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SUMMARY

Introduction In patients with acute leukemias hemorrhage is the most frequent problem. Vein thrombotic
events may appear rarely but arterial thromboses are exceptionally rare. We present a patient with acute
leukemia and bilateral deep leg vein thrombosis who developed an acute myocardial infarction (AMI)
during induction chemotherapy. The etiology and treatment of AMI in patients with acute leukemia,
which is a rare occurrence, is discussed.

Case Outline In April of 2012 a 37-year-old male presented with bilateral deep leg vein thrombosis and
malaise. Laboratory data were as follows: Hb 118 g/L, WBC 354x10°/L (with 91% blasts in differential
leukocyte count), platelets 60x10°/L. Bone marrow aspirate and immunophenotype revealed the
presence of acute lymphoblastic leukemia. Cytogenetic analysis was as follows: 46,XY,t(4;11)(q21:923)
[2]1/62-82,XY,t(4;11)[18]. Molecular analysis showed MLL-AF4 rearrangement. The patient was on low
molecular weight heparin and combined chemotherapy according to protocol HyperCVAD. On day 10
after chemotherapy he got chest pain. Three days later AMI was diagnosed (creatine kinase 66 U/L, CK-MB
13U/L, troponin 1.19 pg/L). Electrocardiogram showed the ST elevation in leads D1, D2, aVL, V5 and V6
and“micro q"in D1. On echocardiography, hypokinesia of the left ventricle and ejection fraction of 39%
was found. After recovering from AMI and restoring left ventricle ejection fraction to 59%, second course
of HyperCVAD was given. The control bone marrow aspirate showed 88% of blasts but with monoblastic
appearance. Flow cytometry confirmed a lineage switch from lymphoblasts to monoblasts. In further
course of the disease he was treated with a variety of chemotherapeutic combinations without achieving
remission. Eventually, palliative chemotherapy was administered to reduce the bulk of blasts. He died
five months after the initial diagnosis.

Conclusion AMI in young adults with acute leukemia is a very rare complication which may occur in
patients with very high white blood cell count in addition with presence of a CD56 adhesion molecule
and other concomitant thrombophilic factors. The treatment of AMI in patients with acute leukemias
should include antiplatelet and anticoagulant therapy, even with more aggressive methods depending

on patient’s age and clinical risk assessment.
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INTRODUCTION

Although hemorrhagic diathesis usually ac-
company acute leukemias, thrombotic events
may occur at diagnosis, or later during the
course of the disease. Thromboses are de-
scribed most frequently in connection with
acute promyelocytic and acute lymphoblastic
leukemia, in which treatment with all-trans-
retinoic acid or L-asparaginase causes impair-
ment of anticoagulant mechanisms producing
prothrombotic state [1, 2]. But in other types
of acute myeloid leukemias (AML) the throm-
bosis is not negligible, as it was found in 3.2%
of patients at presentation [2].

Multiple prothrombotic factors have been
identified including effects of antileukemic
therapy [3], hyperleukocytosis [3, 4, 5], heri-
table thrombophilias [6], indwelling central
vein catheters and an acquired hypercoagulable
state as antiphospholipid syndrome, heparin-
induced thrombocytopenia and disseminated
intravascular coagulation (DIC) [7].

Arterial thromboses are extremely rare as
most thrombotic events occur in veins. Acute
myocardial infarctions (AMI) in younger pa-
tients with AML were rarely reported [3-7].
We present a patient with a rare acute leuke-
mia associated with t(4;11)(q21:q23), switched
immunophenotype from acute lymphoblastic
to acute monoblastic lineage, in whom AMI
developed during the course of induction
chemotherapy. According to PubMed survey
of the world literature, there are 11 reported
cases, but, to the best of our knowledge, this is
the first case of AMI associated with a lineage
switch acute leukemia.

