dose when oral intake
became feasible. Intravenous methotrexate was given at a
dose of 15 mg/m2 on day 1 and at 10 mg/m2 on days 3, 6,
and 11. For patients conditioned with the reduced-intensity
regimen, the day 11 methotrexate dose was omitted.
Patients conditioned with busulfan plus cyclophosphamide
were administered heparin (100 U/kg/day) on days �7 to
30. All patients received 450mg of G-CSF intravenously
once daily starting on day 0 or 5, until peripheral blood

Table 1 Patient characteristics at baseline

Characteristic No. of patients

Age group (years)
p40 239 (76.8%)
440 72 (23.2%)

Sex
Male 181 (58.2%)
Female 130 (41.8%)

Diagnosis of underlying disease
Acute myelogenous or mixed leukemia 103 (33.1%)
Acute lymphoblastic leukemia 57 (18.3%)
Chronic myelogenous leukemia 57 (18.3%)
Myelodysplastic syndrome 26 (8.4%)
Severe aplastic anemia 34 (10.9%)
Other 34 (10.9%)

Time from diagnosis to HCT (days)
o140 152 (48.9%)
X140 159 (51.1%)

Disease status at HCT
Standard risk 216 (69.5%)
High riska 95 (30.5%)

GVHD prophylaxis
Cyclosporine plus methotrexate 239 (76.8%)
Cyclosporine only 72 (23.2%)

Source of hematopoietic cell grafts
Bone marrow 277 (89.1%)
Peripheral blood 34 (10.9%)

Hematopoietic cell donor
Sibling 238 (76.5%)
Unrelated 73 (23.5%)

Donor–recipient ABO incompatibility
No 164 (52.7%)
Yes 147 (47.3%)

Sex pair (donor–recipient)
Female–male 68 (21.9%)
Others 243 (78.1%)

Conditioning regimen
Busulfan (oral) plus cyclophosphamide7other

agent
188 (60.5%)

Busulfan (intravenous) plus cyclophosphamide 55 (17.7%)
Cyclophosphamide plus antithymocyte

globulin7fludarabine
34 (10.9%)

Reduced-intensity regimens 34 (10.9%)

HCT¼hematopoietic cell transplantation.
a‘High risk’ was defined as patients with acute leukemia in relapse or in
second or subsequent remission, those with chronic myelogenous leukemia
in accelerated or blastic phase, those with chemotherapy resistant or
relapsed lymphoma, myeloma or solid tumor, those with advanced
myelodysplastic syndrome (chronic myelomonocytic leukemia, refractory
anemia with excess of blasts, or refractory anemia with excess of blasts in
transformation), and patients with nonmalignant hematological disorders
with active infection or bleeding.
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absolute neutrophil count was over 3000/ml. Patients who
received cyclophosphamide as a conditioning therapy were
treated with mesna and hyperhydration of normal saline to
prevent hemorrhagic cystitis.

Monitoring of patients

Blood was drawn every day for complete blood counts,
including reticulocyte counts. Blood chemistry and electro-
lytes, including magnesium level, were determined twice
weekly, or more frequently if necessary. All patients were
prospectively monitored for the occurrence of hepatic VOD
and GVHD. Hepatic VOD was diagnosed in patients
having at least two of the following before day 30: (1)
hyperbilirubinemia (bilirubin X2.0 mg/dl), (2) painful
hepatomegaly, and (3) unexplained weight gain (42%
from baseline),8 with no other explanation for these signs
and symptoms present at the time of diagnosis. Severity of
VOD was classified as mild, moderate or severe.9 Patients
who met the criteria of VOD, but who were not treated and
whose illness was self-limiting, were considered to have
mild VOD. Those whose VOD resolved but who received
treatment, such as diuretics for fluid retention or narcotic
analgesics for painful hepatomegaly, were considered to
have moderate VOD. Patients who died of VOD or whose
VOD did not resolve by post-transplant day 100 were
considered to have severe VOD.

