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Purpose: This study examined the effects of parenteral nutrition (PN) on the nutritional status, clinical improvement, and PN-related
complications in pediatric patients who had undergone hematopoietic stem cell transplantation (HSCT).

Methods: A retrospective audit of 110 pediatric patients (age<18), who underwent HSCT from March 2015 to February 2017
was undertaken. The patients were divided into 3 groups based on the ratio of daily calorie supplementation to the daily calorie
requirement (ROCS). The clinical factors related to the nutritional status, such as difference in body weight (BW), body mass
index (BMI), percent ideal body weight (PIBW), total protein (T.protein), and albumin; the early clinical outcome, such as PN-duration,
length of hospitaliaztion (LOH), engraftment day (ED), graft-versus-host disease, sepsis, pneumonia and mucositis; and PN-related
complications, including elevation of total bilirubin (T.bil), direct bilirubin (D.bil), aspartate aminotransferase, alanine
aminotransferase, glucose and cholesterol levels, and hepatic veno-occlusive disease were analyzed using the electronic medical
records. Additional analysis subject to auto-HSCT and allo-HSCT patients was also performed.

Results: The very-low-ROCS, low-ROCS, and satisfied-ROCS group were 30 (27.3%), 47 (42.7%), and 33 (30.0%) patients, respectively.
The PN-duration (P=0.005, z=-2.271), LOH (P=0.023, z=-2.840), ED (P<0.001, z=-3.695), T.bil elevation (P<0.001, z=-3.660),
and D.bil elevation (P=0.002, z=-3.064) tended to decrease with increasing ROCS. The difference in the PN-duration (P=0.017),
ED (P=0.001), T.bil elevation (P=0.001), and D.bil elevation (P=0.011) in the 3 groups was statistically significant. In the auto-HSCT
patients, the change in BW (P=0.031, z=+2.154), PIBW (P=0.029, z=+2.187), and BMI (P=0.021, z=+2.306) tended to increase.
In the allo-HSCT patients, the change in T.protein (P=0.022, z=+2.286) increased but the ED (P=0.021, z=-2.304) decreased.
Conclusion: Aggressive PN supplementation has an effect on maintaining the nutritional status and achieving better early outcomes
in pediatric HSCT patients, whereas it has no effect on increasing the PN-related complications.
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Fig. 1. Design of the study. Analysis I: 110 patients were classified in 3 groups and analyzed. Analysis II: (additional analysis) the patients, who
underwent auto-hematopoietic stem cell transplantation (HSCT) or allo-HSC'T respectively were classified in 3 groups and analyzed. Auto =
autogenetic; Allo = allogeneic; PN = parenteral nutrition; %kcal= (total calories intake)/(daily nutritional requirement) X 100.
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Table 1. General characteristics of patients at the time of HSC'T (D-1) (n=110)

Characteristic Group I (n=30)

Patients 30 (27.3)
Sex
Male 21 (70.0)
Female 9 (30.0)
Age (y) 13 (1.0~ 17.0)
Group of age (y)
Neonate & infant (0<y<2) 2(6.7)
Early childhood (2<y<6) 8 (26.7)
Middle childhood (6<y<12) 2 (6.7)
Early adolescence (12<y<19) 18 (60.0)

Body weight (kg)

%IBW (%)"

BMI (kg/m%)°

Type of parenteral nutrition

44.0 (10.5~67.6)
97.8 (67.4~171.8)
18.9 (15.1~28.1)

2-in-1 (glucose based) 2 (6.7)
3-in-1 (lipid based) 28 (93.3)
ROCS 37.0 (3.0~44.0)
Primary disease
ALL 9 (30.0)
AML 7 (23.3)
CML 1@3.3)
Malignant lymphoma 2 (6.7)
Ewing’s sarcoma 13.3)
Wilms’ tumor 0 (0.0)
Brain tumor 3 (10.0)
Neuroblastoma 2 (6.7)
Aplastic anemia 3 (10.0)
Rhabdomyosarcoma 2 (6.7)
Etc. 0 (0.0)
Graft type
Autologous HSC'T 11 (36.7)
Allogeneic HSC'T 19 (63.3)
Stem cell source
Peripheral blood 22 (73.3)
Bone marrow 8 (26.7)

Values are presented as number (%) or median (range).