CASE REPORT

A 37-year-old male presented in April of 2012
with a history of four-week bilateral thrombosis
of deep leg veins. He was put on low molecular
weight heparin (LMWH) and cardiopirin. Dur-
ing regular checkups, leukocytosis was noticed
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Figure 1. Bone marrow cytology at diagnosis. Leukemic cells are poly-
morphous, with scarcely basophilic cytoplasm, without azurophilic
granules. (A and C, MGG, 1000x). Myeloperoxidase staining is negative
(B, POX, and 1000x).

and hospitalization was advised to him. His past medical
history was unremarkable, without any cardiologic past his-
tory. He had smoked 20 cigarettes a day for eight years. On
the day of admission, on April 30, 2012, physical examina-
tion revealed normal vital signs and petechiae. The liver
and spleen were palpable at the costal ribs. Initial laboratory
work-up was significant for a low platelet count of 60x10°/L,
hemoglobin 118 g/L, and white blood cell (WBC) count of
354x10°/L with blasts 94%. Blood biochemistry was with-
in normal limits except for a lactic dehydrogenase level of
22,642 U/L. Hemostatic tests were as follows: fibrinogen
2.16 g/L, prothrombin time 52%, activated partial throm-
boplastin time (aPTT) 24.4s, D-dimer 35.2 pg/L, the Inter-
national Society of Thrombosis and Haemostasis score for
DIC was 5. Abdominal ultrasonography revealed enlarged
both the liver (168 mm) and the spleen (138 mm). Conven-
tional cytogenetic analysis showed 46,XY, t(4;11)(q21:q23)
[2]/62-82,XY, t(4;11)[18]. A bone marrow aspirate was hy-
percellular with 91% of mononuclear blasts which were my-
eloperoxidase and periodic-acid-Schiff negative, consistent
with acute lymphoblastic leukemia, L2 type according to
the French—American-British classification (Figure 1) [8].

Immunophenotype of the mononuclear marrow cells
disclosed a population of blasts HLA-DR, CD38, nTdT,
CD19, CD22, cCD79a, cIgM, CD15+, which was in ac-

cordance with cytomorphologic type of leukemia. He was
started with 6-mercaptopurine and prednisolone until the
drop in WBCs to 60x10°/L. On May 5, 2012, the protocol
Hyper-CVAD (cyclophosphamide 600 mg in D1, D2 and
D3, Dexasone 40 mg in D1-D14, Daunoblastin 40 mg in
D4, Vcr 2 mg in D4 and D11, with G-CSF in D3-D21)
was administered, with intrathecal prophylaxis. On the
seventh day of the protocol WBCs dropped to 0.6x10°/L
and the patient developed fever. Broad spectrum antibiot-
ics (meronem, vancomycin, Diflucan, and G-CSF) were
introduced. Ten days after the beginning of chemotherapy
(May 15, 2012) the patient developed chest pain, became
hypotensive, with systolic blood pressure of 85 mmHg. The
ECG at that time was normal. Myocardial enzymes were
not elevated (CK 26 U/L, CK-MB12 U/L, troponin 0.190
pg/L). Dopamine infusions and nitroglycerin tablets were
administered. The next day the chest pain persisted, but
during that day the enzymes and ECG, that were moni-
tored, didn’t show evolution to myocardial infarction. On
the third day the patient was transferred to Emergency Unit
as the chest pain did not stop. The ECG showed ST-eleva-
tion myocardial infarction in leads D1, D2,aVL, V5and V6
with micro q in D1. At the same time cardiac biomarkers
were tested and the results showed elevation (CK 66 U/L,
CK-MB 13 U/L, troponin 1.19 pg/L). These findings corre-
sponded to an anterolateral AMI (Figure 2) with a second-
degree AV block. Echocardiography showed hypokinesia
of the left ventricle, with the ejection fraction of 39%. In
the cavity of the left ventricle there was an echo contrast
showing presence of prethrombotic mass without clear
signs of thrombus formation. The patient was treated with
infusions of dopamine, oxygen, LMWH, carvedilol 12.5
mg (2 x Y% tab.), diuretics, G-CSE, antibiotics (vancomycin,
tienam, acyclovir, ciprocinal). Cardiac catheterization and
percutaneous coronary intervention was offered to the pa-
tient, however he refused, preferring conservative medical
treatment as he knew the main diagnosis of acute leukemia.
Antiplatelet therapy was contraindicated because of the in-
creased risk of bleeding due to thrombocytopenia. Also
ACE-inhibitors were not given as the patient was hypo-
tensive because of weakened left ventricular ejection frac-
tion. During the next ten days WBC count increased from
0.7x10°/L to 3.4x10°/L, platelets increased from 19x10°/L
to 78x10°/L. The patient recovered after ten days, chest
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Figure 2. Electrocardiogram showing ST segment elevation in leads D1, D2, aVL, V5 and V6 with micro q in D1
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Figure 3. Bone marrow cytology at the time of immunophenotype
switch. Leukemic cells are polymorphous, occasionally with lobulated
or reniform nucleus, moderate to abundant cytoplasm, rare vacuoles
and azurophilic granules (A and B, MGG, 1000x). Myeloperoxidase
staining negative (C, POX, 1000x). ANAE staining positive in cytoplasm
and Golgi region in blast and monocytoid cells (D, ANAE, and 1000x)

