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Abstract Patients with acute lymphoblastic leukemia

(ALL), who develop antiasparaginase antibodies without

clinical allergic reactions (‘‘silent inactivation’’) during

L-asparaginase (L-Asp) treatment, have poor outcomes.

Ammonia is produced by hydrolysis of asparagine by

L-Asp. We postulated that plasma ammonia level might

reflect the biological activity of L-Asp. Five children with

ALL treated according to the Tokyo Children’s Cancer

Study Group (TCCSG) protocol were enrolled. Plasma

ammonia levels were analyzed immediately and 1 h after

incubation at room temperature and ‘‘ex vivo ammonia

production’’ was defined as increase in ammonia concen-

tration. Ex vivo ammonia production well correlated with

L-Asp activity (r = 0.882, P \ 0.01, n = 23). It always

exceeded 170 lg/dL (170–345 lg/dL) in induction ther-

apy. We found 3 patients whose ammonia production was

negligible during later phases of therapy. Antiasparaginase

antibody was detected and L-Asp activity decreased in

these patients. Ex vivo ammonia production is a surrogate

marker of L-Asp biological activity.
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1 Introduction

L-Asparaginase (L-Asp) is a key drug in the treatment of

childhood acute lymphoblastic leukemia (ALL). Leukemic

blast cells are unable to synthesize sufficient amounts of

asparagine, and the resulting asparaginase-induced defi-

ciency impairs cellular function and eventually causes

cellular death of ALL cells [1].

Because L-Asp is produced by bacteria, antiasparaginase

antibodies are frequently induced, which not only causes

hypersensitivity reactions (IgE class) but also leads to the

inactivation of L-Asp (IgG glass). The frequency of clinical

hypersensitivity reactions to Escherichia coli (E. coli)

L-Asp is above 50% [2, 3]. The antiasparaginase antibodies

development varied from 30 to 70% of children after

E. coli L-Asp administration [4, 5], and the appearance of

antiasparaginase antibodies correlated with the occurrence

of allergic reactions [2, 6]. However, inactivation of L-Asp

by asparaginase-specific IgG antibody has not been well

understood [7].

Recently, Panosyan et al. [8] showed that patients that

produce neutralizing antiasparaginase antibodies but

who do not suffer from clinical allergic reactions during

native E. coli L-Asp treatment have a poorer outcome.

This phenomenon is called ‘‘silent inactivation’’. Although
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consecutive measurement of antiasparaginase antibody

levels and L-Asp activity in real time is necessary to detect

the occurrence of silent inactivation, it is not easy to per-

form in all patients.

Ammonia, which is produced by L-Asp biochemical

reactions, can be easily measured in a routine laboratory

setting. It is possible that the plasma level of ammonia is

closely related to the biological activity of L-Asp. Since

ammonia is immediately removed from the liver via its

incorporation into the urea cycle, the elevation of ammonia

in serum should reflect either the effects of L-Asp admin-

istration or hepatic dysfunction. Recently, there was a

report that showed that the ammonia concentration

increased when the serum of patients receiving L-Asp was

incubated ex vivo [9]. In our preliminary experiment, we

added L-Asp to the plasma samples of healthy adults and

measured the ammonia concentration before and 1 h after

incubation. The concentration of L-Asp used ranged from

0.01 to 5 U/mL. The ammonia concentration increased in a

dose-dependent manner. In addition, Asn was completely

depleted at all doses of L-Asp (Miyake et al., unpublished).

In this study, we investigated the ammonia increase in

children with ALL receiving L-Asp and compared it with

other parameters such as L-Asp activity and antiaspara-

ginase antibody production. We prospectively assessed the

clinical significance of ammonia increases in children with

ALL.

2 Patients and methods

2.1 Patients

Five children who had been newly diagnosed with ALL in

our institution between May and December of 2007 were

enrolled in this study. The patients were treated according

to protocol L04-16 of the Tokyo Children’s Cancer Study

Group (TCCSG). The median age at initial diagnosis was

4 years (range 2–7 years). The study was approved by the

institutional review board, and written informed consent

was obtained from the patients’ guardians. Three patients

were placed into the standard-risk group, and 2 patients

were placed into the intermediate-risk group based on

their age, leukocyte counts at diagnosis, immunopheno-

type, prednisolone response, and cytogenetics (Table 1).

