
L-asparaginase (L-asp) has been used for the treat -
ment of such ma lig nant he ma to log i cal dis or ders

as acute lymphoblastic leu ke mia (ALL) and lym pho -
mas. Se ri ous side ef fects of L-asp in clude hepatotoxicity,
pan cre ati tis, re nal fail ure, hyperglycemia, coagulopathy,
cen tral ner vous sys tem (CNS) dis or ders and hy per sen -
si tiv ity re ac tion.1 Di a betic ketoacidosis (DKA) and
pan cre atic pseudocysts may oc cur on rare oc ca sions,
and hyperglycemia is usu ally tran sient.1-11 Ex cept for 
the diabetogenic ef fect of L-asp, the leu ke mic pro -
cess it self, through mech a nisms as yet un de ter mined, 
may im pair glu cose me tab o lism as well. Here we re -
port a rare case of ALL who de vel oped re cur rent
DKA and per sis tent hyperglycemia af ter treat ment
with L-asp.

Case Re port

A 21-year-old man sought med i cal at ten tion for
per sis tent fe ver in Jan u ary 1999 and was di ag nosed to
have ALL of pre-B cell type. He had no fam ily his tory 
of di a be tes mellitus or other endocrinological dis or -
ders. Com plete re mis sion (CR) was achieved af ter in -
duc tion ther apy with vincristine, daunomycin and
prednisolone. Ad di tionally, CNS pro phy laxis with
intrathecal methotrexate (MTX) and cra nial ir ra di a -
tion were in sti tuted. Af ter intrathecal MTX ther apy,
treat ment with Esch e richia Coli-de rived L-asp
(Leunase) at a dose of 18,000 IU intra mus cu larly ev -
ery other day was given. One day af ter the 8th dose of
L-asp, the pa tient com plained of nau sea, vom it ing and 
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Di a betic ketoacidosis (DKA) and pan cre atic pseudocysts are rare com -
pli ca tions fol low ing treat ment of he ma to log i cal ma lig nan cies with
L-asparaginase (L-asp). Per sis tent hyperglycemia with re cur rent DKA
pre sent ing as a long-term com pli ca tion of L-asp-induced pan cre ati tis is
even rarer. A 21-year-old man with pre-B-type acute lymphoblastic leu ke -
mia (ALL) de vel oped pan cre atic pseudocysts, DKA and per sis tent
hyperglycemia af ter L-asp ther apy. The pa tient was treated with oral
hypoglycemic agents (OHA) for sugar con trol there af ter. Ten months
later, an other ep i sode of DKA de vel oped dur ing re lapsed ALL with out
hav ing ob vi ous pre cip i tat ing fac tors. In su lin was then in sti tuted for con -
trol of his blood sugar un til death. The leu ke mic pro cess may play some
role in glu cose ho meo sta sis and may be con sid ered as a pre cip i tat ing fac -
tor for DKA. The pa tient fi nally died of dis ease pro gres sion of ALL and
sep sis 2 years af ter the ini tial di ag no sis of ALL.
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epigastric dis com fort. Phys i cal ex am i na tion showed
de creased bowel sounds and lo cal ten der ness over the
epigastric re gion with out re bound ing ten der ness. Per -
ti nent lab o ra tory find ings showed an am y lase level of
363 U/L (nor mal range: 30-110 U/L), a lipase level of
1,199 U/L (nor mal range: 23-300 U/L) and a
triglyceride at 97 mg/dL (nor mal range: 35-150
mg/dL). Ab dom i nal com puted to mog ra phy (CT) scan
dem on strated an en larged pan creas with ir reg u lar sur -
face and fo cal fluid ac cu mu la tion over the para-
 pancreatic re gion (Fig. 1). The pa tient was treated
with sup port ive mea sures for L-asp-induced pan cre -
ati tis for 2 weeks and his con di tion im proved. He then
re ceived con sol i da tion ther apy with prednisolone,

vincristine, methotrexate, and mercaptopurine. Un for -
tu nately, he de vel oped short ness of breath and ab -
dom i nal pain 1 month later. Ar te rial blood gas anal y -
sis showed a pH of 6.994, a PCO2 level of 23.5
mmHg, HCO3

