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Abstract. Data from clinical trials suggest that polyethylene 
glycol‑conjugated asparaginase (PEG asparaginase) should be 
recommended as a replacement for Escherichia coli (E. coli) 
asparaginase in the treatment of pediatric acute lymphoblastic 
leukemia (ALL) due to its prolonged effect, similar safety 
profile and convenience. The present study investigated 
the efficacy and safety of PEG asparaginase in adolescents 
and adults with newly diagnosed ALL. The clinical data of 
122 patients, ≥14 years old with de novo ALL, who received 
either PEG asparaginase or E. coli asparaginase as part of an 
induction regimen, were retrospectively analyzed. The results 
revealed that PEG asparaginase had a comparable complete 
remission rate (95.65 vs. 90.79%), median overall survival time 
(14.07 vs. 16.29 months) and median relapse‑free survival time 
(10.00 vs. 8.57 months) with E. coli asparaginase. In addition, 
patients <35 years old receiving PEG asparaginase obtained a 
higher median RFS time compared with those receiving E. coli 

asparaginase (10.93 vs. 8.97 months; P=0.037). Patients treated 
with E. coli asparaginase exhibited a significantly higher inci-
dence of central nervous system leukemia (CNSL) compared 
with those treated with PEG asparaginase (27.63 vs. 10.87%; 
P=0.028) during the consolidation phase. Toxic events, 
including allergy, grade III‑IV liver dysfunction, renal func-
tion damage and pancreatic lesions were similar between the 
two groups. A longer duration of coagulation dysfunction 
(9.80±5.51 vs. 6.80±4.21 days; P=0.002) and agranulocytosis 
(18.89±8.79 vs. 12.03±8.34 days; P<0.01), and a higher inci-
dence of grade IV‑V infections (22.73 vs. 7.25%; P=0.018) were 
observed in the PEG asparaginase group. However, these did 
not increase bleeding events or infection‑associated mortali-
ties. When taking the convenience and superior efficacy in 
preventing CNSL into consideration, PEG asparaginase is a 
candidate for first‑line treatment of adolescent and adult ALL. 
A larger prospective clinical trial is required to further confirm 
this point of view.

Introduction

Asparaginase is one of the major anticancer drugs used in the 
treatment of acute lymphoblastic leukemia (ALL) (1,2). This 
drug hydrolyzes the amino acid asparagine to aspartic acid 
and ammonia to deplete asparagine in the blood, inducing 
the malignant lymphoid cells that depend on extracellular 
asparagine to enter into apoptosis (2). The overall survival 
(OS) rate is ~90% in pediatric patients with ALL and only 
30% in adult patients with ALL (3,4). One of the differences 
between pediatric and adult treatment regimens is the inten-
sive use of asparaginase in pediatric regimens. Intensified 
use of asparaginase increases event‑free survival (EFS) for 
children with ALL by 10‑15% (5‑7). Adolescent and adult 
patients receiving pediatric‑based regimens with greater use 
of asparaginase have also achieved better outcomes (8‑10). 
However, they are more prone to severe grade 3‑4 toxicities, 
including thrombosis, pancreatitis and chemical hepatitis, 
compared with pediatric patients intensively using asparagi-
nase (11). Therefore, the investigation of novel preparations of 
asparaginase is essential.
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Polyethylene glycol‑conjugated asparaginase (PEG 
asparaginase) is formed by the polyethylene glycosylation of 
the Escherichia coli (E. coli)‑derived enzyme, resulting in a 
longer circulating half‑life and lower immunogenicity, which 
decreases the incidence of allergic reactions and anti‑aspara-
ginase antibody formation (12,13). PEG asparaginase has been 
recommended as a replacement for E. coli asparaginase in the 
treatment of pediatric ALL due to its prolonged effect, similar 
safety profile and convenience (14). In addition, considering 
the decreased number of doses and clinic visits, the total 
patient costs of PEG asparaginase are comparable with those 
of native E.  coli asparaginase  (15). However, only a few 
clinical studies have compared the efficacy and safety of PEG 
asparaginase with native E. coli asparaginase in adolescent 
and adult patients with ALL. The present study retrospectively 
compared the relative efficacy and safety of PEG asparaginase 
and E. coli asparaginase in adolescent and adult patients newly 
diagnosed with ALL.

