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Introduction: L-asparaginase (ASNase) depletes L-asparagine and causes the death
of leukemic cells, making it a mainstay for the treatment of acute lymphoblastic
leukemia (ALL). However, ASNase's activity can be inhibited by L-aspartic acid (Asp),
which competes for the same substrate and reduces the drug's efficacy. While
many commercially used total parenteral nutrition (TPN) products contain Asp, it
is unclear how the concomitant use of TPNs containing Asp (Asp-TPN) affects ALL
patients treated with ASNase. This propensity-matched retrospective cohort study
evaluated the clinical effects of the interaction between ASNase and Asp-TPN.

Methods: The study population included newly diagnosed adult Korean
ALL patients who received VPDL induction therapy consisting of vincristine,
prednisolone, daunorubicin, and Escherichia coli L-asparaginase between
2004 and 2021. Patients were divided into two groups based on their exposure
to Asp-TPN: (1) Asp-TPN group and (2) control group. Data, including baseline
characteristics, disease information, medication information, and laboratory data,
were collected retrospectively. The primary outcomes for the effectiveness were
overall and complete response rates. Relapse-free survival at six months and one
year of treatment were also evaluated. The safety of both TPN and ASNase was
evaluated by comparing liver function test levels between groups. A 1.1 propensity
score matching analysis was conducted to minimize potential selection bias.

Results: The analysis included a total of 112 ALL patients, and 34 of whom received
Asp-TPN and ASNase concomitantly. After propensity score matching, 30 patients
remained in each group. The concomitant use of Asp-TPN and ASNase did not
affect the overall response rate (odds ratio [OR] 0.53; 95% confidence interval
[Cl] = 0.17-1.62) or the complete response rate (OR 0.86; 95% Cl| = 0.29-2.59)
of the ASNase-including induction therapy. The concomitant use of Asp-TPN
and ASNase also did not impact relapse-free survival (RFS) at six months and one
year of treatment (OR 1.00; 95% Cl = 0.36-2.78 and OR 1.24; 95% Cl, 0.50-3.12,
respectively). The peak levels of each liver function test (LFT) and the frequency of
LFT elevations were evaluated during induction therapy and showed no difference
between the two groups.

Conclusion: There is no clear rationale for avoiding Asp-TPN in ASNase-treated
patients.
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1. Introduction

Although survival outcomes have improved dramatically in
pediatrics with acute lymphoblastic leukemia (ALL), cure rates for adult
ALL patients have been estimated to be only 40% (1, 2). According to
several studies, the initial response affects the prognosis of ALL. High
levels of minimal residual disease (MRD) have been found to
be associated with decreased relapse-free survival (RFS) after induction
therapy. Thus, any potential factor that could affect the initial response
of induction treatment needs to be reduced to maximize long-term
responses. For newly diagnosed adult ALL patients, the regimen
consisting of vincristine, prednisolone, daunorubicin, and
L-asparaginase (VPDL) is used as induction therapy (3).

L-asparaginase (ASNase) is an enzyme that catalyzes the hydrolysis
of L-asparagine into L-aspartic acid (Asp). In blood and cerebrospinal
fluid, ASNase leads to a rapid lowering of the levels of asparagine, an
amino acid that is crucial for cell growth (4-7). While normal cells can
synthesize asparagine, leukemic lymphoblasts lack asparagine
synthetase and are incapable of de novo asparagine synthesis, which
makes them dependent on the exogenous supply of asparagine. ASNase
results in apoptosis of tumor cells by draining all circulating asparagine
as shown in Figure 1 (8). Previous binding and inhibition studies (9-11)
demonstrated the interaction between this enzyme drug and its product,
Asp. One study found that Asp competitively inhibits ASNase with the
inhibition constant of 80pM (9). Based on these studies, a way to
chemically remove Asp from ASNase was suggested to maintain the
activity of ASNase and to prevent this interaction. Now, commercially
supplied ASNase does not contain Asp.

