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Abstract

Introduction: Chronic lymphocytic leukemia (CLL) is a malignant proliferation of mature, differentiated
B-lymphocytes associated in 1-5 % of cases with immune thrombocytopenia (ITP). The effect of ITP on the
clinical outcome and survival of patients with CLL is controversial.

Materials and methods: The aim of the study was to evaluate the level of oxidative stress in patients with
CLL and ITP and how this complication influences the patient’s survival.

We studied 84 patients with CLL hospitalized in the Clinic of Hematology from Craiova (Romania) between
2007 and 2012 .The global oxidative status at diagnosis of CLL and in the presence of ITP by FORT (Free
Oxygen Radicals Testing) and FORD (Free Oxygen Radical Defence) tests and the median overall survival in
patients with CLL - stage C immune disease compared to stage C-infiltrative disease were evaluated.

Results and discussion: All patients with CLL had low FORD values and high FORT values and there were
no significant differences of oxidative stress between patients with CLL and ITP compared to patients with CLL
without ITP. Oxidative stress did not play a role in the appearance of ITP in CLL. The patients with CLL-stage C

immune disease had a longer survival than the patients with CLL-stage C infiltrative disease.
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Introduction

Chronic lymphocytic leukemia (CLL) is a malignant proliferation
of mature, differentiated lymphocytes, mostly of B-cell origin with
distinctive immunophenotype: ie, Smlg, CD5+, CDI19+, CD20+,
CD23+ in peripheral blood, bone marrow, lymph nodes, other
lymphoid tissues [1]. CLL is sometimes associated with autoimmune
cytopenia: autoimmune hemolytic anemia (5-25% of cases) and
immune thrombocytopenia (1-5% of cases) [2-4]. In CLL, immune
thrombocytopenia is associated with unmutated IgVH (a positive direct
antiglobulinic test) and the development of autoimmune hemolytic
anemia [5]. The effect of immune thrombocytopenia on the clinical
outcome and survival of patients with CLL is controversial [2,4,5].

All biochemical reactions occuring in human cells involve the
transfer of electrons and therefore Reactive Oxygen Species (ROS)
are formed. They also have beneficial effects (mitochondrial function,
immune response) but when they become excessive, they are
significantly destructive and attack fundamental cellular components
(DNA, lipids, proteins). Oxidative stress, defined as an imbalance
between ROS and antioxidants, is involved in many physiological
and pathophysiological processes: intercellular communication,
proteinkinase activity, mitochondrial structure and function, genic
expression, cell growth, immune response, apoptosis, carcinogenesis
etc. [6-8]. In the secondary immune thrombocytopenia from HIV
and HCV infections, specific antibodies for GP49-66 are involved,
antibodies which have the ability to induce reactive oxygen species
through the activation of 12-lipooxygenase and NADPH-oxidase,
leading to complement-independent platelet fragmentation [5,9].

Materials and Methods

The aim of the study was to evaluate the level of oxidative stress
in patients with CLL and immune thrombocytopenia and how this
complication influences the patient’s survival. We studied 84 patients

with CLL hospitalized in the Clinic of Hematology from Craiova
(Romania) between 2007 and 2012 (informed consent obtained). The
patients were distributed by age, sex, environmental medium, Binet
staging. The diagnosis of CLL was made according to the national
protocol and whenever possible the diagnosis was confirmed by
flowcytometry. The diagnosis of immune thrombocytopenia was based
on the presence on unexplained fall in platelet count to <100 x 10°/L and
on more than two indirect parameters: evidence of normal bone marrow
function (normal or increased megakaryocytes in bone marrow), no
splenomegaly and no chemotherapy within the last month. Patients had
stage C Binet infiltrative when platelet counts to <100x10°/L and bone
marrow aspirate revealed more than 80% lymphocytes. Other biological
parameters determined were: haemoglobin value, reticulocyte count,
leukocyte count and leukocyte formula, peripheral blood smear, bone
marrow smear, erythrocytes sedimentation rate, unmutated IgVH
in some cases, bilirubin levels, lactate dehydrogenase and serum
B2microglobuline. The antileukemic treatment was represented by
chlorambucil+Prednisone, CVP-regimen (Cyclophosphamide+Oncov
in+Prednisone), Fludarabine alone, RFC-regimen (Rituximab+Fluda
rabine+Cyclophosphamide) or alemtuzumab (anti CD52 monoclonal
antibody). The global oxidative status was evaluated at all patients at
the diagnosis of CLL and in the presence of immune thrombocytopenia
using a CR3000 analyser (Callegari S.p.A). Both free oxygen radicals
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and antioxidant status were evaluated by FORT (Free Oxygen Radicals
testing) and FORD (Free Oxygen Radical Defence) tests from a single
drop of capillary blood. The FORT test is a colorimetric test based
on the ability of transition metals (iron) to catalyse the breakdown
of hydroperoxides into derivative radicals according to the Fenton
reaction. Once formed in cells, ROOH maintain their chemical
reactivity and oxidative capacity to generate proportional amounts
of alkoxyl and peroxyl radicals which are preferentially trapped by a
suitably buffered chromogen and develop, at 37°C, a coloured fairly
long-lived radical cation photometrically detectable. The intensity of
the colour correlates directly with the quantity of radical compounds
and can be related to the oxidative status of the sample. The normal
ranges of FORT are up to 310 Fort units or 2.3 mmol/L H,0,. The
FORD test is a colorimetric test based on the ability of antioxidants
present in plasma to reduce a preformed radical cation. A stable and