Materials and methods

Patients. A total of 122 patients who were ≥14 years old with 
de novo ALL and had received treatment at the Department of 
Hematology, Nanfang Hospital (Guangzhou, China) between 
January 2008 and July 2015 were included in this retrospec-
tive study, including 46 patients in the PEG asparaginase 
group and 76 in the E. coli asparaginase group. There were 
76 males and 46 females, the median age of these patients 
was 27.4 years (ranged from 14 to 62 years). ALL and central 
nervous system leukemia (CNSL) cases were diagnosed 
based on the National Comprehensive Cancer Network 
(NCCN) Clinical Practice Guidelines in Oncology: Acute 
Lymphoblastic Leukemia (version 1, 2015)  (16). Patients 
with liver dysfunction, renal function damage or other organ 
dysfunctions prior to induction therapy were excluded. 
Clinical data, including the patients' characteristics, response 
to chemotherapy and adverse effects experienced in asso-
ciation with asparaginase preparations, were retrospectively 
analyzed. Ethical approval was obtained from the Ethics 
Committee of Nanfang Hospital. Written informed consent 
was obtained from all patients or their family members prior 
to enrollment in the present study.

Treatment. Patients with newly diagnosed ALL in Nanfang 
Hospital were administered a standard four‑drug induc-
tion regimen containing vincristine at 1.4  mg/m2/day, 
with a maximum of 2  mg/day, or vindesine at 4  mg/day 
on days 1, 8, 15 and 22; daunorubicin at 40 mg/m2/day or 
idarubicin at 8 mg/m2/day on days 1, 8, 15 and 22; E. coli 
asparaginase at 6,000 IU/m2 once every 2 days from day 17 
to 28 or PEG asparaginase at 2,500  IU/m2 on day 22; 
and prednisone 1 mg/kg/day on days 1‑28. Either E. coli 
asparaginase or PEG asparaginase were used based on 
the patients' approval. Philadelphia chromosome‑positive 
patients with ALL received tyrosine kinase inhibitors as 
long as the Philadelphia chromosome was observed. Patients 
who went into CR received consolidation chemotherapy for 
2‑4 commutative courses of the Hyper CVAD‑A/B regimen: 
Odd courses (1, 3, 5 and 7) of hyper‑fractionated cyclophos-
phamide (Cytoxan), doxorubicin (Adriamycin), vincristine 

(Oncovin) and dexamethasone were given alternately with 
even courses  (2, 4, 6 and 8) of high‑dose cytarabine and 
methotrexate. Lumbar puncture and CNSL prophylaxis 
was provided during every consolidation therapy. A total of 
51 patients with human‑leukocyte‑antigen‑matched donors 
underwent an allogeneic bone marrow transplant (allo‑BMT) 
and 4 patients underwent an autologous bone marrow trans-
plant in CR1. A total of 7 relapsed patients and 2 patients 
with no response following continuous chemotherapy under-
went an allo‑BMT.

Response criteria. The patients' responses to chemotherapy 
were assessed on day 14±2 and at the end of induction 
chemotherapy. The treatment efficacy was also evaluated 
according to the 2015 NCCN Guidelines (16). Remission also 
required normal marrow cellularity and elements. Follow‑up 
was performed for the patients in the clinic or by telephone, 
and the median follow‑up occurred at 15.4 months. Overall 
survival was determined from ALL diagnosis to mortality or 
the final follow‑up. Relapse‑free survival (RFS) was deter-
mined from the first CR to relapse, mortality or the final 
follow‑up.

Adverse events. All of the adverse events were graded according 
to the National Cancer Institute Common Terminology 
Criteria for Adverse Events, version 4.03 (17). Coagulation 
disorder was defined as an activated partial thromboplastin 
time prolonged by >10  sec over its upper limit of normal 
(ULN, 31‑43 sec), a thromboplastin time prolonged by >3 sec 
over its ULN (11‑13 sec) or a fibrinogen level <1.5 g/l (2‑4 g/l).