− at 5.6 mmol/L, and a base def i cit of
-24.4 mmol/L. Blood glu cose was 764 mg/dL and se -
rum ketone body was 3+. Con cur rent se rum am y lase
was 167 U/L (nor mal range: 30-110 U/L). An
abdominal CT scan showed pan cre ati tis with a
pseudocyst form ing over the tail area, about 6 × 3 cm2 in
size (Fig. 2). DKA was im pressed. The pa tient was
then treated ag gres sively for DKA and pan cre atic
pseudocyst for ma tion, and his clin i cal con di tion im -
proved fol low ing rehydration, parenteral nu tri tion,
nasogastric de com pres sion, in tra ve nous in su lin, bi -
car bon ate sup ple ment and em piric an ti bi ot ics. The
pan cre atic pseudocyst re solved grad u ally, and ab -
dom i nal ultrasonography re vealed nor mal ap pear -
ance of the pan creas 16 days later. Ran dom blood
glu cose still fluc tu ated be tween 200 mg/dL and 300
mg/dL. Oral hypoglycemic agents were ad min is -
tered. Dur ing the sub se quent months, he re fused any
fur ther main te nance ther apy. Ten months af ter the
last dose of L-asp, his ALL re lapsed and he was
found to have an other ep i sode of hyperglycemic
ketoacidosis. He then re ceived treat ment for his
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Fig. 1. CT scan 2 days af ter the last dose of L-asp show ing
en larged pan creas with ir reg u lar sur face and fo cal
fluid ac cu mu la tion over the para-pancreatic re gion.

Fig. 2. Fol low-up CT scan 1 month later show ing pan cre -
ati tis with pseudocyst for ma tion over the tail area.

Fig. 3. Sum mary of the hos pi tal course and vari a tion of
blood glu cose level. ALL = acute lymphoblastic
leu ke mia; CR = com plete re mis sion; C/T = che mo -
ther apy; DKA = di a betic ketoacidosis; L-asp =
L-asparaginase; OHA = oral hypoglycemic agents.



hyperglycemic ketoacidosis and ALL again with
mitoxantrone and cy to sine arabinoside (Fig. 3).
Although the clin i cal con di tion im proved and his
ALL was in sec ond com plete re mis sion, the
hyperglycemia per sisted and in su lin in jec tion was
needed for blood sugar con trol. Un for tu nately, his
ALL re lapsed in his CNS and bone mar row in No -
vem ber, 2000, and he died of sep tic shock 2 years af -
ter the di ag no sis of ALL. The clin i cal course of his
ALL and blood glu cose level are de lin eated in Fig. 3.

Dis cus sion

Hyperglycemia is a well-documented com pli ca -
tion of L-asp ther apy for ALL.1-5,11 The re ported in ci -
dence of hyperglycemia ranges from 2.5-23%1,2,7,11

and ep i sodes usu ally re solve within an av er age of 12
days.5 The symp toms vary from mild glu cose in tol er -
ance to se vere or even fa tal DKA. Acute pan cre ati tis,
which oc curs in 2-16% of cases, is an other se ri ous
side ef fect of L-asp treat ment.6,12 L-asp-related life-
 threatening pan cre ati tis, some times with the de vel op -
ment of pseudocysts and death, have re peat edly been
re ported in the med i cal lit er a ture.12

We re viewed the Eng lish med i cal lit er a ture and
were able to iden tify 12 cases (in clud ing the pres ent
case) of DKA re lated to L-asp ther apy (Ta ble
1).1-3,6,8,10,11,13,14 A num ber of patho genic mech a nisms
of L-asp-related hyperglycemia have been pro posed,
such as in hi bi tion of in su lin biosynthesis, im paired in -
su lin se cre tion, a re duc tion in in su lin re cep tors, con -
cur rent hyperglucagonemia and pan cre atic is let cell
dam age.4,11,15,16 All re ported cases of hyperglycemia
and DKA af ter L-asp ther apy were re vers ible and
tran sient ex cept 2, in clud ing the pres ent one. One case 
with per sis tent di a be tes and ketoacidosis was re -
ported, but that case died 6 weeks af ter L-asp ther -
apy.10 There is no con clu sive study about the du ra tion
of the diabetogenic ef fect of L-asp. In the pres ent case, 
per sis tent hyperglycemia, re cur rent DKA and re -
lapsed ALL de vel oped 10 months af ter the last dose of 
L-asp. The pathogenesis of this long-term com pli ca -
tion may be per ma nent dam age of beta cells due to
pan cre atic pseudocysts. Such late DKA had never

been re ported in the lit er a ture be cause al most ev ery
leu ke mia pa tient suf fer ing from se vere L-asp-induced 
pan cre ati tis died be fore such long-term com pli ca tions 
would ap pear.