Group IT (n=47) Group III (n=33) P-value
47 (42.7) 33 (30.0)
0.650
28 (59.6) 21 (63.6)
19 (40.4) 12 (36.4)
4.5 (0.0~ 18.0) 3.5 (0.0~17.0) 0.002*
<0.001*
4 (8.5) 9 (27.3)
22 (46.8) 12 (36.4)
12 (25.5) 7 (21.2)
9 (19.1) 5(15.2)
18.1 (9.5~72.5) 15.6 (7.5~-57.5) <0.001*
101.1 (71.6~135.8) 98.1 (27.5~146.8) 0.710
16.5 (13.0~24.2) 16.2 (13.6~22.7) 0.013*
0.406
2 (4.3) 4 (12.1)
45 (95.7) 29 (87.9)
54.0 (45.0~69.0) 87.0 (71.0~121.0) <0.001*
0.035"
12 (25.5) 2 (6.1)
7 (14.9) 2 (6.1)
0(0.0) 0 (0.0)
12.1) 1(3.0)
0 (0.0) 1(3.0)
1(2.1) 39.1)
11 (23.4) 14 (42.4)
8 (17.0) 39.1)
12.1) 5(15.2)
5 (10.6) 1(3.0)
1(2.1) 1(3.0)
0.026"
28 (59.6) 23 (69.7)
19 (40.4) 10 (30.3)
0.043"
42 (89.4) 31 (93.9)
5 (10.6) 2 (6.1)

HSCT = hematopoietic stem cell transplantation; D-1 = the day before transplantation day; Group I = <45%kcal; Group II = =45%kcal ~

<70%kcal; Group III = =70%kcal; %IBW = %ideal body weight; BMI =

body mass index; ROCS = ratio of daily calorie supplementation

to the daily calorie requirement; ALL = acute lymphocytic leukemia; AML = acute malignant leukemia; CML = chronic malignant leukemia.
P <0.05. "%IBW (%) = (body weight)/(IBW) x 100. “BMI (kg/m®) = (body weight)/(height)®.
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Table 2. Laboratory data at the time of HSCT (D-1)

Serum concentration Group I (n=30)

Total protein (g/dL) 5.9 (4.8~8.5)
Albumin (g/dL) 3.8 (3.2~4.9)
Total bilirubin (mg/dL) 0.6 (0.1~4.8)
Direct bilirubin (mg/dL) 0.2 (0.1~1.1)
AST (IU/L) 38.5 (10.0~711
ALT (IU/L) 35.0 (14.0~884

Glucose (mg/dL)

)

)

105 (75.0~ 360)

Cholesterol (mg/dL) )

149.5 (72.0~235

Values are presented as median (range).
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[ O] 5 G g0 2255 7 AR P
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-2.840), AXFA4=(P<0.001, z=-3.695)7} EA A& §oJs}

A fadhs AE/S HERHTE T3 K-W test S 0]-8-3H Al 7

Group I (n=47) Group III (n=33) P-value
5.8 (4.3~6.8) 5.8 (1.2~6.7) 0.693
3.8 (2.8~4.4) 3.8 (29~4.3) 0.839
0.3 (0.1~1.6) 0.3 (0.1~1.4) 0.012°
0.1 (0.1~0.7) 0.1 (0.1~0.6) 0.043*

47.0 (12.0~265) 48.5 (16.0~421) 0.832
54.5 (9.0~213) 39.0 (9.0~210) 0.705
99.0 (71.0~318) 98.0 (79.0~155) 0.281
147.5 (96.0~ 300) 138.5 (89.0~207) 0.138

HSCT = hematopoietic stem cell transplantation; D-1 = the day before transplantation day; Group I = <45%kcal; Group Il = =45%kcal ~
<70%kcal; Group III = =70%kcal; AST = aspartate aminotransferase; AL'T' = alanine aminotransferase.

‘P <0.05.

Table 3. Analysis of variation in the factors related with nutritional status from D-1 to last-PN day

Variable Group I (n=30) Group II (n=47)

Percentile of ABW* (%) -39 -1.5
(-16.3~ +7.6)/47.8  (-23.6~ +8.2)/55.5

A%Ideal body weight” (%) 4.0 -14
(172~ +9.6)/48.6  (-23.8~ +7.8)/55.7

ABody mass index” (kg/m?) -7.6 -0.3
(3.2~ +2.0)/47.9 (5.0~ +1.5)/56.2

ATotal protein” (g/dL) 0.3 0.4
(-12~+1.9)/50.5  (-1.8~+2.1)/57.2

AAlbumin” (g/dL) -0.2 -0.1

(0.9~ +0.8)/48.7

Values are presented as median (range)/mean rank.

(-1.4~ +1.0)/58.0

KW J-T J-T
Group IIT (n=33) P-value P-value z-value
-0.4 0.186 0.056 +1.907
(—40~ +4.6)/62.5
-0.8 0.270 0.090 +1.696
(-39.3~ +4.9)/61.6
-0.2 0.230 0.078 +1.763
(6.2~ +0.8)/61.5
0.8 0.603 0.361 +0.914
(2.1~ +4.8)/57.6
-0.1 0.391 0.243 +1.168

(-1.9~+0.9)/58.1

D-1 = the day before transplantation day; PN = parenteral nutrition; Group I = <45%kcal; Group II = =45%kcal ~ <70%Xkcal; Group III
= =70%kcal; K-W = Kruskal-Wallis test; J-T' = Jonckheere-Terpstra test; BW = body weight.
*Percentile of ABW (%) =[{(BW of last-PN day)—(BW of D-1) }/(BW of D-1)]%100. "Adata= (data of last-PN day)—(data of D-1).
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