Statistical analysis. All of the evaluations were performed 
using SPSS version 18.0 software (SPSS Inc., Chicago, IL, 
USA). The descriptive statistical values included mean ± stan-
dard deviation, median and range. Comparisons of the various 
groups were performed using Student's t‑test, Wilcoxon's 
rank sum test, χ2 test or Fisher's exact test. Comparisons 
of baseline clinical variables across groups were made 
using the χ2  test or Fisher's exact test for categorical data 
and constituent ratio; Wilcoxon's rank sum test was applied 
for ranked data. Mean comparisons between two groups 
were performed using Spearman's rank. OS curves were 
estimated using the Kaplan‑Meier method. Comparisons of 
different survival curves were performed using log‑rank test. 
Two‑sided P<0.05 was considered to indicate a statistically 
significant difference.

Results

Patient characteristics. Of the 122 patients enrolled in the 
study, 46 were treated with PEG asparaginase and 76 were 
treated with E. coli asparaginase. Table I displays the pretreat-
ment characteristics of the study group. The two groups were 
well balanced in terms of their pretreatment characteristics, 
including age, initial white blood cell count, bone marrow 
blast, extramedullary invasion, immunophenotype, molecular 
biology aberration and chromosome characteristics (Table I). 
Furthermore, 25 of the 46 patients in the PEG asparaginase 
group and 39 of the 76 patients in the E. coli asparaginase 
group underwent hematopoietic stem cell transplantation.
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Response to induction therapy. Overall, 113 (92.62%) patients 
achieved CR following the induction of chemotherapy. 
As presented in Table II, 44 of the 46 patients in the PEG 
asparaginase group (95.65%) and 69 of the 76 patients in the 
E. coli asparaginase group (90.79%) achieved CR. Table II 
also presents the median times taken to achieve CR; 30 days 
for the PEG asparaginase group and 29.5 days for the E. coli 
asparaginase group.

PEG asparaginase is superior to E.  coli asparaginase at 
preventing CNSL. During the consolidation phase, CNSL 
occurred in 5 of the 46 patients (10.87%) in the PEG aspara-
ginase group and 21 of the 76 patients (27.63%) in the E. coli 
asparaginase group. The incidence of CNSL in the E. coli 
asparaginase group was significantly higher compared with 
that in the PEG asparaginase group (P=0.028; Table  II), 
suggesting that PEG asparaginase had a potential role in 
preventing CNSL.

OS and RFS. As 1 patient in the PEG asparaginase group 
succumbed to mortality due to severe pulmonary infection 
after achieving CR, there were 45  patients to follow‑up. 
As presented in Fig. 1A and B, at a median follow‑up of 
15.4 months, the median RFS time was 10.00 months (range, 
0.5‑50.70  months) for the PEG asparaginase group and 
8.57 months (range, 0‑76.83 months) for the E. coli aspara-
ginase group (P=0.220; Fig. 1A). In addition, the median OS 
time for the PEG asparaginase group was 14.07 months (range, 
2.27‑52.47 months) and that for the E. coli asparaginase group 
was 16.29 (range, 1.80‑79.90) months (P=0.972; Fig. 1B). 
The present study observed no significant difference in RFS 
and OS times between the two groups. However, patients 
<35 years old in the PEG asparaginase group obtained a longer 
median RFS time of 10.93 months (range, 0.5‑50.70 months) 
compared with those in the E. coli asparaginase group, who 
had a time of 8.97 months (range, 0‑76.83 months) (P=0.037; 
Fig. 2A); the median OS time was not significantly different 

Table I. Baseline patient characteristics.