Meanwhile, ALL patients undergoing chemotherapy suffer from
malnutrition due to mucositis and anorexia caused by chemotherapy,
which contributes to the mortality rate of cancer patients (12-16, 26).
Total parenteral nutrition (TPN) provides a way to deliver nutrients

directly into the bloodstream to help maintain adequate nutrition in
these patients, who may not be able to consume enough food orally.
TPN products contain several kinds of amino acids, and Asp is included
among them. Asparagine, on the other hand, is excluded from the TPN
products because normal cells can synthesize asparagine via the actions
of asparagine synthetase. Because Asp-containing TPN (Asp-TPN)
formulations are being concomitantly used with ASNase, we are
concerned that Asp in TPN may affect the clinical response of ASNase.
However, whether the interaction between ASNase and Asp-TPN
would impact the clinical outcomes in newly diagnosed ALL patients
has never been studied. As previously mentioned, achieving complete
remission (CR) with induction therapy is important for ALL prognosis.
If an amino acid known to affect the activity of the cornerstone of
induction therapy is being administered concurrently with TPN, clinical
analysis of the interaction is significant. Accordingly, we compared the
response, relapse, and safety between the control and Asp-TPN groups
to ensure ASNase and TPN can be used concomitantly in ALL patients.

2. Materials and methods
2.1. Study population

Newly diagnosed adult Korean ALL patients were included who
administered Escherichia coli ASNase-including VPDL induction
therapy (vincristine 1.5 mg/m” iv, maximum 2 mg on days 1, 8, 15, and
22, prednisolone 40 mg/m’ or 60 mg/m?” po on days 1-22 with tapering
off, daunorubicin 45 mg/m? 60 mg/m?, or 90 mg/m? iv on day 1-3, and
ASNase 6,0001U/m? iv, maximum 10,0001U on day 12-21) at Seoul
National University Hospital (SNUH) between the years 2004 and
2021. Patients who had been diagnosed with other hemato-oncological
diseases and exposed to other chemotherapy regimens were excluded
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from this study. Additionally, we excluded those patients receiving
ASNase doses less than 30,000 1U/m? (50% of the normal dose). The
patients were followed up for relapse until a year had passed from the
first remission. Patients who met inclusion criteria were then divided
into two groups based on their exposure to Asp-TPN: (1) Asp-TPN
group and (2) control group. The study was approved by the
Institutional Review Board of Seoul National University Hospital
Clinical Research Institute (IRB No. 2103-076-1204).

2.2. Data collection

All data, including baseline characteristics, disease, medication
information, and laboratory data, were collected retrospectively from
electronic medical records. Data including age, sex, body mass index
(BMI), and body surface area (BSA) were collected as baseline
characteristics. Types of diets along with methods of nutrition during
ASNase administration and performance status (PS) based on the
Eastern Cooperative Oncology Group (ECOG) score at the beginning
of induction therapy were also obtained (17). To classify the risk
category of ALL following National Comprehensive Cancer Network
(NCCN) guidelines (3), white blood cell (WBC) count (x10°/L), bone
marrow blast (%), immunophenotype, cytogenetic and molecular
subtypes, and extramedullary or other organ involvement were
gathered. As previous chemotherapy could affect patients’ sensitivity
to chemotherapy, comorbidities were collected and divided into
oncological and non-oncological diseases. The medication
information obtained for each subject included the dose and dosing
schedule of VPDL induction therapy, as well as the types and doses of
TPN formulations and any concomitant drug therapies. To analyze the
clinical effects of VPDL induction therapy, the laboratory data were
collected from the first day of admission to the day of discharge after
completion of VPDL induction therapy. The following data were
included: absolute neutrophil count (ANC) (x10°/L), platelet count
(x10°/L), and blast (%) of peripheral blood on the day of bone marrow
exam and during follow-up visit after discharge, liver function tests
(LFTs) including total bilirubin, aspartate aminotransferase (AST),
alanine aminotransferase (ALT), alkaline phosphatase (ALP), and
gamma-glutamyl transferase (GGT).