colored cation detectable photometrically at 505 nm is formed in the
presence of an acidic buffer, at pH of 5.2, and a suitable oxidant, FeCl,.
Antioxidant compounds present in the sample reduce the radical cation
of the chromogen quenching the color and producing a decoloration
of the solution proportional to their amount in the sample. The
normal ranges of FORD are 1.07-1.53 mmol/L. Statistical analysis was
performed and a P value < 0.05 was considered significant.

Results and Discussion

The median age of the patients with CLL was of 65 years; the sex
ratio M/F=1.62, revealed a male predominance. Repartition on the
stage of disease showed: CLL-stage A = 23 patients, CLL-stage B =
30 patients, CLL-stage C= 31 patients (Table 1). In 31% of cases, the
diagnosis was confirmed by flowcytometry. The patients were treated
with corticosteroids alone = 4 cases, chlorambucil+Prednisone=16

No. pts Age (years) Gonder CLLstage = Hbx10%L  WBC x10%L  PIt x10°/L F?ﬂfﬁ‘;‘;,'l‘_‘)es F‘(’n'f;‘f;;t)es s(;‘;'r‘;";'
1. 58 M A 1.9 231 252 0.98 28 78
2. 72 M c 10.3 409 102 0.62 34 3.4
3 63 M B 12.1 54.9 368 0.73 3.0 6.1
4 67 M c 10.9 3138 74 0.39 29 6.6
5. 51 M B 12.8 65.6 343 0.84 26 8.2
6. 79 F B 114 207 322 0.59 33 53
7. 66 F A 12.2 33.8 245 0.57 27 9.2
8. 64 F A 124 36.2 336 0.86 24 14.6
9. 81 M B 12.0 4138 265 0.94 36 32
10. 49 M B 12.3 48.4 373 0.82 34 7.9
1. 62 F A 16 253 381 1.02 25 12.2
12. 68 F c 109 38.2 104 0.67 3.2 55
13. 59 F B 1.4 458 264 0.56 27 6.8
14 71 M B 16 575 364 0.83 36 45
15. 68 M c 1.0 36.6 98 0.56 27 48
16 62 M A 123 27.9 372 0.85 25 12.1
17. 73 F c 9.7 493 80 0.41 33 29
18. 57 M B 126 489 208 0.84 36 6.8
10. 69 F c 10.8 53.1 92 0.71 38 5.9

20. 61 M B 125 573 274 0.62 34 46
21. 74 M c 96 442 104 0.54 26 28
2. 56 M B 12,4 46.9 365 0.86 38 56
23, 72 F c 9.4 431 88 0.66 3.4 25
2. 58 M B 12.7 446 382 0.92 34 6.9
25, 66 M c 8.0 302 68 0.84 35 6.9
26. 64 M A 12.0 36.2 363 0.56 28 10.3
27. 70 M c 10.4 46.0 94 0.58 2.9 34
28 60 F A 122 298 366 0.98 24 14.2
2. 47 M B 124 56.9 343 0.64 29 6.5
30. 83 M A 12.1 38.3 274 0.46 37 34
31, 70 M c 108 65.3 80 0.49 3. 45
32. 59 F B 1.9 37.9 246 0.69 34 6.8
33, 63 F A 123 27.0 386 0.87 3.1 8.2
34. 68 F B 1.4 437 342 0.83 3.7 49
35. 74 M c 9.2 4741 114 0.55 25 2.7
36. 56 F A 1.8 202 304 0.56 24 19.1
a7. 56 M A 124 34.6 383 0.77 27 1.1
38 74 M c 10.6 67.2 78 0.72 34 28
39. 51 F B 1.8 413 374 0.84 38 46
40. 79 M B 1.9 58.5 376 0.52 38 36
41. 68 M A 12.0 33.4 342 0.76 3.2 93
2. 62 F B 16 485 283 0.99 36 58
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43. 71 F C 10.4 43.0 103 0.96 2.6 25
44, 59 M B 11.6 54.0 352 0.87 2.8 7.8
45. 73 M C 9.6 441 96 0.52 3.2 24
46. 57 M B 11.8 48.3 294 0.78 3.5 5.6
47. 77 M C 10.8 60.2 84 0.81 34 2.2
48. 53 F A 11.5 29.4 384 1.01 2.6 7