Figure 1 shows an outline of the induction and reinduction

therapies given to the two groups. In induction therapy,

6,000 U/m2 native E. coli L-Asp was given as a 1-h intra-

venous infusion. In reinduction therapy, 10,000 U/m2

L-Asp was given by intramuscular injection. The chemo-

therapy regimens were basically identical to those descri-

bed in the TCCSG L99-15 [10]. The native E. coli L-Asp

preparation used in this study was Leunase� (Kyowa

Hakko Kogyo, Tokyo, Japan). It is known that the L-Asp

activity is comparable when L-Asp is administered either

by intravenous or by intramuscular [11]. Therefore, we

analyzed the data obtained by both administration routes

together.

2.2 Blood sampling points

First, we collected blood sample at various time points

after the administration of L-Asp to elucidate the relation

between L-Asp activity and ammonia production in vitro.

Next, we collected blood samples before and 24 h after

L-Asp to demonstrate the fluctuation of L-Asp activity and

ammonia production in each patient.

L-Asp activity was measured 24 h after L-Asp adminis-

tration. The antiasparaginase antibody level was assessed

before each phase of therapy.

2.3 Measurement of ammonia concentrations

Plasma ammonia concentrations were analyzed by a stan-

dard photometric assay, immediately after the blood col-

lection and, an hour later, were incubated at room

temperature (20�C). We defined ‘‘ex vivo ammonia pro-

duction’’ as the following:

Ex vivo ammonia production = ammonia concentration

at 1 h after incubation - ammonia concentration before

incubation.

2.4 Measurement of asparagine

The plasma was immediately deproteinized by adding an

equal volume of 10% sulfosalicylic acid (SSA) and was

Table 1 Patient characteristics

WBC white blood cell count
a Day 8 blast cells. The cut off

is 1,000/lL

No. Sex Age (years) WBC/lL of

diagnosis

Immunophenotype Prednisolone

responsea
Risk group

1 F 4 6,100 B-precursor Good SR

2 F 3 8,000 B-precursor Good SR

3 M 6 5,900 B-precursor Good SR

4 M 2 40,700 B-precursor Good IR

5 F 7 33,500 B-precursor Good IR
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then stored at -80�C until the measurements were per-

formed [12]. The asparagine levels were measured by

high-performance liquid chromatography (HPLC) using

pre-column derivatization with o-phthalaldehyde. The lower

detection limit of this method was 0.2 lmol/L.

2.5 Measurement of L-Asp activity

L-Asp activity was measured by the enzyme coupling

methods described by Tsurusawa et al. [13]. The detection

limit of this method was 0.002 U/mL.

2.6 Measurement of antiasparaginase IgG antibody

Antiasparaginase IgG antibody was measured by an

enzyme-linked immunoadsorbent assay (ELISA), accord-

ing to the method described by Tsukimoto et al. [7]. The

lower detection limit of this method was 4 U/mL.

2.7 Statistical analysis

The correlation between ex vivo ammonia production

and L-Asp activity was measured by Spearman’s rank

(A-1) Induction therapy in SR 

(A-2) Reinduction therapy in SR 

(B-1) Induction therapy in IR 

(B-2) Reinduction therapy in IR 

1 8           15          22          29          36          43

Prednisolone (60 mg/m2/day max 80mg)  PO

Vincristine (1.5 mg/m2 max 2.0mg) IV

Pirarubicin (20 mg/m2) IV

L-asparaginase (6,000 U/m2)  IV

Triple intrathecal therapy
1y         2y        3y

MTX     7.5mg   10mg    12.5mg
HDC      15mg    20mg     25mg
Ara-C    15mg    20mg     25mg

1 8           15          22          29          36          43

1 8          15

Prednisolone (40 mg/m2/day max 60mg) PO

Vincristine (1.5 mg/m2 max 2.0mg) IV

Pirarubicin (20 mg/m2) IV

L-asparaginase (10,000 U/m2) IM

1 8          15

1 8          15         22         29        36         43

Prednisolone (60 mg/m2/day max 80mg) PO

Vincristine (1.5 mg/m2 max 2.0mg) IV

Pirarubicin (20 mg/m2) IV

L-asparaginase (6,000 U/m2) IV

Triple intrathecal therapy
1y         2y        3y

MTX     7.5mg   10mg    12.5mg
HDC      15mg    20mg     25mg
Ara-C    15mg    20mg     25mg