pain disappeared, dopamine infusions were discontinued,
and ECG changes resolved to normal. After a complete
cardiologic recovery (including echocardiography ejection
fraction improvement to 59%), he was transferred again to
Clinic of Hematology, where the bone marrow aspirate ex-
amination showed 60% of blasts. He received a second cycle
of the same protocol Hyper-CVAD (methotrexate 2,000 mg
on D1, Cytosar 2 x 6 g on D2 and D3). After the recovery,
the bone marrow contained 88% of blasts with monoblas-
tic morphology, myeloperoxidase and PAS negative (Fig-
ure 3). There was a switch in the immunophenotype pat-
tern from lymphoblasts to monoblasts (HLA-DR, CD38,
CD33, CD15, cCD68, cLysozyme"ish, CD11b, CD1l1c,
CD64, CD36, CD24, CD56)*. A minor population (0.1%)
of (CD19+, CD79a+) cells were also found corresponding
to leukemic B-cells, which predominated at the time of di-
agnosis. This evidence suggested the diagnosis of CD56+/
AML with monocytoid differentiation. Cytogenetic analy-
sis showed also the evolution of karyotype (46,XY,t(4;11)
(q21;923))[19]/47,XY;t(4;11)(q21;923),+C[1]. The patient
was treated with HIDAC+DA (ara-C 2x 6 gin D1, D2 and
D3 and Daunoblastin in D2, D4 and D6).

After this therapy his condition was complicated with
severe aplasia and secondary bronchopneumonia, abscess
of the spleen, pulmonary aspergillosis, but without any
sign of cardiac dysfunction. The patient finally recovered
and became afebrile, but with 17% residual blasts in the
bone marrow. He was treated additionally with mitoxan-
trone and vepeside without achieving complete remission.
Further on during its course, the disease was treated as
a resistant one, with palliative chemotherapy (6-mercap-
topurine) just to reduce the WBC count. He died five
months after initial diagnosis without a recurrence of the
cardiac disease.

DISCUSSION

AML is a hematopoietic stem cell disorder characterized
by somatically acquired genetic changes in progenitor cells

which alter the normal mechanism of proliferation and
differentiation [9]. AML is classified according to WHO
classification into several distinct entities depending on
morphologic and molecular-genetic characteristics [10].
Acute leukemia with t(9;11)(p22:q23) may be found in 2%
of adult patient population. These patients may present
with DIC and extramedullary myeloid sarcomas within
different tissues. A “lineage switch” phenomenon is oc-
casionally observed within this high-risk group of patients
when at the time of the initial diagnosis the disease meets
the criteria for a lymphoid or myeloid leukemia with an
opposite lineage at relapse [9, 11, 12]. When lineage switch
is diagnosed, it may represent either the emergence of an
independent ancestral leukemic clone or a relapse of the
original clone with heterogeneity at the morphological
level but usually more resistant to chemotherapy [9].

It is also well known that expression of CD56 mole-
cules, which we observed in our patient’s leukemic cell
membrane, is an adverse prognostic factor with capability
to adhere to cells in different tissues and as such might
contribute to a local myeloid sarcomas’ formation [13].

