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Streszczenie

Wstep. Analogi zasad purynowych sa chemioterapeutykami stosowanymi w leczeniu nowotwordw uktadu limfoprolifera-
cyjnego. Znajomos$¢ ich wptywu na ukfad krazenia jest niewielka. Wspoétczesne metody oceny uktadu sercowo-naczyniowe-
go pozwalaja na wiarygodng ocene kardiotoksycznosci powyzszej grupy lekéw.

Cel. Celem pracy jest przedstawienie wynikdéw wtasnych badan dotyczacych kardiotoksycznosci analogow puryn.

Materiat i metody. W Oddziale Hematologii i Transplantacji Szpiku obserwowano 8 pacjentéw w wieku od 51 do 75 lat
(mediana wieku — 63 lata), u ktérych zastosowano chemioterapie z zastosowaniem analogéw puryn. W tej grupie byto 7
mezczyzn i 1 kobieta. Wskazaniami do chemioterapii byty: przewlekta biataczka limfocytowa i biataczka wtochatokomérkowa.
Obserwacja objeta 3 cykle chemioterapii. Pacjenci poddani zostali badaniu fizykalnemu z oceng podstawowych parame-
trow dotyczacych uktadu sercowo-naczyniowego (cisnienie tetnicze, czesto$¢ akcji serca, oznaki niewydolnosci krazenia, tj.
obrzeki konczyn dolnych, rzezenia nad polami ptucnymi, powiekszenie watroby), elektrokardiograficznemu, echokardiogra-
ficznemu (oceniano funkcje skurczowa i rozkurczowa miesnia lewej komory serca). Dodatkowo wykonano badania bioche-
miczne (troponina | i NT-proBNP). Ocena wszystkich badan zostata przeprowadzona przed rozpoczeciem leczenia chemio-
terapeutycznego i po 3 cyklach leczenia.

Wyniki. Okres obserwacji obejmowat 3 kursy leczenia chemioterapeutycznego (3-4 miesigce). W zakresie badania fizykal-
nego, elektrokardiograficznego, echokardiograficznego oraz oceny stezenia troponiny | u zadnego z pacjentéw nie stwier-
dzono istotnych zmian mogacych $wiadczy¢ o kardiotoksycznosci analogow zasad purynowych. Wyniki powyzszych badan
przeprowadzonych przed rozpoczeciem leczenia oraz po chemioterapii nie réznity sie w istotny sposéb. U 63% pacjentow
stwierdzono podwyzszone stezenie NT-proBNP po leczeniu chemioterapeutycznym.

Whnioski. Analogi zasad purynowych okazaty sie lekami bezpiecznymi pod wzgledem wptywu na uktad sercowo-naczy-
niowy w ocenie obejmujacej kilkumiesieczny okres ich stosowania. Wyniki badan NT-proBNP wymagajg dalszej oceny.
Ze wzgledu na szerokie wskazania do stosowania analogéw puryn uzasadnione sg dalsze badania na kardiotoksycznoscig
tej grupy lekéw. Metody oceny wptywu analogéw puryn na uktad sercowo-naczyniowy sg fatwo dostepne i moga by¢ stoso-
wane we wszystkich osrodkach stosujgacych leczenie chemioterapeutyczne.

Stowa kluczowe: analogi zasad purynowych, kardiotoksyczno$¢, nowotwory uktadu limfoproliferacyjnego

Summary

Introduction. Purine analogues are chemotherapeutics widely used in treatment of lymphoproliferative neoplasms. Knowl-
edge of their influence on cardio-vascular system is small. Contemporary methods give us an opportunity of reliable assess-
ment of cardio-vascular system.

The aim of the study was presentation of the results of our research on cardiotoxicity of purine analogues.

Material and methods. 8 patients were observed in the Department of Hematology and Bone Marrow Transplantation.
Age of patients ranged from 51 to 75 (median — 63 years). There were 7 men and 1 woman. They were treated with purine
analogues because of chronic lymphocytic leukemia and hairy cell leukemia. Observation lasted for 3 cycles of chemother-
apy. We performed physical examination with assessment of basic parameters of cardio-vascular system (blood pressure,
heart rate, symptoms of cardiac failure such as: peripheral edema, lung examination, liver enlargement), ECG, ECHO (with
assessment of systolic and diastolic function of left ventricle). We also performed biochemical assessments (troponin | and
NT-proBNP). All assessments were performed before we started the treatment and after 3 cycles of chemotherapy.
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Results. We observed patients for 3 cycles of chemotherapy (3-4 months). We didn’t found any symptoms suggesting
cardiotoxicity of purine analogues in physical examination, ECG, ECHO or troponin | assessments. Results of our research
before and after chemotherapy didn’t differ fundamentally. 63% of patient had elevated NT-proBNP level.