2.3. Outcomes

The effectiveness of concomitant use of Asp-TPN and ASNase was
primarily compared by determining the overall and complete response
rates (ORR and CRR, respectively) between the Asp-TPN and the
control groups on the day that the bone marrow examination was
conducted. The ORR of VPDL induction therapy was defined as a
combination of complete response (CR) and CR with incomplete count
recovery (CRi) in accordance with NCCN guidelines. Other measures
of effectiveness included RFS, which followed the definition made by
the Berlin-Frankfurt-Miinster (BFM) and Children’s Oncology Group
(COG) groups (18). Very early and early relapse rate were evaluated by
the RFS rate (%) at 6 months and 1 year of treatment, respectively.

For safety evaluation of both TPN and ASNase, we specifically
compared the levels of LFTs between two groups at baseline and after
VPDL induction. The peak levels of LFTs were categorized according
to the Common Terminology Criteria for Adverse Events (CTCAE
version 4.03, Bethesda, MD). Along with absolute peak levels of LFT
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values, the percentage of patients with grade 2 or more adverse events
associated with the LFTs increase was compared between the groups.

2.4. Statistical analysis

Based on the results of the Shapiro-Wilk test, continuous variables
were compared using a t-test or Mann-Whitney U test and presented as
either mean (standard deviation [SD]) or median (range). Categorical
data were compared by Pearson’s chi-squared or Fisher’s exact test and
described as frequency. Survival analysis was performed using the
Kaplan-Meier method and compared using log-rank analysis. To
minimize the potential selection bias, a 1:1 propensity score matching
analysis was conducted using the nearest-neighbor method with a caliper
of 0.20. The propensity score was estimated by using the following
predictors: (1) age, (2) sex, (3) BSA, (4) BMI, (5) risk category for ALL, (6)
the total dose of ASNase, (7) total administered days of ASNase, (8)
performance status on admission, (9) central nervous system (CNS)
involvement at diagnosis, (10) nutrition risk, (11) albumin on the first day
of chemotherapy, (12) dose modification of VPDL induction, and (13)
previous history of the disease. All analyses were performed using the
R-software (R for Windows 4.2.1; The R Foundation for Statistical
Computing, Vienna, Austria) with a significance level of 0.05. Matchlt
package for the R-software was used for propensity score-based matching.

3. Results
3.1. Patient characteristics

A total of 112 newly diagnosed ALL patients who received VPDL
induction therapy between 2004 and 2021 were included in the study
(Figure 2). Among 112 included patients, 33 patients (29.5%) were
concomitantly treated with Asp-TPN at least once during ASNase
therapy. The median duration of co-administration of Asp-TPN and
ASNase was 4days (range 1-10days), and the median dose of Asp
administered by TPN was 1.50 (0.5-3.20) g/day. Before group
matching, the weight of the Asp-TPN user group was lower than the
control group (65.3kg versus 68.0kg; p=0.08). To minimize the effect
of baseline nutrition status on the outcomes, propensity score
matching was conducted, and 30 patients from the Asp-TPN group
were matched to 30 patients in the control group. The similar weights
of both groups (Asp-TPN group versus Control group: 61.0kg versus
62.0kg; p=0.86) showed the balance between the groups (Figure 3).