	 PEG asparaginase	 E. coli asparaginase
Characteristic 	 (n=46)	  (n=76)	 P‑value

Total patients, n	 46	 76
Median age (range), years	 26 (14‑62)	 23 (14‑56)	 0.262
Sex, n (%)
  Male	 30 (65.22)	 46 (60.53)	 0.604
  Female	 16 (34.78)	 30 (39.47)
Median WBC (range), x109/l	 22.61 (1.24‑395.65)	 13.37 (0.54‑435)	 0.146
Hemoglobin, g/l	 84.92±28.18	 90.14±33.54	 0.379
Platelet (range), x109/l 	 40 (6‑173)	 38.5 (4‑289)	 0.996
Bone marrow lymphoblast % (range)	 87.45 (26‑100)	 90 (24.5‑99.5)	 0.574
Extramedullary invasion, n (%)	 22 (47.83)	 45 (59.21)	 0.221
Immunophenotype, n (%)			   0.745
  B‑ALL 	 37 (80.43)	 64 (84.21)
  T‑ALL 	 7 (15.22)	 8 (10.53)
  Unknown 	 2 (4.35)	 4 (5.26)
Molecular biology aberration, n (%)
  BCR/ABL	 7 (15.22)	 19 (25.00)	 0.201
  P16 depletion	 10 (21.74)	 12 (15.79)	 0.407
  MLL rearrangement	 3 (6.52)	 1 (1.32)	 0.150
  IGH rearrangement	 3 (6.52)	 3 (3.95)	 0.671
Chromosome, n (%)			   0.705
  Ph 	 6 (13.04)	 16 (21.05)
  Complex karyotype	 3 (6.52)	 4 (5.26)
  Hyperdiploidy	 1 (2.17)	 4 (5.26)
  Hypodiploidy	 1 (2.17)	 1 (1.32)
  Normal	 30 (65.22)	 40 (52.63)
  No mitotic phase	 5 (10.87)	 11 (14.47)
Transplantation, n (%)	 25 (53.35)	 39 (51.32)	 0.745 

Extramedullary invasion included hepatomegaly, splenomegaly, lymphadenectasis or any other tissue leukemia invasion. WBC, white blood 
cell; PEG asparaginase, polyethylene glycol‑conjugated asparaginase; ALL, acute lymphoblastic leukemia; B‑ALL, B‑cell ALL; T‑ALL, T‑cell 
ALL; BCR, BCR, RhoGEF and GTPase activating protein; ABL, V‑Abl Abelson Murine Leukemia Viral Oncogene; MLL, mixed lineage 
luekemia; IGH, immunoglobulin heavy chain; E. coli, Escherichia coli; Ph, Philadelphia chromosome.
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at 14.07  months (range, 2.27‑52.47  months) for the PEG 
asparaginase group and 17.63 months (1.80‑79.90 months) 
for the E. coli asparaginase group (P=0.671; Fig. 2B). For 
patients ≥35 years old, the PEG asparaginase and E. coli 
asparaginase groups had a similar median RFS time of 
6.32  months (range, 1.37‑40.10  months) and 6.73  months 
(range, 0.7‑49.20  months), respectively (P=0.597), and a 
similar OS time of 14.17 months (range, 2.27‑41.53 months) 
and 12.77 months (range, 2.33‑50.37 months), respectively 
(P=0.693), (Fig. 3A and B).

Toxicity. Table III presents the toxic events observed during 
the asparaginase‑containing phases of chemotherapy. Overall, 
the toxicities of asparaginase were tolerable in the two groups. 
The incidences of allergy, grade III‑IV liver dysfunction, renal 
function damage and pancreatic lesions were similar between 
the two groups. Patients in the PEG asparaginase group 
demonstrated a longer duration of coagulation dysfunction 
(9.80±5.51 vs. 6.80±4.21 days; P=0.002) compared with those 
in the E. coli asparaginase group. However, the present study 
observed no significant difference in bleeding events between 
the two groups (8.70 vs. 3.95%; P=0.424). The grade of myelo-
suppression between the two groups was similar for patients 
who achieved CR; however, the duration of agranulocytosis 
was significantly longer for the patients treated with PEG 
asparaginase compared with those in the E. coli asparaginase 

group (18.89±8.79 vs. 12.03±8.34 days; P<0.001). Consistent 
with the difference in agranulocytosis duration, the patients 
who received PEG asparaginase revealed a higher incidence 
of grade IV‑V infection compared with those who received 
E. coli asparaginase (22.73 vs. 7.25%; P=0.018). However, 
this did not increase the incidence of infection‑associated 
mortality.

Discussion

Asparaginase is an essential and routinely used component in 
the frontline clinical treatment for ALL (1). However, admini
stration of asparaginase can be limited by the occurrence of 
anaphylaxis and formation of antibodies to asparaginase. 
Studies have indicated that patients with high‑titer aspara-
ginase antibodies demonstrate an increased rate of clearance 
and degrade the activity of the agent, resulting in poorer 
EFS (18,19). Patients who exhibit these reactions are switched 
to another asparaginase product to ensure they are exposed 
to a high enough dosage of asparaginase in accordance with 
the treatment plan to obtain the optimal EFS. Due to its 
polyethylene glycol covalent conjugation, PEG asparaginase 
has decreased levels of renal excretion, a prolonged half‑life, 
improved bioavailability, decreased immunogenicity and a 
reduced frequency of administration, making it an alterna-
tive to L‑asparaginase  (12,20,21). Previous clinical trials 

Table II. Response to induction therapy.