Conclusions. Purine analogues turned out to be safe as far as cardiotoxicity is concerned during lasting few months ob-
servation. NT-proBNP results need farther research. Because of wide indications to use of purine analogues farther research
should be carried on. Methods of assessment of cardio-vascular system are easily accessible and can be performed in all

centers treating neoplasms.
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INTRODUCTION

Purine analogues (Fludarabine, Cladribine) are a
group of chemotherapeutics widely used in treatment
of patients suffering from neoplastic diseases of he-
mopoietic system, e.g. chronic lymphoproliferative neo-
plasms as single agents or in combined therapy (hairy
cell leukemia, chronic lymphocytic leukemia) or as a
part of treatment of acute leukemias (first line therapy
in acute myeloid leukemias or second and further lines
of therapy in resistant or recurrent acute lymphoblastic
leukemias). Most common adverse events observed
during treatment with purine analogues concern my-
elosupression (neutropenia, thrombocytopenia, ane-
mia). Most common non-hematologic adverse events
are: fever, dizziness, edema, fatigue, nausea, vomit-
ing, diarrhea, gastritis, skin rush, peripheral neuropa-
thy, vision disorders. Knowledge of their influence on
cardio-vascular system is limited. The first data about
cardiotoxicity of fludarabine were published by Spi-
rano et al. (1). They used fludarabine in the treatment
of chronic lymphocytic leukemia and observed symp-
toms of chronic heart failure in 8% of patients. In further
publications cardiotoxicity of purine analogues is only
mentioned (2, 3). However there are no complex stud-
ies of influence of purine analogues on heart muscle.
Nowadays we have many methods giving us an oppor-
tunity of reliable assessment of cardio-vascular system.
Physical examination, electrocardiography, biochemi-
cal examinations (troponin I, BNP, NT-proBNBP) and
echocardiography are the examinations which enable
us the assessment of cardio-vascular system (4-6).

Table 1. Characteristic of examined group.

AIM OF THE STUDY

The aim of the study was to assess the influence
of purine analogues on cardio-vascular system in
patients with lymphoproliferative neoplasms.

MATERIAL AND METHODS

We obtained the permission of Bioethics Committee of
Silesian Medical Academy (No. KNW/022/KB1/143/1/09).
Our research was conducted as statutory study
(No. KNW-1-128/09). 8 patients treated with purine
analogues (7 men and 1 woman) were observed in
the Department of Hematology and Bone Marrow
Transplantation in Katowice between 05.2010 and
02.2012. Age of patients ranged from 51 to 75 years
(median - 63 years). All of them signed ICF (Informed
Consent Form) before entering the study. The reason
of chemotherapy was chronic lymphocytic leukemia
(6 patients) or hairy cell leukemia (2 patients). Observa-
tion lasted for 3 cycles of chemotherapy which stands
for 3-4 months. Most of patients had concomitant dis-
eases — hypertension (5 patients), chronic coronary
heart disease (2 patients), diabetes type 2 (1 patient).
1 patient had the history of myocardial infarction. Most
of them had more than one concomitant disease.

Table below shows characteristics of examined
group (tab. 1).

We performed physical examination with assessment
of basic parameters of cardio-vascular system (blood
pressure; heart rate; symptoms of cardiac failure such as:
peripheral edema, lung examination, liver enlargement)
and electrocardiographic evaluation in all patients.

(yggfs) Gradner Treatment | Date of diagnosis Diagnosis Concomitant diseases
P.D. 59 M FC 03.2009 CLL ChCHD, MI, HT
K.K. 53 M R-FC 12.2010 CLL HT
M.S. 65 M FC 04.2010 CLL -
J.t. 69 M Cl 07.2011 HCL ChCHD, HT, DI
R.J. 53 M FC 05.2011 CLL HT
A.L. 65 M FC 05.2011 CLL -
F.W. 70 M CIC 03.2010 CLL -
H.M. 75 F Cl 09.2011 HCL HT

F — fludarabine; Cl — cladribine; C — cyclophosphamide; R - rituximab, CLL — chronic lymphocytic leukemia; HCL — hairy cell leukemia;
ChCHD - chronic coronary heart disease; Ml — myocardial infarction; HT — hypertension; DI — diabetes.
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The basic method of assessment of cardiac function
was done by transthoracic echocardiography (probe
2.5 MHz probe of Acuson Antares), which is the pre-
ferred method for the documentation of cardiac dys-
function at rest. This method is rapid, safe and widely
available. It is a non-invasive technique that allows the
assessment of chamber dimensions, wall thickness
and geometry, indices of regional and global, systolic
and diastolic ventricular function. It also provides the
assessment of valvular function.