A diagnosis of acute GVHD was made on the basis of
clinical symptoms, laboratory tests, and whenever possible,
histopathological findings of the skin, oral mucosa, and
gastrointestinal tract,10 and classified according to clinical
criteria.11 Acute GVHD was initially treated with methyl-
prednisolone of 1–2 mg/kg/day.

Statistical analysis

Metabolic abnormalities analyzed in this study included
hyper- and hypocalcemia, hypophosphatemia, hyper-
and hypokalemia, hyper- and hyponatremia, hyper- and

hypomagnesemia, hypercholesterolemia, hyper- and hypo-
glycemia, and hyperuricemia. For each patient, the worst
laboratory value for each abnormality within 100 days after
HCT was recorded. Since calcium can be falsely low if
hypoalbuminemia (ie serum albumin o4.0 g/dl) is present,
hypocalcemia was corrected according to the formula,
corrected calcium (mg/dl)¼ total calcium (mg/dl)�0.8�
(serum albumin (g/dl)�4).12

Metabolic abnormalities were graded according to NCI
Common Terminology Criteria for Adverse Events
(CTCAE) v3.0, which classifies each toxicity as grades
I–V. In this study, grades III–V toxicities were defined as
severe abnormalities.

Individual patient characteristics and occurrence of
hepatic VOD or acute GVHD were analyzed for their
association with severe metabolic abnormalities using the
w2 test. Variables with Po0.1 were entered into subsequent
multiple logistic regression analysis. Nonrelapse mortality
at post-transplant day 100 (D100 NRM) and 5-year overall
survival were calculated by the Kaplan–Meier method and
compared by a log-rank test. The Cox proportional hazards
regression model was used to assess the ability of number of
metabolic abnormalities to predict D100 NRM or 5-year
overall survival when grades III–IV acute GVHD and
moderate-to-severe hepatic VOD were analyzed together
because these variables were frequently associated with the
occurrence of severe metabolic abnormalities.

Results

Frequencies of severe metabolic abnormalities within
100 days after HCT

Of the 311 patients, 269 (86.5%) developed at least one
severe metabolic abnormality within 100 days after
allogeneic HCT (Figure 1). In all, 196 patients (63.0%)
had one to three metabolic abnormalities, whereas 73
(23.5%) had four to seven abnormalities. Frequencies of
individual abnormalities within 100 days after HCT were

22Hyperuricemia

Hyperglycemia

Hypokalemia

Hyperkalemia

Hypocalcemia

Hypercalcemia

Total patients studied

Any abnormalities

Hyponatremia

Hypernatremia

Hypomagnesemia

Hypermagnesemia

Hypophosphatemia

Hypoglycemia

Hypercholesterolemia

12

138

52

9

3

185

149

13

25

105

1

1

271

311

Figure 1 Frequencies of severe metabolic abnormalities within 100 days after allogeneic HCT.
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hypercalcemia in one patient (0.3%), hypocalcemia in one
(0.3%), hypophosphatemia in 105 (33.8%), hyperkalemia
in 25 (8.0%), hypokalemia in 149 (47.9%), hypernatremia
in 13 (4.2%), hyponatremia in 185 (59.5%), hypermagne-
semia in nine (2.9%), hypomagnesemia in 52 (16.7%),
hypercholesterolemia in three (1.0%), hyperglycemia in 138
(44.4%), hypoglycemia in 12 (3.9%), and hyperuricemia in
22 (7.1%).