49. 69 M C 10.0 46.1 112 0.75 2.8 3.1
50. 61 F A 11.6 27.8 343 0.98 25 11.2
51. 53 M B 12,1 78.3 274 0.94 3.6 6.8
52. 77 F A 11.4 45.6 232 0.65 3.2 54
53. 64 F A 1.7 334 345 0.78 24 13.1
54 66 F C 9.5 50.2 78 0.84 2.9 3.2
55. 50 M B 11.6 43.6 236 0.89 3.0 6.9
56. 80 M C 10.3 48.9 94 0.74 34 2.1
57. 55 M B 11.9 37.8 324 0.98 3.8 4.6
58. 75 M C 10.0 41.2 88 0.66 2.8 2.8
59. 61 F B 11.2 43.6 245 0.48 3.5 5.9
60. 64 M A 11.9 56.0 324 0.78 2.6 10.2
61. 69 F C 9.8 40.1 72 0.82 3.2 35
62. 66 M B 11.2 47.6 263 0.56 3.6 45
63. 73 M C 10.2 30.1 91 0.72 3.0 2.3
64. 57 M B 12.6 47.3 326 0.75 3.5 5.3
65. 76 M C 9,7 53.2 79 0.68 3.3 2.6
66. 54 M A 12.5 25.7 394 0.66 24 17
67. 70 M C 10.5 37.0 93 0.56 2.9 3.3
68. 61 F A 1.4 28.9 325 1.02 2.8 12.2
69. 69 F B 121 34.9 348 0.88 3.4 6.1
70. 60 M B 12.2 49.3 347 0.96 3.3 6.3
71. 72 M C 10.1 45.1 91 0.78 2.6 2.8
72. 58 F A 11.9 34.2 324 1.02 24 17
73. 56 M B 12.4 48.9 353 0.78 2.9 5.1
74. 74 F C 9.4 48.4 89 0.56 3.0 21
75. 75 M C 10.9 44.8 104 0.52 2.9 2.6
76. 55 M B 12.4 46.6 348 0.65 3.4 6.1
77. 70 M C 10.6 40.2 106 0.54 3.1 3.1
78. 62 F A 12.2 28.4 325 0.76 3.2 5.4
79 60 F A 11.9 34.6 389 0,98 2.6 1.4
80 68 F C 9.9 453 82 0.82 3.3 3.5
81. 78 M C 10.0 45.4 85 0.57 3.2 2.7
82. 52 M B 12.4 34.9 354 0.78 3.6 53
83. 57 F A 11.8 26.9 389 0.99 2.6 10.8
84 73 M C 9.1 45.8 78 0.48 2.8 2.9

Table 1: Characteristics of patients with CLL.

cases CVP = 19 cases, Fludarabine alone=10 cases, RFC=8 cases,
alemtuzumab=4 cases. Immune thrombocytopenia was present in
six patients (7.1%). In all cases, it appeared during the evolution of
CLL. One patient (1.2%) associated autoimmune hemolytic anemia
(hemoglobin value=8g/dl, reticulocytes = 3%, test Coombs positive,
LDH=384 u/L, indirect bilirubin=1.8mg/dl). 23% of patients with CLL
had unmutated IgVH (1.2% associated with ITP, 21.8% without ITP).
The patients with CLL-stage C and immune thrombocytopenia were
treated with corticosteroids alone in four cases and corticosteroids
and chemotherapy in two cases, switching from stage C in stage A in
three cases and stage B in one case. The patients with C stage infiltrative
(25 cases) were treated with chemotherapy and the switch from stage
C to stage B was realised in three cases. All patients had at diagnosis
low FORD values (between 0.39-0.96 mmol/L) and high FORT values
(between 2.5-3.8 mmol/L) (Table 2). There are no significant differences
in the level of oxidative stress between CLL patients with or without ITP.
The bone marrow infiltration with lymphocytes was higher at patients

with CLL-stage C infiltrative (84%) versus patients with CLL-stage C
immune (49%). The median follow up for patients in both groups was
of three years. The median overall survival of patients with CLL-stage
A was 11.2 years, CLL-stage B was 5.7 years and CLL-stage C was 3.2
years. In patients with CLL-stage C immune overall survival rate was of
5.7 years versus 2.8 years in patients with CLL-stage C infiltrative.