	 PEG asparaginase	 E. coli asparaginase
Response	 (n=46)	 (n=76)	 P‑value

CR, n (%)	 44 (95.65)	    69 (90.79)	 0.481
Time to achieve CR (range), days	 30 (12‑94)	 29.50 (13‑203)	 0.814
CNSL in consolidation phase, n (%)	   5 (10.87)	    21 (27.63)	 0.028

CR, complete remission; CNSL, central nervous system leukemia; PEG asparaginase, polyethylene glycol‑conjugated asparaginase; E. coli, 
Escherichia coli.

Figure 1. Kaplan‑Meier estimates of RFS and OS for all patients. (A) RFS for all patients. (B) OS for all patients. RFS, relapse‑free survival; OS, overall 
survival; PEG asparaginase, polyethylene glycol‑conjugated asparaginase.
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have revealed a more rapid lymphoblast clearance, a lower 
titer of antibody and prolonged enzyme activity in pediatric 
patients with ALL undergoing induction therapy with PEG 
asparaginase compared with E. coli asparaginase (22,23).

The present study compared the efficacy and safety of 
PEG asparaginase with E. coli asparaginase in adolescent 
and adult patients with ALL. The results demonstrated that 
the PEG asparaginase and E. coli asparaginase groups had 
satisfactory CR rates (95.65 vs. 90.79%) following induction 
therapy. The median times taken to achieve CR were similar 
at 30  days in the PEG asparaginase group and 29.5  days 
in the E. coli asparaginase group. When taking long‑term 
efficacy into consideration, the present study followed up 
on these patients and identified no significant difference in 
median RFS time (10.00 vs. 8.57 months) or median OS time 
(14.07 vs. 16.29 months) between the two groups. As age is 
an independent prognostic factor for patients with ALL, the 
present study considered various age subgroups in analyses and 
revealed that patients <35 years old in the PEG asparaginase 
group experienced a longer median RFS time compared with 
those in the E. coli asparaginase group (10.93 vs. 8.97 months; 

P=0.037), whereas no statistical significance was observed in 
median RFS or OS times among patients ≥35 years old in the 
two groups.

Furthermore, patients treated with E. coli asparaginase 
demonstrated a significantly higher incidence of CNSL 
compared with those treated with PEG asparaginase 
(27.63 vs. 10.87%; P=0.028) during the consolidation phase. 
This suggested that PEG asparaginase served a potential role 
in preventing CNSL compared with E.  coli asparaginase. 
Patients with higher cerebrospinal fluid (CSF) asparagine 
levels (>1 µmol/l) during asparaginase treatment were more 
likely to experience isolated CNS relapse (24). PEG aspara-
ginase and E. coli asparaginase may induce a decrease in the 
asparagine level in the CSF (14,24). Asparaginase cannot cross 
the blood‑brain barrier or be detected in the CSF. However, it 
may deplete the asparagine in the CSF if there is an adequate 
expression level in the plasma (22,25). Furthermore, the expres-
sion level of asparagine in the CSF was inversely associated 
with the titer of the anti‑asparaginase antibody (22,24,26,27). 
Hence, the present study hypothesized that the lower incidence 
of CNSL in the PEG asparaginase group may have contributed 

Figure 3. Kaplan‑Meier estimates of RFS and OS in patients ≥35 years old years old. (A) RFS in patients ≥35 years old. (B) OS in patients ≥35 years old. RFS, 
relapse‑free survival; OS, overall survival; PEG asparaginase, polyethylene glycol‑conjugated asparaginase.