Risk factors associated with severe metabolic abnormalities

Pre-transplant patient and donor characteristics and post-
transplant complications, such as acute GVHD and hepatic
VOD, were analyzed for their association with severe
metabolic abnormalities within 100 days after allogeneic
HCT (Table 2). Multivariate analysis revealed that patients
with moderate-to-severe hepatic VOD had significantly
higher risk for the development of at least one abnormality
after HCT (P¼ 0.042; odds ratio (OR), 4.747; 95%
confidence interval (CI), 1.060–21.259). Risk factors for
each metabolic abnormality were also analyzed (Table 2).
Grades III–IV acute GVHD was the most frequently
associated with individual metabolic abnormalities, being
an independent risk factor for the occurrence of hypopho-
sphatemia (Po0.001; OR, 6.692; 95% CI, 2.913–15.373),
hypernatremia (P¼ 0.002; OR, 10.390; 95% CI, 2.344–
46.049), hyponatremia (P¼ 0.001; OR, 6.910; 95% CI,
2.284–20.900), hypermagnesemia (P¼ 0.038; OR, 5.831;
95% CI, 1.100–30.894), and hyperglycemia (Po0.001; OR,
16.021; 95% CI, 5.827–44.049). Moderate-to-severe hepatic
VOD was significantly associated with the occurrence of
hyponatremia (P¼ 0.009; OR, 2.808; 95% CI, 1.295–
6.089), hyperglycemia (P¼ 0.045; OR, 2.019; 95% CI,
1.017–4.009), and hyperuricemia (Po0.001; OR, 14.109;
95% CI, 6.008–33.133). When the donor–recipient pair was
female–male, the incidence of hypophosphatemia
(P¼ 0.013; OR, 0.379; 95% CI, 0.176–0.817) was signifi-
cantly lower and that of hyponatremia (P¼ 0.020; OR,
2.193; 95% CI, 1.133–4.245) was significantly higher than
observed with the other donor–recipient sex pairs. Patients
with time from diagnosis to HCT of 140 days or more had
significantly higher risk for the occurrence of hypopho-
sphatemia (P¼ 0.005; OR, 2.587; 95% CI, 1.341–4.990).
When the status of the underlying disease was high risk at
the time of HCT, hyperkalemia was significantly more
frequent (P¼ 0.002; OR, 5.288; 95% CI, 1.837–15.223).
Age over 40 years (P¼ 0.002; OR, 2.974; 95% CI, 1.477–
5.989) and conditioning regimen (P¼ 0.001) were addi-
tional risk factors for the occurrence of hyponatremia.
When the conditioning regimens were compared, intrave-
nous busulfan plus cyclophosphamide showed a signifi-
cantly lower incidence of hyponatremia than oral busulfan
plus cyclophosphamide (Po0.001; OR, 0.274; 95% CI,
0.135–0.558).

D100 NRM and overall survival according to the
occurrence of severe metabolic abnormalities

For all patients, D100 NRM was 11.5%, and 5-year overall
survival was 57.7%. Patients with at least one severe
metabolic abnormality showed significantly higher D100 T
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NRM (P¼ 0.015) and lower 5-year overall survival
(P¼ 0.002) than those with no severe metabolic abnorm-
alities (Table 3). Most individual metabolic abnormalities
had significantly negative impacts on D100 NRM and
overall survival. Hypophosphatemia (P¼ 0.042 for D100
NRM, P¼ 0.006 for overall survival), hyperkalemia
(Po0.001 for D100 NRM, Po0.001 for overall survival),
hypokalemia (P¼ 0.001 for D100 NRM, Po0.001 for
overall survival), hypernatremia (Po0.001 for D100 NRM,
Po0.001 for overall survival), hyponatremia (P¼ 0.004 for
D100 NRM, P¼ 0.001 for overall survival), hypermagne-
semia (Po0.001 for D100 NRM, P¼ 0.001 for overall
survival), and hyperglycemia (Po0.001 for D100 NRM,
Po0.001 for overall survival) were each significantly
associated with higher D100 NRM and inferior overall
survival. D100 NRM and overall survival differed sig-
nificantly according to the number of severe metabolic
abnormalities. Patients with no severe metabolic abnorm-
ality had a D100 NRM of zero, whereas those with one to
three abnormalities had a D100 NRM of 7.3% and those
with four to seven abnormalities had a D100 NRM of
29.6% (Po0.001, Figure 2a). The 5-year overall survival
was 78.4% in patients with no metabolic abnormalities,
60.42% in those with one to three abnormalities, and
39.4% in those with four to seven abnormalities (Po0.001,

Figure 2b). The Cox proportional hazards regression model
showed that increasing number of severe metabolic
abnormalities were independently associated with signifi-
cantly inferior clinical outcomes in terms of D100 NRM
(P¼ 0.004) and 5-year overall survival (P¼ 0.003) when
grades III–IV acute GVHD and moderate-to-severe hepatic
VOD were analyzed together (data not shown).