Cyclophosphamide (1g/m2) IV

1 8          15         22         29        36         43

1 8          15         22

Dexamethasone (6 mg/m2/day max 8mg) PO

Vincristine (1.5 mg/m2 max 2.0mg) IV

Adriamycin (25 mg/m2) IV

L-asparaginase (10,000 U/m2) IM

1 8          15         22

Fig. 1 Outline of induction

therapy and reinduction therapy

in SR and IR groups
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correlation test. SPSS statistical analysis software (SPSS

11.5 J) was used to do this.

3 Results

3.1 Ex vivo ammonia production correlates with L-Asp

biological activity

We prospectively enrolled 5 children with ALL in our

study and tested 23 samples at various time points after

L-Asp administration. Ex vivo ammonia production corre-

lated well with L-Asp activity according to Spearman’s

rank correlation test (r = 0.882, P \ 0.01, n = 23)

(Fig. 2).

3.2 Longitudinal changes of ex vivo ammonia

production and L-Asp activity in individual patients

The ex vivo ammonia production in the 5 patients always

exceeded 170 lg/dL (median 230 lg/dL, range 170–345

lg/dL) after 24 h of native E. coli L-Asp administration in the

induction phase of treatment (Table 2). The ammonia pro-

duction level of 170 lg/dL correlates well the L-Asp activity

of 0.7 U/mL, which exceeds the reported effective dose of

0.4 U/mL (Fig. 2) [14].

Figure 3 shows representative changes in ex vivo

ammonia production, L-Asp activity, and Asn levels during

the reinduction phase of treatment (patient 1). The patient

did not have measurable antibody levels before the rein-

duction phase of treatment, and no allergic reactions were

observed. Ex vivo ammonia production correlated with

L-Asp activity and was inversely related to Asn concen-

tration after each administration of L-Asp. The parameter

changes in patient 4 were similar to those in patient 1 (data

not shown).

Figure 4 shows the changes in ex vivo ammonia pro-

duction, L-Asp activity, Asn level, and antiasparaginase

antibody level in patient 2. No ex vivo ammonia produc-

tion was observed after the first and third doses of L-Asp.

The antiasparaginase antibody levels increased during

L-Asp treatment. There were no hypersensitivity reactions

in this patient. Interestingly, ex vivo ammonia production

was reinstated after the second and fourth doses of L-Asp.

This suggests that the antiasparaginase antibodies had

become saturated with L-Asp. The clinical course in patient

3 was similar to that in patient 2. He also produced anti-

bodies but did not suffer from allergic reactions. Ex vivo

ammonia production was also reduced in this patient. We

hypothesized that ‘‘silent inactivation’’ had occurred in

patients 2 and 3. In patient 5, ex vivo ammonia production

was suboptimal after the third and fourth doses of L-Asp,
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Fig. 2 The correlation between ex vivo ammonia production and

L-Asp activity. Ex vivo ammonia production correlated with activity

according to Spearman’s rank correlation test (r = 0.882, P \ 0.01,

23 samples)

Table 2 The ex vivo ammonia production after 24 h of L-Asp treatment and antiasparaginase antibody during induction and reinduction therapy

No. Induction therapya Reinduction therapyb Antiasparaginase

antibodyc

1 2 3 1 2 3 4

Ex vivo ammonia production (lg/dL)

1 252 216 170 194 329 188 240 \1

2 211 345 252 21 144 32 179 188

3 197 320 230 14 121 70 216 130

4 212 172 262 260 197 160 229 \1

5 225 239 261 165 204 35 85 27

a The samples of ex vivo ammonia production in induction therapy were collected after every third dose of L-Asp
b The samples of ex vivo ammonia production in reinduction therapy were collected after each administration of L-Asp
c Antiasparaginase antibody was examined before the initiation of reinduction therapy
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while L-Asp biological activity was undetectable after the

third dose and was not available after the fourth dose. In

fact, this patient had an intermediate level of antibody

before the reinduction phase. The patient did not develop

an allergic reaction (data not shown).

