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CaseReport

Diabetic Ketoacidosis and Persistent
Hyperglycemia as Long-term Complications
of L-asparaginase-induced Pancreatitis
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Di abetic ketoacidosis (DK A) and pan cre atic pseudocystsarerare cont
plications following treatment of hematological malignancies with
L-asparaginase (L-asp). Persistent hyperglycemia with recurrent DKA
presenting as a long-term complication of L-asp-induced pancredtitis is
evenrarer. A 21-year-old man with pre-B-type acute lymphoblastic leu ke-
mia (ALL) developed pancreatic pseudocysts, DKA and persistent
hyperglycemia after L-asp therapy. The patient was treated with oral
hypoglycemic agents (OHA) for sugar control thereafter. Ten months
|ater, an other epi sode of DK A devel oped during relapsed ALL with out
havingobvi ousprecipi tatingfactors. Insulinwastheninsti tuted for cor
trol of hisblood sugar until death. The leu ke mic pro cess may play some
roleinglucosehomeo stasisand may beconsideredasaprecipi tatingfac
tor for DKA. Thepatient fi nally died of disease pro gressionof ALL and
sepsis2yearsaf tertheini tial diagnosisof ALL.

[Chin Med J (Taipei) 2002;65:441-445]

-asparaginase (L-asp) has been used for the treat-

ment of suchmalignanthematologi cal disor ders
asacutelymphoblasticleukemia(ALL) and lym pho-
mas. Seri oussdeef fectsof L-aspincludehepatotoxicity,
pancreati tis, rend fail ure, hyperglycemia, coagul opathy,
central nervoussystem(CNS) disor dersandhy per sent
sitivityreaction.® Di abetic ketoacidosis (DKA) and
pan creatic pseudocystsmay oc cur onrareoc casions,
and hyperglycemiaisusually transient.*** Ex cept for
the diabetogenic ef fect of L-asp, theleu kemic pro-
cessit salf, throughmechanismsasyet undeter mined,
may impair glucosemetabolismaswell. Herewere
port a rare case of ALL who developed recurrent
DKA and per sistent hyperglycemiaaf ter treat ment
with L-asp.

Case Report

A 21-year-old man sought medi cal at tentionfor
per sistentfeverinJanuary 1999 andwasdi agnosedto
have ALL of pre-B cell type. Hehad nofamily history
of di abetesmellitusor other endocrinological disor-
ders. Com pleteremission (CR) wasachieved &f terin-
duction therapy with vincristine, daunomycin and
prednisolone. Additionally, CNS prophylaxis with
intrathecal methotrexate (MTX) and crania irradia
tionwereinsti tuted. Af ter intrathecal M TX ther apy,
treatment with Escherichia Coli-derived L-asp
(Leunase) at adose of 18,000 IU intramuscu larly ev-
ery other day was given. One day af ter the 8" dose of
L -asp, thepatient com plained of nau sea, vomitingand
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Fig. 1. CT scan 2 daysaf ter thelast dose of L-asp show ing
enlarged pancreaswithirregular sur faceandfocal
fluidaccumulationover thepara-pancreaticregion.

Fig. 2. Fol low-up CT scan 1 month later show ing pan cre-
ati tiswith pseudocyst for mation over thetail area.

epigastricdiscomfort. Physi cal exami nationshowed
decreased bowel soundsandlocal tender nessover the
epigastricregionwithout reboundingtender ness. Per-
ti nentlaboratory findingsshowedanamy laselevel of
363 U/L (nor mal range: 30-110 U/L), alipaselevel of
1,199 U/L (normal range: 23-300 U/L) and a
triglyceride at 97 mg/dL (normal range: 35-150
mg/dL). Abdomi nal computedtomography (CT) scan
demonstratedanenlargedpancreaswithir regular sur
face and focal fluid accumulation over the para-
pancreatic region (Fig. 1). The patient wastreated
with sup portivemeasuresfor L-asp-induced pan cre
ati tisfor 2weeksand hiscondi tionim proved. He then
received consolidation therapy with prednisolone,
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Fig. 3. Sum mary of the hos pi tal courseand vari ation of
blood glu cose level. ALL = acute lymphoblastic
leukemia; CR=completeremission; C/T =chemo
therapy; DKA = diabetic ketoacidosis; L-asp =
L-asparaginase; OHA = ora hypoglycemic agents.