Discussion

We observed a high frequency of various metabolic
abnormalities after allogeneic HCT, with 86.5% of patients
having at least one severe metabolic abnormality. These
abnormalities were associated with various risk factors,
among which moderate-to-severe hepatic VOD and grades
III–IV acute GVHD were the most frequent. Patients with
hepatic VOD are liable to develop hyponatremia due to
expansion of extracellular volume, use of diuretics, and
impairment of renal function. Secretion of inappropriate
antidiuretic hormone has also been reported to cause
hyponatremia in HCT recipients and it has been found to
be a side effect of conditioning therapy, especially with
cyclophosphamide.1,2 Acute GVHD can cause various
metabolic derangements because it requires systemic

Table 3 Nonrelapse mortality at post-transplant day 100 and 5-year overall survival according to the occurrence of grades III–IV metabolic

abnormalities

Patient no. D100 NRM (%) P-valuea 5-year OS (%) P-valuea

Any abnormalities
Grades 0–2 42 (13.5%) 0 0.015 78.4 0.002
Grades 3–4 269 (86.5%) 13.3 54.6

Hypophosphatemia
Grades 0–2 206 (66.2%) 8.9 0.042 60.0 0.006
Grades 3–4 105 (33.8%) 16.9 48.8

Hyperkalemia
Grades 0–2 286 (92.0%) 8.9 o0.001 59.9 o0.001
Grades 3–4 25 (8.0%) 42.0 32.5

Hypokalemia
Grades 0–2 162 (52.1%) 5.7 0.001 67.0 o0.001
Grades 3–4 149 (47.9%) 17.8 47.0

Hypernatremia
Grades 0–2 298 (95.8%) 9.2 o0.001 59.6 o0.001
Grades 3–4 13 (4.2%) 68.5 15.4 (3 years)

Hyponatremia
Grades 0–2 126 (40.5%) 4.8 0.004 69.1 0.001
Grades 3–4 185 (59.5%) 16.1 49.8

Hypermagnesemia
Grades 0–2 302 (97.1%) 9.8 o0.001 58.7 o0.001
Grades 3–4 9 (2.9%) 66.7 22.2 (4 years)

Hypomagnesemia
Grades 0–2 259 (83.3%) 12.3 0.358 58.9 0.497
Grades 3–4 52 (16.7%) 7.8 52.0

Hyperglycemia
Grades 0–2 173 (55.6%) 3.5 o0.001 62.1 o0.001
Grades 3–4 138 (44.4%) 21.7 48.4

Hypoglycemia
Grades 0–2 299 (96.1%) 11.3 0.633 57.9 0.964
Grades 3–4 12 (3.9%) 16.7 53.3

Hyperuricemia
Grades 0–2 289 (92.9%) 10.9 0.264 59.0 0.053
Grades 3–4 22 (7.1%) 19.1 41.8

D100 NRM¼ nonrelapse mortality at post-transplant day 100; OS¼overall survival.
aLog-rank test.
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immunosuppressive treatments, which may be complicated
by gastrointestinal symptoms or severe infections. Cyclo-
sporine and tacrolimus, the most widely used immunosup-
pressants for the prophylaxis and treatment of GVHD,
have been associated with hyperkalemia,3,4,13,14 hypergly-
cemia,3,4,15,16 hypomagnesemia,17–19 and hypertriglyceride-
mia20,21 in HCT recipients. Glucocorticoid, another
frequently used immunosuppressant for GVHD, also
causes hyperglycemia.5,22 Acute GVHD was the major
indication for the use of glucocorticoid in our study. Other
than hepatic VOD and acute GVHD, the occurrence of
severe metabolic abnormalities were also associated with
age (hyponatremia), duration of disease before HCT
(hypophosphatemia), disease status at the time of HCT

(hyperkalemia), type of donor (hyponatremia), donor–
recipient sex pair (hypophosphatemia, hyponatremia), and
conditioning regimen (hyponatremia). Presence of severe
metabolic abnormalities may reflect various underlying
conditions on the whole.