In this study the examination comprised mono- and
two-dimensional echocardiography, conventional and
colour Doppler flow imaging (pulsed- and continuous
wave Doppler) and tissue Doppler echocardiography.
All of the cavities dimensions and wall thickness were
assessed. We also assessed the systolic and diastolic
function of left ventricle (LV). The ejection fraction of
LV was measured using the apical biplane Simpson’s
method. The systolic function was also assessed by
evaluation of regional contractility disturbances. The
evaluation of the diastolic function of LV was performed
according to the European Society of Cardiology
Working Group on Myocardial Function. The two hall-
marks of left ventricular diastolic dysfunction are im-
paired relaxation and decreased diastolic compliance.
The following measurements were done to assess the
diastolic function of LV: mitral inflow and pulmonary
vein flow, together with tissue Doppler imaging (TDI) of
mitral annulus velocity. The following parameters were
evaluated: E/A - ratio of early (E) and atrial (A) mitral
peak flow velocity, dtE — early mitral flow deceleration
time, S/D - ratio of pulmonary venous systolic (S) and
diastolic (D) peak flow, Ar — peak reverse flow velocity
at atrial contraction, Ar-A — difference between pulmo-
nary venous and mitral A wave duration. Schemes of

parameters used for echocardiographic evaluations
are shown on figures 1 and 2. The classification of Ca-
nadian Cardiovascular Society and European Society
of Cardiology criteria were applied for evaluation of
measured parameters (tab. 2, 3).

We performed biochemical assessments — Tro-
ponin | (cTnl) and NT part of brain natriuretic peptide
(NT-proBNP) in all patients. Laboratory assessments
were performed in blood plasma. 15 ml of venous
blood was collected each time we did biochemical
evaluations.

Assessments of physical examination, electro-
cardiography, laboratory tests and echocardiogra-
phy were performed twice: before start of treatment
and after 3 cycles of chemotherapy.

RESULTS

Physical examination. Physical examination carried
out before treatment showed normal blood pressure
and heart rate in all patients. None of them had any
symptoms of heart failure (there were no legs edema,
lung rales or liver enlargements). There were no sig-
nificant differences in physical examination performed
after 3 cycles of chemotherapy in all patients.

Electrocardiography. Electrocardiograms of all
patients, performed at the beginning and in the end
of observation, did not differ significantly. There were
no recent heart ischemia or important conductibility or
heart rhythm disturbances.

Echocardiography. Echocardiography provided in-
formation about both systolic and diastolic function of left
ventricle of heart muscle. 5 of 8 patients had no deviations
of systolic and diastolic function of left ventricle in both ex-
aminations performed before and after 3 courses of che-
motherapy with use of purine analogues. 2 patients had

Table 2. Diagnostic criteria for diastolic heart failure according to European Society of Cardiology.

Type of dysfunction Mitral inflow pattern

Diagnostic criteria

Slow isovolumetric left

) . Impaired relaxation
ventricular relaxation

IVRT
> 92 ms (<30 years)
> 100 ms (30-50 years)
> 105 ms (>50 years)

Slow early left ventricular

filling Impaired relaxation

E/A < 1.0 and DT > 220 ms (< 50 years)
E/A < 0.5 and DT > 280 ms (> 50 years)
S/D >1.5 (< 50 years)

S/D >2.5 (> 50 years)

Pseudonormalization
or restrictive pattern

Increased left ventricular
chamber or muscle stiffness

Ar > 35 cm/s
Ar-A > 30 ms

E/A —ratio of early (E) and atrial (A) mitral peak flow velocity, dtE — early mitral flow deceleration time, S/D - ratio of pulmonary venous systolic
(S) and diastolic (D) peak flow, Ar — peak reverse flow velocity at atrial contraction, Ar-A — difference between pulmonary venous And mitral

A wave duration, isovolumic relaxation time (IVRT).

Table 3. Canadian Cardiovascular Society diastolic dysfunction classification.