vincristine, methotrexate, and mercaptopurine. Unfor-
tunately, he devel oped short ness of breath and ab-
domi nal pain 1 monthlater. Arteria blood gasana y-
sis showed a pH of 6.994, a PCO, level of 23.5
mmHg, HCO; at 5.6 mmol/L, and a base def i citof

-24.4 mmol/L. Blood glu cose was 764 mg/dL and se-
rum ketonebody was 3+. Concur rent serumamy lase
was 167 U/L (normal range: 30-110 U/L). An
abdominal CT scan showed pancreatitis with a
pseudocyst forming over thetail area, about 6~ 3 cn? in
sze (Fig. 2). DKA was impressed. The patient was
then treated aggressively for DKA and pancreatic
pseudocyst for mation, and hisclini cal condi tionim-
provedfol lowingrehydration, parenteral nutri tion,

nasogastricdecompression, intravenousinsulin, b

car bonatesupplementandempiricanti bi otics. The
pan creatic pseudocyst resolvedgrad ually, and ab-

dominal ultrasonography reveal ed nor mal ap pear-

ance of the pan creas 16 days|ater. Ran dom blood
glu cosetill fluc tu ated be tween 200 mg/dL and 300
mg/dL. Oral hypoglycemic agents were adminis

tered. Dur ing the sub sequent months, herefused any
fur ther maintenancether apy. Tenmonthsaf ter the
last dose of L-asp, his ALL relapsed and he was
found to have another episode of hyperglycemic

ketoacidosis. He then received treatment for his
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hyperglycemic ketoacidosis and ALL again with
mitoxantrone and cytosine arabinoside (Fig. 3).
Although the clinical condition improved and his
ALL was in second complete remission, the
hyperglycemia persisted and insulin injection was
needed for blood sugar control. Unfortunately, his
ALL relapsedin hisCNS and bone mar row in No-
vem ber, 2000, and he died of sep tic shock 2 years &f-
terthedi agnosisof ALL. Theclini cal courseof his
ALL andbloodglucoseleve aredelineatedinFig. 3.

Discussion

Hyperglycemiaisawell-documented com pli ca
tion of L-asp ther apy for ALL.*> Thereportedin ci-
dence of hyperglycemia ranges from 2.5-23%"2711
and epi sodesusu ally resolvewithinanav er ageof 12
days.® Thesymptomsvary frommildglucoseintol e~
ancetosevereor evenfatal DKA. Acutepancredti tis,
which oc cursin 2-16% of cases, isan other seri ous
sideef fect of L-asp treat ment.®2 L-asp-related life-
threatening pancreati tis, sometimeswiththedevel op
ment of pseudocysts and death, have re peat edly been
reportedinthemedi cal liter ature.

WereviewedtheEnglishmedi cal liter atureand
wereabletoidentify 12 cases(includingthepresent
case) of DKA related to L-asp therapy (Table
1).1-368101113.14 A num ber of patho genicmechanisms
of L-asp-related hyperglycemia have been pro posed,
suchasinhi bi tionof insulinbiosynthesis,impairedin
sulinsecretion,areductionininsulinreceptors, cor
cur rent hyperglucagonemia and pancreaticislet cell
damage.***>1 All re ported cases of hyperglycemia
and DKA after L-asp therapy were reversible and
transient ex cept 2, includingthepresent one. Onecase
with persistent diabetes and ketoacidosis was re-
ported, but that case died 6 weeks after L-asp ther-
ay.* Thereisno con clusivestudy about theduration
of the diabetogenic ef fect of L-asp. Inthepresent case,
persistent hyperglycemia, recurrent DKA and re-
lapsed ALL devel oped 10 monthsaf ter thelast dose of
L-asp. The pathogenesis of thislong-term com pli ca
tion may be per manent dam age of betacellsdueto
pancreatic pseudocysts. Such late DKA had never

beenreportedintheliter aturebecausea most ev ery
leukemiapatient suf feringfromseverel -asp-induced
pancreati tisdiedbeforesuchlong-termcompli cations
wouldappear.