Figure 2. Kaplan‑Meier estimates of RFS and OS in patients <35 years old. (A) RFS in patients <35 years old. (B) OS in patients <35 years old. RFS, 
relapse‑free survival; OS, overall survival; PEG asparaginase, polyethylene glycol‑conjugated asparaginase.
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to the improved activity of the asparaginase. Numerous factors, 
including pharmacological factors, asparaginase clearance and 
immunological factors, such as antibody formation, influence 
the activity of asparaginase. Firstly, the half‑life of PEG 
asparaginase (~1 week) is significantly longer compared with 
that of E. coli (~1.25 days). It is uncertain whether the efficacy 
of preventing CNSL is associated with the half‑life of aspara-
ginase. Moghrabi et al (7) previously compared the efficacy of 
Erwinia asparaginase (t1/2 ~0.65 days) and E. coli asparaginase 
(t1/2 ~1.24 days) and revealed that pediatric patients with ALL 
treated with E. coli asparaginase had fewer CNSL relapses (7). 
Secondly, patients treated with native E. coli asparaginase 

have been shown to demonstrate a higher titer of antibodies 
compared with those treated with PEG asparaginase (14,23). 
Antibodies tend to diminish the efficacy of asparaginase 
by neutralizing its activity (resulting in faster asparaginase 
clearance) and high expression levels of anti‑asparaginase 
antibodies are associated with shorter durations of aspara-
gine depletion. Therefore, PEG asparaginase may strengthen 
the anti‑leukemia effect in the CNS due to its advantages of 
extended effectiveness and lower immunogenicity.

Furthermore, a higher titer of anti‑asparaginase antibodies 
results in a more rapid clearance of the agent and glucocor-
ticoid. It has been reported that patients with ALL who test 

Table III. Adverse events during asparaginase‑containing treatment.

	 PEG asparaginase	 E. coli asparaginase
Event	 (n=46)	 (n=76)	 P‑value

Allergy, n (%)	 1 (2.17)	 0 (0.00)	 0.377
Grade III‑IV liver dysfunction, n (%)	 10 (21.74)	 9 (11.84)	 0.144
Renal function damage, n (%)	 0	 0	‑
Pancreatic lesion, n (%)	 3 (6.52)	 4 (5.26)	 1.000
Bleeding event, n (%)	 4 (8.70)	 3 (3.95)	 0.424
Maximal PT (range), sec	 16.00 (10.50‑49.00)	 15.00 (11.4‑24.00)	 0.214
Maximal APTT (range), sec	 50.05 (26.50‑100.70)	 45.85 (30.6‑90.20)	 0.250
Minimal Fbg (range), g	 1.01 (0.15‑2.36)	 1.00 (0.25‑1.90)	 0.403
Beginning of coagulation dysfunction	 3.50 (1‑14)	 4.00 (1‑14)	 0.462
(range), days
Duration of coagulation dysfunction,	 9.80±5.51	 6.80±4.21	 0.002
days
Grade of granulocytopenia, n (%)			   0.298
  I	 1 (2.27)	 1 (1.45)
  II	 0 (0)	 1 (1.45)
  III	 1 (2.27)	 5 (7.25)
  IV	 42 (95.46)	 62 (89.85)
Duration of agranulocytosis, days	 18.89±8.79	 12.03±8.34	 <0.001
Grade of erythrocytopenia (%)			   0.068
  0	 1 (2.27)	 0 (0)
  I	 0 (0)	 1 (1.45)
  II	 3 (6.82)	 9 (13.04)
  III	 35 (79.55)	 58 (84.06)
  IV	 5 (11.36)	 1 (1.45)
Grade of thrombopenia (%)			   0.138
  0	 2 (4.55)	 6 (8.69)
  I	 1 (2.27)	 2 (2.90)
  II	 2 (4.55)	 4 (5.80)
  III	 5 (11.36)	 13 (18.84)
  IV	 34 (77.27)	 44 (63.77)
Duration of platelet level <20 g/l 	 2 (0‑34)	 1 (0‑21)	 0.508
(range), days
Grade IV‑V infection, n (%)a	 10 (22.73)	 5 (7.25)	 0.018
Infection‑associated mortality, n (%)a	 1 (2.27)	 0 (0.00)	 0.389