Degree of diastolic dysfunction E/A DT S/D Ar Ar-A
Normal 1-2 150-200 21 <0.35 <20
Mild (impaired relaxation) <1 > 200 >1 < 0.35 <20
Moderate (pseudonormalization) 1-2 150-200 0.5-1 >0.35 >20
Severe (restriction) > 2 < 150 <05 >0.35 >20
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Fig. 1. The three filling patterns: impaired relaxation, pseudonormalized filling and restrictive filling represent mild, moderate

and severe diastolic dysfunction, respectively.
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Fig. 2. A — Schema of mitral valve flow and the way of measurement of isovolumic relaxation time (IVRT) and deceleration
time (DT). B — Schema of pulmonary vein flow and the way of measurement of systolic (S) and disatolic (D) peak flow, peak
reverse flow velocity at atrial contraction (Ar) and mitral A wave duration time (Art).

impaired diastolic function of left ventricle in echocardiog-
raphy performed before start of treatment and there were
no significant changes in tests after 3 courses of chemo-
therapy. 1 patient (with concomitant diseases — chronic
coronary heart disease, myocardial infarction in the past
and hypertension) had impaired both systolic and diastol-
ic function of left ventricle in examination performed before
start of chemotherapy. They were stable during treatment.
Table 4 shows results of echocardiography evaluations.
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Biochemical and hormonal tests. Biochemical eval-
uations were performed before start of chemotherapy
and after 3 courses of treatment. We evaluated plas-
ma level of troponin | of all patients. They were within
normal range in evaluations performed in both time
points of the study. Evaluations of level of NT-proBNP
were more complicated. 3 patient had normal levels
of NT-proBNP in all evaluations. Another 3 patients
had normal levels of NT-proBNP before beginning of
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Table 4. Results of echocardiography.

. - IVRT DT Arv Art E’ A’ Important echocardiography
Patient initials | E/A (ms) (ms) S/D (cm/s) (ms) (m/s) (m/s) parametres
P.D. Ejection fraction (EF) 35%.
1. ECHO 0.88 112 160 1.2 0.20 200 0.10 0.14 | Increased LV EDD and LA diameter,
2. ECHO 0.72 85 116 0.92 0.30 202 0.10 0.14 probability of thrombus in LV
KK. Mild aortic regurgitation
1. ECHO 13 88 120 1.64 0.15 240 0.04 0.15 Vild mitral regurgitation'
2. ECHO 0.85 105 140 1.30 0.06 170 0.06 0.1 qurg :
M.S. Mild mitral regurgitation
1. ECHO 0.83 220 172 1.30 0.32 140 0.07 0.11 Mitral valveg ro?a o
2. ECHO 0.72 92 216 1.05 0.24 204 0.06 0.13 prolapse.
JE.
1. ECHO 0.80 120 210 1.80 0.05 400 0.06 0.12 -
2. ECHO 0.97 - - - - - 0.08 0.12
R.J.
1. ECHO 228 450 2.20 0.06 220 0.13 0.09 -
2. ECHO 110 180 1.70 0.21 270 0.12 0.06
AL.
1. ECHO 1.06 90 240 1.20 0.08 0.04 0.04 0.06 -
2. ECHO 1.08 - - - - - 0.04 0.06
F.W.
1. treatment 0.75 108 224 1.33 0.25 160 0.08 0.1 Mild aortic regurgitation.
2. treatment 0.92 130 210 0.90 0.20 200 1.07 1.16
H.M.
1. ECHO 2.05 120 360 1.80 0.22 120 0.07 0.10 -
2. ECHO 1.53 110 160 1.00 0.35 210 0.09 0.13

chemotherapy and elevated levels after 3 courses of
treatment. 2 patients had elevated levels of NT-proBNP
in both evaluations (increase over upper normal limit
in probes taken before treatment was 1,3x and 2,2x,
in probes taken after chemotherapy — 1,6x and 3,2x).
Among patients with elevated NT-proBNP after che-
motherapy increase of NT-proBNP ranged from 1,6x
to 3,7x (median — 3,2x). Elevated levels of NT-proB-
NP were found in both groups of patients- with and
without concomitant diseases of cardiovascular sys-
tem (chronic coronary heart disease, hypertension).
Because of limited number of patients in the study
group and short time of observation it is difficult to
make any general conclusions. Nevertheless eleva-
tion of this parameter, as important as physical ex-
amination, ECG or ECHO in diagnostics of chronic
heart failure (7), in most of our patients might suggest

Table 5. Results of biochemical evaluations.

cardiotoxic influence of purine analogues on heart
muscle. These results are very promising but reliable
estimation of its importance needs longer period of ob-
servation of a bigger group of patients. Table 5 shows
results of biochemical evaluations.

