
COMMENTARY

Editor’s Note: In the April issue of the journal, Volume 26, Number 4, Avramis and
colleagues presented data to show that in a selected group of patients with Acute
Lymphoblastic Leukemia being treated on a CCG trial that the presence of silent an-
tibodies (that is clinically undetectable) potentially rendering the therapy ineffective is
present in a significant number of patients (1). Given the importance of the enzyme in
treatment of patients with ALL, as evidenced by finding that a lack of enzyme activity
may correlate with outcome, questions such as “how best give the enzyme?” “how to
monitor its effect?” and “how to prevent the development of antibodies?” seem crucial
both to the patient as well as the physician-scientist evaluating the efficacy of the
treatment. That is it would seem important to know why therapy failed or why was it
toxic as we move towards maximizing/individualizing therapy. John Holcenberg is an
acknowledged expert both in the use of enzymes as drugs and in the pharmacology of
anti-cancer agents. Rather than having me pose questions and raise issues about how
to incorporate Asparaginase in treatment plans, I simply asked Dr. Holcenberg to
prepare a commentary for this issue. The results are more informative and the opinion
more authoritative than mine.

Optimal Asparaginase Therapy
John Holcenberg, MD

It’s been over 35 years since a bacterial asparaginase was first used for the treatment of
acute lymphoblastic leukemia (ALL).1 Nevertheless, we still don’t know the best way to

administer these foreign proteins to achieve optimal effect and to minimize allergic reac-
tions. The paper by Avramis and colleagues2 provides some important clues. Recent studies
by several laboratories have shown that treated patients can develop a silent allergy where
circulating antibodies neutralize the asparaginase activity or cause rapid clearance of the
protein but do not cause clinical allergic symptoms. The paper reports a very high incidence
of antibodies to asparaginase in children with higher-risk ALL treated on Children’s On-
cology Group Study 1961 first with native E. coli asparaginase and then with pegylated-
asparaginase (pegaspargase). An interim outcome analysis of 280 patients found a similar
hazard ratio of relapse for those who had no clinical allergy and those with clinical allergy
who were subsequently switched to a non-cross-reacting Erwinia asparaginase. In contrast,
the hazard ratio for relapse was significantly higher in the 29% of these patients who de-
veloped silent antibodies. Because these antibodies neutralized the asparaginase activity,
these children received a shorter duration of effective asparaginase treatment. Since no
clinical allergy was seen, they did not receive Erwinia asparaginase. This suggests that
monitoring for silent antibodies or loss of asparaginase activity could prompt a change to
Erwinia asparaginase and thereby improve outcome.

The duration of effective asparaginase treatment also appears to be important in two
studies from the Dana-Farber ALL Consortium.3,4 In protocol 91-01, 12% of children re-
ceived 25 weeks or less of the 30 weeks planned for asparaginase intensification therapy
because of side effects or allergic reactions. These children had a significantly worse 5-year
event-free-survival than those who tolerated more than 26 weeks (73% versus 90% respec-
tively). They also showed that older children tolerated asparaginase worse than younger
ones. Protocol 95-01 compared weekly doses of 20,000 IU/m2 of Erwinia and E. coli aspa-
raginase during a 20 week intensification phase. Erwinia asparaginase has a shorter half-life
than E. coli asparaginase so its duration of asparaginase activity would have been shorter.
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The 3-year event-free survival was significantly shorter for
children treated with Erwinia- compared with those treated
with E. coli asparaginase (81% versus 92% respectively).

Asparaginase treatment has been prolonged by three
dosing schemes: repeat induction regimens called delayed in-
tensification first developed by the German BFM Consortium,
intensification phases like those of the Dana-Farber ALL Con-
sortium and consolidation schemes using methotrexate fol-
lowed by asparaginase first proposed by Capizzi.5 A Chil-
dren’s Oncology Group study showed that combination of in-
tensified delayed intensification and the Capizzi regimen
improved event-free survival in children with slow response to
induction therapy.6 It is not clear which of these schemes is
best but all share the problems of clinical allergic reactions,
silent allergy and adverse events.

HOW CAN THESE PROBLEMS BE MINIMIZED?
First the asparaginase should be given concurrently with

strong immunosuppressive drugs. Most induction and delayed
intensification regimens use concurrent high dose steroids in
addition to an anthracyclines in delayed intensification and
some induction schemes. This appears to be adequate immu-
nosuppression at least in standard risk children since in Chil-
dren’s Oncology Group study 1962 allergic reactions were rare
with either native- or pegylated-asparaginase. Neutralizing an-
tibodies developed in some children treated with native aspa-
raginase but none developed in children treated only with pe-
gaspargase.7 In higher-risk or older children, this degree of im-
munosuppression may not be sufficient with native E. coli
asparaginase. In Children’s Oncology Group study 1961, 28%
of patients had allergic reactions. They had received 9 doses of
native asparaginase during induction. Most allergic reactions
occurred after the second dose of pegaspargase on day 42 of
consolidation or the next dose of pegaspargase about 2 weeks
later. The native asparaginase probably sensitized the patients
to develop antibodies that cross-reacted with pegaspargase.
The paper in the April issue showed that over 60% of the tested
patients on this study developed circulating antibodies.2 Con-
current chemotherapy included 1 g/m2 of cyclophosphamide
and standard doses of cytosine arabinoside, vincristine and
6-mercaptopurine. The Dana-Farber Consortium protocols
give pulses of high dose steroids every 3 weeks during the as-
paraginase intensification. Future studies in higher-risk and
older children and adolescents should consider using pegas-
pargase for both induction and later phases of treatment and
consider steroid pulses during the consolidation and interim
maintenance phases when asparaginase is administered.

Second, the lowest effective dose of asparaginase should
be used. High doses of E. coli asparaginase cause partial deple-
tion of circulating glutamine. It is possible that some of the

adverse effects of asparaginase like progressive asthenia may
be due to glutamine depletion. European investigators are
evaluating intravenous dosing with 1000 IU/m2 of pegaspar-
gase rather than their standard of 2500 IU/m2.8 The current
Dana-Farber ALL Consortium protocol 00-01 is studying the
asparaginase activity, adverse events, and antibody formation
in patients randomized to 25,000 IU/m2 native E. coli aspar-
aginase per week for 30 weeks versus individualized doses to
maintain the nadir asparaginase activity above 0.1 IU/ml. The
results of these studies should greatly help in the design of
more optimal asparaginase use.

Third, intravenous dosing of asparaginase theoretically
may be less immunogenic than intramuscular dosing. The Eu-
ropeans routinely use IV dosing while this route is rarely used
in the US. Pegaspargase has been approved for IV and IM dos-
ing in the US. Children’s Oncology Group has proposed fur-
ther study of the safety of IV dosing with monitoring for silent
antibodies.

Finally, clinical laboratories should be encouraged to
routinely test for asparaginase activity. The Nessler’s assay for
ammonia and other asparaginase assays should be simple to
automate. These assays would be much easier to do and inter-
pret than antibody or asparagine levels. Patients should be
monitored for asparaginase activity periodically during their
treatment to insure that the nadir levels are at least 0.03–0.1
IU/ml. Those who have very low or undetectable levels could
be switched to Erwinia asparaginase.
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