DKA is a po ten tially fa tal com pli ca tion, and its
man age ment should in clude vol ume re place ment,
elec tro lyte supplementation and in tra ve nous in su lin.
Early rec og ni tion of risk fac tors and pre cip i tat ing
fac tors for L-asp-related DKA is im por tant. In our
re view, 8 of 12 pa tients who de vel oped DKA af ter
L-asp might have had pre cip i tat ing fac tors such as
acute pan cre ati tis, pan cre atic pseudocysts, and in fec -
tion,2-3,6,8,11,13,14 in ad di tion to the diabetogenic ef fect
of L-asp it self. Dacou-Voutetakis et al. also sug -
gested that leu ke mic pro cess it self, through mech a -
nisms as yet un de ter mined, could im pair glu cose me -
tab o lism.17 This sug ges tion may ex plain why our
case de vel oped DKA dur ing re lapsed ALL with out
hav ing ob vi ous pre cip i tat ing fac tors. Fur ther more,
some in ves ti ga tors found that over 10 years of age,
obe sity, Down syn drome, fam ily his tory of di a be tes
mellitus and high ini tial leu ko cyte count might pre -
dis pose hyperglycemia in those pa tients who re -
ceived L-asp.7

Re cently, 2 other prep a ra tions of asparaginase
be came avail able: (1) Erwinia carotovora-de rived
L-asp; and (2) poly eth yl ene gly col-L-asp. Sev eral in -
ves ti ga tions sug gested that these 2 agents have fewer 
side ef fects and fewer hy per sen si tiv ity re ac tions.16,18

Ridgway et al. re ported asparaginase-induced hyper -
glycemia would be at ten u ated af ter sub sti tu tion of
the Erwinia L-asp for E. coli L-asp.18 How ever, more 
stud ies of pharmacokinetics, tox ic ity, dose mod i fi ca -
tion, drug in ter ac tion and pro to col de sign are
needed.

In con clu sion, L-asp-induced pan cre ati tis could
lead to long-term im pair ment of pan creas func tion,
such as DKA and per sis tent hyperglycemia, if pa tients 
live long enough. Post pran dial blood glu cose, uri nary
glu cose, uri nary ketone body and se rum pan cre atic
en zymes should be closely mon i tored af ter L-asp ther -
apy. Early rec og ni tion of the pre cip i tat ing fac tors for
DKA is im por tant to pre vent L-asp-related fa tal con -
se quences, and the leu ke mic pro cess it self may be
con sid ered as one of the pre dis pos ing fac tors.
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Table 1. Summary of DKA associated with L-asp therapy reported in the literature

Case
no.

Age
(yr)/Sex

Diagnosis Symptoms
and signs

Onset after
the last dose

of L-asp
(days)

Associated
clinical

manifestation

Therapy Long-term
sequelae

Outcome Refer-
ences

1 12/F ALL Nausea, vomiting,
polyuria, polydipsia,
vaginal pruritus

20 Oral and
vaginal
candidiasis

Insulin and supportive
treatment

Nil CR 13

2 56/M ALL Cardiopulmonary
embarassment

11 Acute
hemorrhagic
pancreatitis

Supportive resuscitation Nil Died 6

3 30/M ALL Vomiting, diarrhea,
dyspnea, oilgouria

1 Pneumonia Insulin, supportive
resuscitation, antibiotics

Nil Died 8

4 10.5/F ALL Lethargy, irritable,
polydipsia, polyuria,
Kussmaul respiration

2 Nil Insulin and supportive
treatment

Persistent
hyperglycemia,
ketouria

Died 10

5 10/F AL Lethargy, irritable,
polydipsia, polyuria,
Kussmaul respiration

2 Small
abscess on
the right
upper eyelid

Insulin, supportive
resuscitation, antibiotics

Nil CR 3

6 13/M AL Polyuria 5 Neutropenia,
small rectal
fissure

Insulin, supportive
treatment, antibiotics

Nil CR 14

7 9/M ALL NS NS Pancreatitis,
secondary
peritonitis

Insulin, supportive
treatment, antibiotics

NS NS 2

8 11/F ALL NS NS Nil Insulin and supportive
treatment

NS NS 2

9 NS AL NS 4 Nil NS NS Died 1

10 NS AL NS NS Nil NS NS Alive 1

11 10/M ALL Nausea, vomiting,
abdominal pain,
conscious change

Days and
2 weeks

Acute
pancreatitis,
perianal
abscess

Insulin, supportive
treatment, antibiotics

Nil CR 11

12 21/M ALL Epigastric pain,
nausea,
Vomiting

6 weeks and
10 months

Pancreatitis,
pseudocyst
formation

Insulin, supportive
treatment, antibiotics

Persistent
diabetes,
recurred
DKA

CR This
case

ALL = acute lymphoblastic leukemia; CR = complete remission; AL = acute leukemia; NS = not stated.
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