Overall, baseline characteristics, including nutrition risk, BMI,
LFTs and albumin of matched cohorts were similar between groups
(Table 1). Factors that could affect ALL treatment outcomes, including
disease risk, ASNase dose, CNS involvement, and prophylactic use of
intrathecal methotrexate were comparable between groups. A similar
proportion of high-risk ALL patients were included in each group
(63.3% in the Asp-TPN group and 53.3% in the control group;
p=0.62). The number of gene mutation BCR-ABL positive patients
taking tyrosine kinase inhibitors (TKIs), which are known to
be critical factors for treatment outcomes of ALL, was similar between
groups (nine people in the Asp-TPN group versus seven people in the
control group; p=0.78). At the time of admission, there were slightly
more patients with ECOG scores of 3 or more in the Asp-TPN group,
but the difference was not statistically significant (11 versus 9;
p=0.80). When it came to comorbidities, two patients in the Asp-TPN
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TABLE 1 Baseline characteristics of the propensity score-matched

Standardized Mean Difference

FIGURE 3

Covariate balance after propensity score matching. ALL, acute
lymphoblastic leukemia; ASNase, L-asparaginase; CNS, Central
nervous system.

group and one patient in the control group had received treatment for
solid cancers (p=0.49). Additionally, no differences were noted in the
total doses of ASNase, vincristine, daunorubicin, and prednisolone
between the Asp-TPN and control groups.

3.2. Outcomes
3.2.1. Effectiveness

Two patients in the Asp-TPN group and one subject in the
control group died due to sepsis before the response to induction
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patients.
2004.01.01~2021.12.31
Patients administered to L-asparaginase Control p-
(n=975) group value
Not adults (n = 489) (n=30)
Age (years)* 41 (26-50 42 (26-55 0.98
Adult patients administered to ge (years) ¢ ) ( )
L-asparaginse (n = 486) Sex (male) 13 (43.3%) 13 (43.3%) 1.00
Not leukemia (n = 264) BMI (kg/m?)* 22.2(16.6-32.6) | 22.6(16.9-30.5) 0.53
‘ Adult ALL patients administered to BSA (m?)* 1.68 (1.44-2.22) 1.69 (1.42-1.96) 0.96
L-asparaginase (n = 222) Albumin (g/dLy* 3.9 (2.9-4.4) 3.8 (2.9-4.9) 0.79
Not VF(:?L‘ ;'gi)uction Disease history 0.46
Oncologic disease 3 (10.0%) 1(3.3%)
| Adult ALL patients administered | ; N N
to VPDL induction (n = 152) Other than malignancy 7 (23.3%) 10 (33.3%)
- — Performance status (ECOG score) 0.41
L-asparaginase administered
less than 50% of the full dose 2 10 (33.3%) 15 (50.0%)
(n = 40)
Included >3 11 (36.7%) 9 (30.0%)
(n=112) .
CNS involvement 1(3.3%) 0 (0%) 1.00
Propensity score matched Administered day of ASNase® 10 (6-10) 10 (7-10) 0.47
Asp-TPN Control
e30) | (me30) Disease risk of ALL 0.62
Standard 14 (46.7%) 11 (36.7%)
FIGURE 2
Flowchart of the study population. ALL, acute lymphoblastic High / Very high 16 (53.3%) 19 (63.3%)
leukemia; VPDL induction, Vincristine/Prednisolone/ Total ASNase dose 6.0 (3.6-6.6) 6.0 (4.2-6.0) 047
Daunorubicin/L-asparaginase induction regimen; Asp-TPN, aspartic .
acid-containing total parenteral nutrition. (x10001U/m?)
Nutritional risk (severe) 10 (33.3%) 11 (36.7%) 0.76
Dose modification 14 (46.7%) 17 (56.7%) 0.61
Liver function tests®
Distance R R Total bilirubin (mg/dL) 0.75 (0.3-16.7) 0.7 (0.5-2.1) 0.46
Age o o AST (IU/L) 24.5 (9-340) 27.5 (10-103) 0.92
S
= ot ALT (IU/L) 21 (6-138) 27 (10-257) 0.09
Disease risk of ALL o
Body surface area o > ALP (IU/L) 83.5 (48-888) 71 (16-246) 0.15
Serum albumin ¢ © “Median (min-max).
Total dose of ASNase oe ALL, acute lymphoblastic leukemia. ASNase, L-asparaginase; Asp-TPN, aspartic acid-
Performance status ° containing total parenteral nutrition; ALP, alkaline phosphatase. ALT, alanine
Nutrition risk o-e aminotransferase; AST, aspartate aminotransferase. BMI, body mass index. BSA, body
Comorbidity . o surface area. CNS, central nervous system. ECOG, the Eastern Cooperative Oncology
Dose modification of chemotherapy oo Group.
Body mass index . o
CNS involvement at diagnosis o L] o All
Days of administration of ASNase e 0 ® Matched therapy could be analyzed and were therefore, excluded when
1' . ;5 00 0'5 1'0 evaluating the response. Both the ORR and the CRR showed no