DISCUSSION

Chemotherapy in neoplastic diseases of hemopoiet-
ic system treatment, including lymphoproliferative neo-
plasms is associated with different adverse events. The
risk of adverse events occurrence depends on the type
of medicine, its dose, frequency of administration, co-
morbidities, personal sensitivity. The risk of symptom-
atic heart impairment is estimated at about 20% (8).
The drug toxicity on the cardiovascular system may
occur at any time of cytostatic treatment. One of the
publications described acute cardiotoxicity which oc-

. cTnl after 3 courses NT-proBNP before NT-proBNP after 3 cycles
Patients cTnl before treatment
initials (ng/ml) of chemotherapy treatment of chemotherapy
(ng/ml) (pg/ml) (pg/ml)
P.D. 0.003 0.00 - 110.1
K.K. 0.00 0.00 85.23 239.9
M.S. 0.01 0.00 48.33 460.8
NES 0.00 0.00 276.6 394
R.J. 0.00 0.00 88.58 34.25
AL 0.01 0.00 35.45 122.8
F.W. 0.004 0.00 71.44 428.7
H.M. 0.00 0.00 155.7 195.9
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curred soon after administration of the drug. Transient
heart rate disturbances (9-11), pericardial effusion (8),
occasionally acute left ventricle failure (9, 12) were usu-
ally observed. The other kind is subacute cardiotoxic-
ity which can occur after admission of the last dose
of medicine or in 30 months period after the treatment
completion. The symptoms inlcude slowly progressing
left ventricle failure and subsequently right ventricle in-
sufficiency (8, 13). At last cardiotoxicity may occur as
chronic (late), it appears one year or a few years after
admission of the treatment. The symptoms are: heart
ventricles impairment or chronic heart rate disturbanc-
es (8, 9). Out of all chemotherapeutics the best known
group of medicines with documented cardiotoxicity are
antracyclin antibiotics. There is also vast evidence on
harmful influence on heart muscle of other drugs includ-
ing alkylating agentsi.e.: cyclophosphamide, ifosfamide,
cisplatin as well as vinca alkaloids (vincristine, vinblas-
tine, vinorelbine), bleomycin or fluorouracil (8-16).

Purine analogues are used in many neoplastic
diseases of hemopoietic system. Mostly as com-
bined therapy with other drugs of potential cardio-
toxic influence on heart muscle (cyclopfosphamide
or antracyclin antibiotics). Most of the indications for
treatment with purine analogues are low grade lym-
phomas i.e.: chronic lymphocytic lymphoma, hairy
cell leukemia, mantle cell lymphoma. These dis-
eases usually appear in elderly patients with many
co-morbidities. Most of co-morbidities are diseases
of cardiovascular system. Among our patients more
than 60% suffered from cardiovascular diseases.
There is increasing amount of data that purine ana-
logues are potentially cardiotoxic (1-3). Knowledge
about its influence on cardiovascular system is very
important, especially when we realize that we use
them with other cardiotoxic agents to treat patients
with cardiovascular co-morbidities.

Nowadays we have many reliable methods of as-
sessment of cardio-vascular system including physi-
cal examination, biochemical tests (most important are
troponin | — sensitive marker of heart muscle necrosis;
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BNP and NT-proBNBP - agents of high negative pre-
dictive value for diagnosis of heart failure), electrocar-
diography, Holter ECG, echocardiography (with as-
sessment of heart muscle morphology, its systolic and
diastolic function), radioisotope methods such as ra-
dionuclide angiography or perfusion scintigraphy and
heart muscle biopsy- sensitive method of heart mus-
cle damage assessment. Physical examination, ECG,
echocardiography and biochemical tests appear to be
most important and widely available in the assessment
of cardiovascular system (4-8).

Biochemical evaluations of BNP and NT-proBNP
seem to be very interesting as far as assessment of
cardiovascular system of patients undergoing chemo-
therapy is concerned. They have been used as mark-
ers in diagnostics, risk assessment and monitoring of
treatment of heart failure and risk assessment in acute
coronary syndromes so far (6,17,18). Our investiga-
tions seem to show that BNP or NT-proBNP might help
us extract group of patients of higher risk of cardiotoxic
influence of not only purine analogues but also other
drugs used in treatment of hematologic neoplasms.
They also might help us monitor cardiotoxicity of that
treatment. We believe that further studies on that prob-
lem, including bigger group of patients in longer period
of time, should be continued.

CONCLUSIONS

1. In our evaluations purine analogues turned out
to be safe as far as cardiotoxicity is concerned.
NT-proBNP results and its importance require
longer evaluations in larger group of patients.

2. None of the patients stopped chemotherapy be-
cause of cardiotoxicity of purine analogues.

3. Because of broad indications for use of purine
analogues evaluation of its cardiotoxicity should
be continued.

4. Methods of cardiotoxicity assessment of purine
analogues are easily accessible and can be per-
formed in all sites treating patients with chemo-
therapy.
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