Gastrointestinal symptoms such as vomiting or diarrhea
can cause electrolyte disturbances, and inflammatory or
infective processes may lead to insulin resistance by
increasing tumor necrosis factor (TNF)-a.23 Pentamidine,
which is used for the prevention or treatment of pneumo-
cystis pneumonitis, may cause acute release of insulin due
to pancreatic b cell damage, resulting in severe hypoglyce-
mia followed by hyperglycemia.24 There was a case report
of hypoglycemia induced by antibodies to insulin receptor
following HCT.25 Although TPN is important in suppor-
tive therapy of patients undergoing HCT, it is frequently
associated with various metabolic abnormalities, especially
electrolyte and glucose disturbances.6,7 We could not
analyze the role of TPN use in metabolic abnormalities in
our study, however, because almost all our patients
received TPN during the early post-transplant period.

Hypophosphatemia is a common abnormality after
HCT,26 with 33.8% of our patients developing severe
hypophosphatemia. Increased phosphate uptake by repli-
cating neutrophils during the peri-engraftment period is
thought to play a role in the occurrence of hypopho-
sphatemia in HCT recipients.27–29 Hypokalemia was also
frequently encountered after HCT. This condition may be
due to renal potassium wasting, which may result from
long-term use of aminoglycoside antibiotics and ampho-
tericin B, concomitant hypomagnesemia, and vomiting.
Disturbances of calcium or lipids, which have been rarely
reported in patients undergoing HCT,30–32 were also
uncommon (1.0% or less) in our study. Hypomagnesemia
was relatively frequent (16.7%), whereas hypermagnesemia
was infrequent (2.9%). A case of hypermagnesemia was
reported as a complication of antacid administration after
HCT.33

Severe metabolic abnormalities were associated with
inferior clinical outcomes, as determined by D100 NRM
and overall survival. It is unlikely that the higher
nonrelapse mortality in patients with metabolic abnorma-
lities resulted from direct effects of these abnormalities. No
metabolic abnormality was recorded as cause of death in
any patient included in this study. The poor prognosis of
patients with metabolic abnormalities may be due to
underlying serious problems, such as acute GVHD and
hepatic VOD, both of which were significantly associated
with the occurrence of severe metabolic abnormalities.
However, increasing number of metabolic abnormalities
showed independently significant adverse impact on D100
NRM and overall survival when grades III–IV acute
GVHD and moderate-to-severe hepatic VOD were ana-
lyzed together. The number of metabolic abnormalities also
stratified the patients with different clinical outcomes.
These results suggest that metabolic abnormalities during
the early post-transplant period may serve as prognostic
indicators for patients undergoing allogeneic HCT.

In conclusion, severe metabolic abnormalities within 100
days of allogeneic HCT were common, and the presence
of those abnormalities was significantly associated with
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Figure 2 D100 nonrelapse mortality (D100 NRM) and overall survival
differed significantly according to the number of severe metabolic
abnormalities. (a) Patients without no abnormality had D100 NRM of
zero, while those with one to three abnormalities had a D100 NRM of
7.3% and those with four to seven abnormalities had a D100 NRM
of 29.6% (Po0.001). (b) The 5-year overall survival was 78.4% in patients
with no abnormalities, 60.4% in patients with one to three abnormalities,
and 39.4% in patients with four to seven metabolic abnormalities
(Po0.001).
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inferior clinical outcomes. These findings suggest that
metabolic parameters should be monitored in the patients
undergoing allogeneic HCT, and that metabolic abnorm-
alities should be considered an important toxicity para-
meter in prospective clinical trials regarding allogeneic
HCT.
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