aAdverse effects of myelosuppression and infection were evaluated only in patients who achieve CR following VDLP therapy (44 in the PEG 
asparaginase group and 69 in the E. coli asparaginase group). PT, thromboplastin time; APTT, partial thromboplastin time; Fbg, fibrinogen; CR, 
complete remission; VDLP, vincristine, daunorubicin, L‑asparagine and prednisone; E. coli, Escherichia coli.
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positive for anti‑asparaginase antibodies experience a more 
rapid clearance of dexamethasone and a lower area under the 
curve in the plasma (28). Furthermore, multivariate analysis 
has demonstrated that a rapid clearance of glucocorticoid and 
a positive anti‑asparaginase antibody status are independent 
risk factors in CNSL relapse (28). Due to its impact on hepatic 
synthesis, asparaginase may decrease the synthesis of CYP3A 
cytochrome P450, which is responsible for the metabolism 
of glucocorticoid (28). Based on these findings, patients who 
develop anti‑asparaginase antibodies are disadvantaged, as they 
have less exposure to the two agents critical to ALL treatment. 
Due to the small number of cases considered in the present 
study, the difference in CNSL incidence may be associated 
with a sample error rather than PEG asparaginase treatment. 
Therefore, a larger population must be examined to verify the 
potential role of PEG asparaginase in preventing CNSL.

The present study also evaluated the safety of the two 
asparaginase preparations. Toxic events, including allergy, 
grade III‑IV liver dysfunction, renal function damage and 
pancreatic lesions, were similar between the two groups. A 
prolonged duration of coagulation dysfunction (9.80±5.51 
vs. 6.80±4.21 days; P=0.002) was observed in the PEG aspara-
ginase group; however, it did not increase bleeding events 
(Table III). Patients treated with PEG asparaginase also had 
longer durations of agranulocytosis (18.89±8.79 vs. 12.03±8.34 
days; P<0.01) and a higher grade IV‑V infection rate (22.73 
vs. 7.25%; P=0.018) compared with those treated with E. coli 
asparaginase. Nevertheless, there was no statistical difference 
in infection‑associated mortalities between the two groups 
(Table III). The present study suggested that this finding may 
be attributed to the prolonged duration of agranulocytosis. The 
coagulation dysfunction was attributable to the longer half‑life 
and decreased immunogenicity of the PEG asparaginase 
group. This revealed a more evident effect on hepatic function, 
which changed the pharmacokinetics of other chemotherapeu-
tics and inhibited the synthesis of coagulation factors (29).

The toxicities of asparaginase can be divided into two main 
categories: Those associated with immunogenicity, including 
hypersensitivity reactions (urticaria, rash, serum sickness, 
bronchospasm and anaphylaxis) and those associated with the 
inhibition of protein synthesis, including liver dysfunction, 
pancreatitis and coagulation deficiency (14,30). Patients with 
ALL may tolerate complications resulting from an inhibition 
of protein synthesis under supportive treatment (11). However, 
severe hypersensitivity reactions, including life‑threatening 
anaphylaxis, require the urgent discontinuation of drug 
administration. Data from previous studies have demonstrated 
that the incidence of hypersensitivity reactions was 10% for 
PEG asparaginase patients and varied from 13‑30% for E. coli 
asparaginase patients (22). The hypersensitivity reactions were 
relative to the formation of anti‑asparaginase antibodies. In 
addition, ‘silent inactivation’ occurs when patients develop 
antibodies and experience no clinical reaction. Patients in 
these conditions may respond more poorly to the agent. The 
immunogenicity of asparaginase remains an issue compli-
cating its clinical use. Studies have implied that the use of 
native E. coli asparaginase in induction induces a high rate 
and intensification of hypersensitivity (30%) to PEG aspara-
ginase among pediatric patients with ALL (31). Thus, PEG 
asparaginase should be used up front in induction rather than 

in consolidation. Given the immunogenicity of asparaginase, it 
is strongly recommended that the anti‑asparaginase antibodies 
should be monitored. Detecting the status and expression level 
of patients' antibodies is more important for silent inactivation 
patients and serves a critical role in preventing the further use 
of inactive asparaginase preparations (18,19).

In conclusion, PEG asparaginase was revealed to have 
comparable CR rates, and OS and RFS times with those of 
E. coli asparaginase in adolescent and adult patients with ALL. 
More importantly, PEG asparaginase revealed the potential 
to improve RFS times among patients <35  years old and 
prevent CNSL development. Although it had more of an effect 
on coagulation dysfunction and agranulocytosis, it did not 
increase toxicity‑associated mortalities. When considering its 
convenience and improved enzyme activity, PEG asparaginase 
is a candidate for first‑line treatment of adolescent and adult 
ALL. As the present study was a retrospective observation, a 
larger prospective clinical trial is required to further confirm 
these findings.
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