DKA isapotentially fatal compli cation, andits
management should include volume replacement,
electrolytesupplementationandintravenousinsulin.
Early recognition of risk factors and precipitating
factorsfor L-asp-related DKA isim por tant. In our
review, 8 of 12 patientswho devel oped DKA af ter
L-aspmight havehad precipi tating factorssuch as
acutepancreati tis, pancreaticpseudocysts, andinfec
tion,>381113141n ad di tion to the diabetogenic ef fect
of L-asp itself. Dacou-Voutetakis et al. also sug-
gested that leu ke mic pro cessit self, throughmech a
nismsasyet undeter mined, couldimpair glucoseme
tabolism.” This suggestion may explain why our
casedevel oped DKA duringrelapsed ALL without
havingobvi ousprecipitatingfactors. Furthermore,
someinvesti gatorsfound that over 10 yearsof age,
obesity, Downsyndrome, family history of di abetes
mellitusand highini tial leu ko cyte count might pre-
dispose hyperglycemia in those patients who re-
ceived L-asp.’

Recently, 2 other prep arationsof asparaginase
becameavail able: (1) Erwinia carotovora-derived
L-asp; and(2) poly ethyl enegly col-L-asp. Severalin
vesti gationssug gested that these 2 agentshavefewer
sideef fectsandfewer hy per sensitivity reactions. 618
Ridgway et al. re ported asparaginase-induced hyper-
glycemiawouldbeat tenu ated af ter sub sti tution of
the ErwiniaL-asp for E. coli L-asp.*®How ever, more
studiesof pharmacokinetics, toxicity,dosemodi fi ca
tion, drug interaction and protocol design are
needed.

Inconclusion, L-asp-induced pancreati tiscould
lead to long-termim pair ment of pan creasfunction,
suchasDKA and per sistent hyperglycemia, if patients
livelong enough. Post prandial blood glu cose, uri nary
glucose, uri nary ketonebody and serum pancreatic
enzymesshouldbeclosely moni tored af ter L-aspther-
apy. Early recogni tionof theprecipi tatingfactorsfor
DKA isimpor tant to prevent L-asp-related fatal con-
sequences, and the leukemic processit self may be
consideredasoneof thepredisposingfactors.
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Tablel. Summary of DKA associated with L-ag therapy r eported in theliteratur e

Case Age Diagnosis Symptons Onset after  Asoci ated Therapy Longterm  Outcome Refer-
no. (yr)/Sex and sgns thelast doe  Clinical s*quelae ences
of Lap Manifestation
(days)
1 12/F  ALL  Nausea vomiting, 20 Ord and Insulin and supportive Nl CR 13
polyuria, polydipsia, vagina treatment
vagind pruritus candidiasis
2 56M  ALL  Cardiopulmonary 11 Acute Supportive reuscitation  Nil Died 6
embarasamernt hemorrhag c
pancrestitis
3 30M ALL Vomiting, diarrhea, 1 Pneumonia  Inaulin, supportive Nil Died 8
dyspnea, oilgouria resuscitation, antibiotics
4 10.5/F ALL  Lethargy, irritable, 2 Nil Inaulin and supportive  Persigent Died 10
polyd psa, polyuria, treatment hyperglycemia,
Kussmaul respiration ketouria
5 10/F AL Lethargy, irritable, 2 Small Inaulin, supportive Nil CR 3
polyd psa, polyuria, abxesson  resuscitation, antibiotics
Kussmaul respiration theright
upper eydid
6 1IM AL Polyuria 5 Neutropenia, Inaulin, supportive Nil CR 14
smdl rectal  treatment, antibiotics
fissure
7 9M ALL NS NS Pancrestitis,  Insulin, supportive NS NS 2
secondary trestment, antibiotics
peritonitis
8 11/F ALL NS NS Nil Inaulin and supportive NS NS 2
trestment
9 NS AL NS 4 Nil NS NS Died 1
10 NS AL NS NS Nil NS NS Alive 1
11 10M  ALL  Nausea vomiting, Daysand Acute Inaulin, supportive Nil CR 11
abdomina pain, 2 weeks pancredtitis,  trestment, antibiotics
congci ous change periand
abcess
12 2/M  ALL  Epigastric pain, 6 weeksand Pancredtitis  Inaulin, supportive Persigent CR This
nausea, 10 months  pseudocys  treatment, antibiotics di abetes, case
Vomiting formation recurred
DKA

AL L =acute | ymphoblastic | eukemia; CR = complete remisson; AL = acute leukemia; NS = not dated.
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