The latest studies of autoimmune cytopenia in CLL revealed an
incidence ranging between 4.5 and 10% [3,4,10]. In our small study, the
prevalence was of 7% and in agreement with these studies.

Old age, male sex, a high absolute lymphocyte count, advanced
stage of disesase, purine analogs treatment have been associated with
autoimmune cytopenia and a high bone marrow infiltration and
elevated 2 microglobuline with CLL-stage C infiltrative compared to
CLL -stage C immune [2,4,11]. Our data showed an old age, male sex
and a high blood absolute lymphocyte count higher in patients with
CLL and immune thrombocytopenia versus patients without immune
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CLL-stage C immune | CLL-stage C infiltrative
(6 patients) ( 25 patients) P

Median age ( years) 68 73 NS
Male (%) 66 70 NS
Hb x10°%/L 10.4 10 NS
WBC x10°/L 34.2 451 NS
absolute Ly count

<1091 18.6 254 NS
Platelet count x10°/L 86 91 NS
OB/oone marrow infiltration 49 84 0.05
2microglobuline

>2.5mg/L% 50 70 0.01
FORD values (mmol/L) 0.39-0.84 0.41-0.96 NS
FORT values (mmol/L) 2.7-3.8 25-34 NS
Overall survival, years 5.7 2.8 0.01

Table 2: Characteristics of patients with CLL-stage C immune disease versus CLL-
stage C infiltrative disease.

thrombocytopenia, but not statistically significant. An increased
bone marrow infiltration and a high B2 microglobuline level were
significantly higher in patients with CLL-stage C infiltrative compared
to CLL-stage C immune.

The mechanisms underlying immune thrombocytopenia in
chronic lymphocytic leukemia are still unclear; nevertheless, the
immune system is perturbed by the patient’s underlying condition
before the onset of immune thrombocytopenia [12] and is significantly
associated with unmutated IgVH and the development of autoimmune
hemolytic anemia [5]. Oxidative stress is involved in the perturbation
of the immune response and might be involved in the development of
CLL. On the other hand, in the secondary immune thrombocytopenia
from HIV and HCV infections, it was revealed that specific antibodies
for GP49-66 have the ability to induce reactive oxygen species leading
to complement-independent platelet fragmentation [5,9]. We tried to
evaluate the level of oxidative stress in patients with CLL and establish if
CLL is an oxidative stress related disease or whether only CLL patients
with ITP have any defects of the imbalance of oxygen metabolism. All
patients had low FORD values (between 0.39-0.96 mmol/L) and high
FORT values (between 2.5-3.8 mmol/L) and there were no significant
differences of oxidative stress between patients with CLL and immune
thrombocytopenia compared to patients with CLL without immune
thrombocytopenia. Microarray data specifying gene difference in
oxygen stress between CLL with and without ITP were not available.

The effect of immune thrombocytopenia on the clinical outcome
and survival of patients with CLL is controversial [2,4,5]. Some
studies revealed a poor survival rate at patients with CLL and immune
thrombocytopenia than other patients with CLL, and this effect appears
independently of the common clinical prognostic variables [4,5]. Other
studies showed that the development of autoimmune cytopenia at any
time during the evolution of the disease did not influence prognosis
significantly [10]. The patients with CLL-stage C immune disease had
a significantly better survival rate than the patients with CLL-stage C
infiltrative disease (median survival rate of 7.4 years versus 3.7 years)
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[10], data which was also confirmed by our results (median survival
rate of 5.7 years in patients with CLL-stage C immune disease versus
2.8 years in patients with CLL-stage C infiltrative disease). These results
may be the effect of the response to corticosteroid therapy in immune
thrombocytopenia and of the shifting to an early stage of disease.

In our short group of patients, oxidative stress did not play a role
in the appearance of immune thrombocytopenia in CLL. Our small
number of patients has not enough power to get conclusive results
for the contribution of oxidative stress in the development of ITP in
CLL patient; therefore, future research on a bigger group of patients is
necessary for a significant conclusion. The patients with CLL-stage C
immune disease had a longer survival rate than patients with CLL-stage
C infiltrative disease.
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