difference between the two groups (ORR, 67.9% versus 79.3%;
Odds ratio [OR] 0.53; 95% confidence interval [CI] 0.17-1.62;
p=0.65and CRR, 34.5% versus 35.7%; OR 0.86; 95% CI 0.29-2.59;
p=1.00), corresponding to Asp-TPN group versus Control group
(Table 2).

We evaluated the impact of Asp-TPN on the relapse of ALL based
on 6-month and 1-year RFS. No difference was found in the 6 month
REFS between the two groups (OR, 1.00; 95% CI 0.36-2.78) as shown
in Figure 4. lyear after the start of the induction therapy, the
concomitant use of ASNase and Asp-TPN led to an increase in the risk
of early relapse (OR 1.24; 95% CI 0.50-3.12), and yet the OR did not
reach statistical significance (p=0.85, Figure 4).

3.2.2. Safety

As shown in Table 3, no statistically significant differences in
absolute peak levels of total bilirubin, aminotransferases, ALP, and
GGT between groups while receiving the treatments were found. The
median peak levels of total bilirubin, ALT, and GGT were above the
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upper limits of the normal range. The frequency of grade >3 LFT
elevation was comparable in general. As Table 4 shows, the most
common grade >3 adverse event was blood bilirubin increased (30%
versus 26.7% in the Asp-TPN versus the control group). The levels of
LFTs increased within 10days (9 [3-18] versus 7 [1-21], Asp-TPN
versus control) after VPDL induction therapy had started. The peak
levels of GGT were only available from 19 and 23 patients from the
Asp-TPN and control groups, respectively, because GGT levels were
only measured when patients showed increased levels in
aminotransferases. It explains why the minimum peak levels were
above the lower limits of the normal ranges in both groups.

4. Discussion

In this retrospective cohort study, the clinical effects of
concomitant administration of Asp-TPN formulation and ASNase

TABLE 2 Response rates according to the concomitant use of total
parenteral nutrition containing L-aspartic acid.

Asp-TPN

Control

group
(n=30)

group OR [95% CI]

(n=30)

Overall response, n (%)

p-value

19 (67.9%) ‘ 23 (79.3%) ‘ 0.53 [0.17-1.62] ‘ 0.65
Complete response, 1 (%)
9 (34.5%) 10 (35.7%) 0.86 [0.29-2.59] ‘ 1.00

Asp-TPN, aspartic acid-containing total parenteral nutrition; CI, confidence interval; OR,

10.3389/fnut.2023.1122010

were evaluated for the first time. Overall, concurrent infusion of
Asp-TPN with ASNase did not affect the response of the induction
therapy or the very early relapse rate in patients with ALL.

It was imperative to investigate this topic for three primary
reasons. To begin with, despite previous in vitro studies suggesting
the interaction between ASNase and Asp, no study has evaluated
whether Asp-TPN would clinically impact the effectiveness of
ASNase or not in ALL patients. Furthermore, the new evidence was
necessary to decide on the optimized TPN formulation that had
minimal interactions with the chemotherapy in ALL patients. Since
Asp plays a role in hormone production and release, and helps the
nervous system function normally, it is contained in many
commercial TPN formulations used for cancer patients. However,
no evidence is available on the effectiveness of concomitant
administration of Asp-TPN formulations for patients treated with
ASNase. In this study, 82.5% of TPN users received Asp-containing
formulations. All TPN formulations for patients were ordered by
physicians without any preference, which minimize potential bias
in the selection of TPN. By conducting this research, we aimed to
provide evidence-based recommendations in selecting the
appropriate TPN for patients undergoing induction therapy. To
determine the optimal TPN formulation for patients receiving
ASNase in clinical practice, further studies with larger sample sizes,
longer follow-up periods, and well-defined prospective protocols
are needed to validate the findings of this study. Moreover,
evaluating any factors that would alter the effectiveness of the
chemotherapy would help improve the survival rates of patients
with ALL.