Our patient, without previous history of coronary
disease, presented with extremely high WBC count and
within 10 days of induction chemotherapy experienced an
acute coronary STEMI event (ST segment elevation myo-
cardial infarction), most probably caused by bulky tumor
mass. We were not able to perform coronary angiography
and find out the real cause of coronary artery occlusion,
but our suspicion was a formation of leukemic thrombi
as it is well-known that they represent a complication in
patients with acute and chronic leukemias and high WBC
count. Additional contributing thrombogenic factor was
DIC and infection, and finally expression of adhesion
CD56 molecules on leukemic cells, which modulates ad-
hesion between leukemic cells and endothelium.

Reviewing the literature we found 11 relevant cases of
AMI in patients with acute leukemias but with different
etiopathogenetic mechanisms leading to coronary arterial
occlusion [3-7, 14-19], including leukostasis syndrome,
leukemic thrombus formation [3, 4, 5], less deformable
blast cells contributing to atherothrombosis [14, 16], effects
of antileukemic chemotherapy, DIC [4, 6, 7, 18], leukemic
myocardial infiltration, preponderance of leukemic cells to
adherence due to having CD56 molecule on cell surface,
thrombocytopenia, and a possible hemorrhage into the
myocardial wall or intimae of coronary arteries [7, 13] and
deficiency of some coagulation and antithrombotic factors
[6,7]. Even in AML with normal WBC count STEMI may
occur, but mechanisms of thrombotic vascular occlusion in
such patients include alterations in microcirculatory rheol-
ogy, increased adhesiveness of leukemic cells which are less
deformable than corresponding mature cells, and increased
procoagulant activity induced by cytokines [13].

It has also been found that coronary arteries vaso-
spasms, which may be provoked by cytokines released
from activated platelets, inflammatory cells or leukemic
cells, play a significant role in occlusive coronary artery
thrombosis [14]. Some chemotherapeutic agents have pro-
thrombotic tendency such as L-asparaginase which induc-
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es hypercoagulability and AMI which has been reported
in patient with acute lymphoblastic leukemia, although
in this report the authors suspect that contributing factor
was administration of prednisone, vincristine and anthra-
cyclines, which caused activation of coagulation and direct
endothelial vascular damage [18]. Platelet-fibrin throm-
bus formation is possible in spite of thrombocytopenia
[14, 18]. In circumstances of coronary arteries occlusion
antithrombotic therapy should be carefully considered.
Thrombolytic therapy was tried once, however the pa-
tient died due to fatal hemorrhage and such treatment is
not recommended any more [17]. Usually dual antiplate-
let therapy and anticoagulation should be administered as
coronary arteries thrombi consist of platelets and fibrin.
Administration of these drugs can prevent further clot
progression [14]. However, concomitant AML and AMI
are accompanied by thrombocytopenia and an increased
risk of bleeding, so there is considerable danger of car-
diac interventions, especially in circumstances of dual
antiplatelet and anticoagulation therapy. This procedure
could be recommended according to European Society of
Cardiology and European Association for Cardio-Thorac-
ic Surgery guidelines on myocardial revascularization only
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AKYTHM UHPAPKT MUOKAPAA TOKOM MHAYKLMOHOT Neuera MLL t(4;11) neykemuje
Ca IMHUjCKOM NMPOMEHOM U EKCTPEMHOM JIEYKOLMTO30M

Harawa Yonoeuh'?, AHapwja borgaHosuh'?, MapujaHa BupujeBuh?, AHa Bugosuh'2, [iparvua TommnH'2

'YHuBep3utet y beorpagy, MeguumHcku dakynter, beorpag, Cpbuja;