4 Discussion

L-Asp is an essential component of the standard treatment

regimens for ALL. The unique mechanism of L-Asp is that

the drug depletes the Asn in the serum. Its mechanism is

different from that of any other cytotoxic drug. Unfortu-

nately, one of the side effects of L-Asp treatment is the

development of antiasparaginase antibodies, which often

means that therapy cannot be completed. It was reported

that patients that produce antiasparaginase antibodies have

lower event-free survival (EFS) as well as overall survival

(OS) in comparison with children that do not produce the

antibodies [15]. However, patients that suffer from allergic

reactions could still have a comparable prognosis, if

another preparation of asparaginase was used instead [5].

Recent reports suggested that patients that produce

antiasparaginase antibodies but do not suffer clinical

allergic reactions have poor outcomes [8]. Silent inactiva-

tion may be detected by serial monitoring of the biological

activity of L-Asp; however, this method is cumbersome.

During the induction phase of treatment, the ex vivo

ammonia production of all 5 patients exceeded 100 lg/dL.

However, in the reinduction phase of treatment, the ex vivo

ammonia production of 3 patients was below 100 lg/dL,

and antiasparaginase antibodies were detected in these

patients. Recently, Patel et al. reported that a proportion of

patients with ALL possess blasts with a high asparaginyl

endopeptidase (AEP) expression level. AEP is known to

cleave E. coli L-Asp [16]. Therefore, it is necessary to

prospectively monitor the efficacy of L-Asp treatment.

Steiner et al. [17] reported that ammonia levels were

elevated 1 day after intravenous native E. coli L-Asp

administration. Their observation was in our line but they

did not study other important parameters such as the

activity of the drug or antibody production. We systemat-

ically examined the ex vivo ammonia production, Asn

level, L-Asp activity, and antiasparaginase antibody level

during treatment for ALL. We defined ‘‘ex vivo ammonia

production’’ as the increase in the ammonia concentration

1 h after incubation. In this study, we could distinguish the
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Fig. 3 Representative changes in ex vivo ammonia production,

L-Asp activity, and Asn levels (patient 1). a Ex vivo ammonia

production and L-Asp activity. b Asn levels
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increase in ammonia by L-Asp administration from hepatic

failure.

Ex vivo ammonia production was correlated with L-Asp

activity (r = 0.882, P \ 0.01; Fig. 2). On the other hand,

the ammonia concentration immediately after blood sam-

pling and L-Asp activity were more weakly correlated

(r = 0.627, P \ 0.01, data not shown). In fact, the longi-

tudinal change of ex vivo ammonia production was cor-

related with L-Asp biological activity and was inversely

correlated with Asn level in patients with ALL.

We decided that it would be interesting to observe ex

vivo ammonia production after L-Asp administration using

Erwinia chrysanthemi (Erwinia) instead of native E. coli

L-Asp, and so we investigated it in two patients who were

given 10,000 U/m2 of Erwinia L-Asp. The result was that

ex vivo ammonia production was observed in response to

Erwinia L-Asp treatment always exceeded 361 lg/dL

(median 395 lg/dL, range 361–480 lg/dL, 7 samples).

Thus, ex vivo ammonia production can also be used to

monitor the biological effects of Erwinia L-Asp.

In patients 2 and 3, additional administration of native

E. coli L-Asp reinstated the increase in ammonia produc-

tion, suggesting that saturation of the antiasparaginase

antibodies with excessive L-Asp had occurred. Currently,

utilizing another preparation of asparaginase, that is,

Erwinia L-Asp, may be the only way to manage silent

inactivation. One might introduce an additional dose of native

E. coli L-Asp to overcome the neutralization of asparaginase

by antibodies. Ex vivo ammonia production should be

measured before considering a switch to Erwinia L-Asp.

In conclusion, measurement of ex vivo ammonia pro-

duction is a simple method that predicts in vivo L-Asp

activity. It can be used to easily identify patients that are

suffering from silent inactivation of L-Asp and suggest a

suitable treatment.
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