Our study showed that the concomitant use of ASNase and

odds ratio. potential enzymatic inhibitor Asp-TPN formulation did not have
Strata = Control == Asp-TPN
1.00
0.75
[
S
g
=
g
s
5 050
" 1
o v
2 1 '
© 1 [
=1 1 [
2 ' '
1 I
3 . [
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p=085 ! g
1 i
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. :
1 1
0.00 ! '
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Time to relapse (days)
Number at risk
@ Control 28 8 2
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D Asp-TPN 24 3 2
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Time to relapse (days)
FIGURE 4
Relapse-free survival according to the concomitant use of total parenteral nutrition containing L-aspartic acid. Asp-TPN, aspartic acid-containing total
parenteral nutrition.
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TABLE 3 Peak level of liver function test (LFT) results.

Control
group
(GEX{0)]
Tbil (mg/dL)* 2.5(1.9-3.7) 2.2 (1.7-4.0) 0.46
AST (IU/L)* 415 (23-160) 47.0 (28-107) 0.85
ALT (IU/L)* 91.5 (48-158) 87.5 (53-204) 0.88
ALP (IU/L)* 123.5 (73-198) 113 (90-298) 0.46
GGT (IU/L)* 196 (65-291) 133 (70-299) 1.00

Median (min-max).

*Only 19 of Asp-TPN group and 23 of control group had GGT results.

ALP, alkaline phosphatase; ALT, alanine transaminase; AST, aspartate transaminase; GGT,
gamma-glutamyl transferase; T.bil, total bilirubin; Asp-TPN, aspartic acid-containing total
parenteral nutrition.

TABLE 4 The frequency of Grade 2 or more adverse events associated
with LFT increases.

Asp-TPN

group SRl p-value
(n =30) group (n=30)

T.bil increased

Grade>2 21 (70.0%) 25 (83.3%) 0.36
Grade>3 9 (30.0%) 8(26.7%) 1.00
AST increased

Grade>2 6 (20.0%) 8(26.7%) 0.76
Grade>3 4(13.3%) 6 (20.0%) 0.73
ALT increased

Grade>2 12 (40.0%) 10 (33.3%) 0.79
Grade>3 8(26.7%) 7 (23.3%) 1.00
ALP increased

Grade>2 8 (26.7%) 4(13.3%) 0.33
Grade>3 2 (6.7%) 0 (0%) 0.49

Asp-TPN
grlfoup Seniie) p-value
(n=19°) group (n=23?)

GGT increased

Grade>2 9 (47.4%) 13 (56.5%) 0.78
Grade>3 4(21.1%) 5(21.7%) 1.00

“Only 19 of Asp-TPN group and 23 of control group had GGT results.

ALP, alkaline phosphatase; ALT, alanine transaminase; AST, aspartate transaminase; GGT,
gamma-glutamyl transferase; T.bil, total bilirubin; Asp-TPN, aspartic acid-containing total
parenteral nutrition.