2KnuHwika 3a xematonorujy, KnuHuuku uentap Cpbuje, beorpag, Cpbuja

KPATAK CAZIP?KAJ

YBopg Kog 6onecHuKa ¢ akyTHUM neykemmnjama Hajuewwhn npo-
6nem cy KpBapeta. Bpno peTko Mory ce jaBuTH BEHCKe, a n3y-
3eTHO PeTKO apTepujcke Tpombo3e. Mpurkasyjemo bonecHyKa ¢
aKyTHOM fleyKeMujoM 1 TpoM6030M AyDOOKMX BeHa Ha 0be Hore
Kof Kojer ce TOKOM MHAYKLIMOHE XxemmoTepanuje pasBumo aKkyT-
HW HbapKT Mrokapaa (AVIM). Y pagy cy pasmaTtpaHu eTmosno-
ruja u neyerbe AVIM ko 60necHrKa C akyTHOM fleyKeMMjoM.
Mpuka3 6onecHmnka MNpurkasaH je 37-roguilbyn 601ECHUK Koju
ce pa3boneo anpuna 2012. roguHe ca fy60KOM BEHCKOM TPOM-
6030Mm Ha 06e Hore. JlabopaTopujcke aHanu3e cy nokasane
cnepehe: xemorno6uvH 118 g/, neykountn 354x10%1 (ca 91%
6nacta y andepeHuujanHoj neykoLmtapHoj Gopmynm) n Tpom-
6oumnti 60x10%I. AHanu3om henuja acnnpata KOCTHE CPXM 1
NPOTOYHOM LIMTOMETPUjOM MOCTaBSbEHA je AMjarHo3a akyTHe
numpobnacTHe neykemuje. LintoreHeTckom aHann3om yTep-
DeH je kapnotun 46,XY,t(4;11)(q21:q23)[2]/62-82,XY,t(4;11)[18],
a MoJieKynapHa aHanu3a je nokasana MLL-AF4 peapaHXmaH.
BonecHuK je neyeH HYUCKOMONEKYNaPHMM XEMapUHOM U MPOTO-
konom HyperCVAD. [leceTor faHa 04 noyeTKa Tepanuje jaBno ce
60nYy rpyavma, a Tpeher faHa of nojase 60/1a AnjarHOCTKOBaH
je AIM c eneBaumjom ST-cermeHTa y ogsoguma D1, D2, aVL, V5
1 V6 n micro q y D1. Ha exokapamorpadckom Hanasy yctaHo-
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BJbEHE CY XMMOKMHE3Vja fIeBe KOMOPE 1 ejeKLiMoHa dppakLuja
op 39%. Kaga ce 60necHMK NoTNyHO ONopasio, MPMeHbeH je
Apyru umknyc npotokona HyperCVAD. HakoH anna3suje KocTHe
CP>KW Yy KOHTPOJIHOM acnupaTty NMoHoBO je HaheHo 88% 6nacta
MOHO6IaCcTHOT U3refa, WTO je NoTBPHEHO 1 MPOTOYHOM LIUTO-
MeTpujoM. bonecHuK je farbe neyeH pasHUM KombrHaLmjama
XemotepaneyTika KojuMa ce Huje Morna noctuhu pemucuja,
Te je Ha Kpajy NpMMerbeHa nanvjaTMeBHa Tepanuja camo pagu
CMatberba TYMopcKe mMace. [NaupjeHT je ympo net MeceLy HakoH
noyetka 6onecTu.

3akmyuak AVIM kog mnaavx ogpacnvx ocoba ¢ akyTHOM ney-
KEMMjOM je peTKa KOMMIMKaLja Koja ce jaB/ba Koj 6onecHKa
C M3pa3nTo BUCOKMM 6pojem SieyKoLuTa y3 NpPUCYCTBO APYrX
TpomboreHx GpakTopa, Kao LUITO Cy eKcrpecuja agXxe3roHor Mo-
nekyna CD56 Ha neykemujckum henunjama, A¥CEMMHOBaHA VH-
TpaBacKylapHa Koarynauuja, TpombouuToneHuja u uHdexuuja.
Jleuetrbe AVIM ce BpLIM NPYMEHOM aHTUTPOMOOLIUTHE M aHTU-
KoarynaHTHe Tepanuje, MHBa3vBHVIM NpoLiefiypama y3 OAroBa-
pajyhy npunpemy, 1 To yKOnMKo je pey o minahem 60necHuKy,
Y 3aBMCHOCTY Of NPOLIEHe NCXOAA Nleyetba akyTHe fieykemuje.

KmbyuHe peum: akyTHa MujenovHa neykemuja; 6on y rpyamma;
MH)aAPKT MMOKappa; XeMnoTepanuja; eyKoLuTosa
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