an impact on the response and relapse rates of ASNase-including
induction therapy, which is inconsistent with previous in vitro
studies. Asp has been reported to competitively inhibit ASNase in
the 6-50 uM range with an inhibition constant (K;) of 80 uM (9, 19).
The median plasma concentration of Asp in healthy adults was
reported as 6 pM (20). Although limited studies on the changes in
amino acid concentration after parenteral nutrition are available, a
previous study (21) showed that Asp concentration rapidly
increased to about 20 pM after TPN administration, a finding that
shows the possibility of the interaction between TPN and ASNase.
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However, the level of enzyme inhibition may vary depending on
several factors, such as metal ions, pH, and concentration of the
substrates in the mixture, and these factors may be the reason the
results of this study were different from those of in vitro studies.
Additionally, for predicting inhibitory drug-drug interactions, it is
necessary to consider the ratio of the concentration of the inhibitor
to its inhibitory constant and the ratio of area under the curve
(AUC) comprehensively (22). Although not presented in the
current study, we also analyzed a dose-dependent relationship
between the amount of Asp in the TPN and the response outcomes
with no association between these two parameters. According to the
results, the concomitant use of ASNase and Asp-TPN was associated
with an increased risk of early relapse. However, the observed
increase in risk was not statistically significant, with a p-value of
0.85. As very early relapse is critical for the prognosis of ALL,
further studies considering comprehensive factors with the large
number of populations are expected to clarify the relationship
between the concomitant use of ASNase and Asp-TPN and the risk
of early relapse of ALL.

In this study, we specifically evaluated LFT elevation, which is
the most common toxicity of both TPN and ASNase. (23, 24).
Although TPN causes a transient increase in aminotransferase
concentrations during the first 1 to 3weeks of TPN, patients
receiving long-term TPN may develop TPN-induced liver disease
as suggested in previous reports (22, 25). The median duration of
TPN administration in our study was less than a week. Thus, this
such short-term TPN use during 28-day VPDL induction therapy
is unlikely to aggravate ASNase-associated hepatotoxicity. By
comparing the frequency and severity of LFT elevation in both
groups, we aimed to determine if combination treatment had a
higher risk of liver toxicity. Monitoring other ASNase-induced
complications such as pancreatitis and disseminated intravascular
coagulation (DIC) is important in evaluating the safety of the
treatment. However, due to the retrospective nature of the study, it
was not possible to include these in the analysis, since triglycerides,
or markers for other rare complications were not routinely checked
unless patients showed signs or symptoms. A prospective study
design with routine monitoring and systemic recording of these
parameters would provide more comprehensive understanding of
the safety profile. Nevertheless, this study is valuable as it represents
an initial attempt for safety evaluation of Asp-TPN in ASNase-
treated ALL patients.

Several study limitations should be discussed. First, a limited
number of patients in each matched cohort was found as the study
was conducted in a single center. According to the latest national
cancer statistics in Korea, ALL is a rare disease as it comprises only
1.5% of the total number of new cancer cases. Another reason for
the limited number of patients is due to matching process, which
enabled the research to minimize the selection bias. Furthermore,
due to its retrospective nature, the study had a lack of information
on concentrations of amino acid and activity of ASNase in the
body that could support our findings. Moreover, gathering
information on the amount of dietary intake was limited, but all
patients received a low-bacteria diet provided by the hospital. Not
all patients in the control group received TPN. However, the
authors tried to control the potential bias by propensity score
matching including factors that could affect the nutrition status.
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Also, most of the reason to initiate TPN therapy was to prevent
mild, rather than severe, malnutrition caused by mucositis.
Additionally, as
pharmacokinetics and pharmacodynamics, extrapolating the

pediatric  patients have  distinctive
findings from adult patients to pediatric population should
be careful. ALL is the most common malignancy in pediatric
patients. Therefore, further studies specifically designed for
pediatric population is needed in the future.

This study is the first that evaluates the clinical outcomes of the
concomitant use of ASNase and Asp-TPN formulations. There were
no differences in response rates and relapse-free survival between
Asp-TPN and control groups. Peak levels of LFTs and the frequency
of LFTs increases were also similar. Based on the results of the current
study, Asp-TPN can be administered without concern in ALL patients

receiving ASNase as induction therapy.
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