
Letters to the Editor

haematologica/journal of hematology vol. 88(09):september 2003 1079

Five patients relapsed at different points (from 8 to 27
months) of CR. In three of them (n. 4, 8 and 9) consistent PCR-
positivity was observed during 10, 20 and 15 months before
relapse. One patient (n. 11) was not studied during the 4
months before relapse. Thus, no patient relapsed after durable
PCR-negativity.

We believe that durable PCR-negativity for the AML1-ETO
transcript in CR is a good prognostic sign. Perhaps patients
with durable PCR-negativity do not need frequent quantita-
tive testing but conversion from durable PCR–negativity to
positivity in at least two assays needs to be checked by quan-
titative assay.

Combination qualitative and quantitative RT-PCR might be
reasonable for monitoring MRD in the t(8;21) AML. To confirm
this conclusion and our suggestion for frequent monitoring a
larger series of patient must be studied. Studies of PB, as an
alternative to BM, for frequent testing is of current interest.
This strategy also needs further investigation.
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T-immunophenotype is associated with an increased
prevalence of thrombosis in children with
acute lymphoblastic leukemia. A retrospective study

We retrospectively evaluated the prevalence of sympto-
matic thrombotic events in a group of 2,318 children with
acute lymphoblastic leukemia (ALL) and found that it was
0.95%. The prevalence of thrombotic events in the patients
with T-ALL was significantly greater than in the patients
with non-T-ALL.
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Thrombosis is a frequent complication in children with
acute lymphoblastic leukemia (ALL). The reported incidence
ranges from 2.4% to 11.5%.1-3 The etiopathogenesis of this
complication is thought to be multifactorial: a pro-thrombot-
ic effect of leukemic cells, genetic predisposition, central
venous catheters, septic complications and use of drugs such
as steroids and L-asparaginase (L-Asp) have all been impli-
cated.1-4 Previously we reported a greater amount of throm-
bin generation, especially in children with T-ALL.5

The aim of this study was to evaluate the prevalence of
symptomatic thrombotic events in a cohort of ALL children
treated according to the AIEOP (Associazione Italiana di Ema-
tologia ed Oncologia Pediatrica) ALL ’91 and ’95 studies,
including L-Asp combined with prednisone during induction
therapy,5 and to examine the role of the T-ALL immunophe-
notype in this phenomenon. 

Symptomatic thrombotic events were retrospectively eval-
uated by means of a questionnaire sent to each of the 43
AIEOP centers. Data were collected about the number, type
and time of occurrence of the thrombotic events, the biolog-
ical and immunologic features of each case, as well as the
patients’ clinical characteristics. Twenty-seven centers out of
43 (63%) answered and returned their questionnaires. Data
were expressed as percentage, mean and median values and
analyzed by Fisher’s exact test and the Mann Whitney U test. 

Out of a total of 2,318 ALL cases considered, 22 sympto-
matic thrombotic events (0.95%), confirmed by appropriate
imaging methods, were reported in 22 patients (13 males and
9 females, mean age 8 years, range 3-16 years). The throm-
botic events were: 11 cerebral venous thromboses, 10 deep
venous thromboses (1 of the superior vena cava, 3 of the sub-
clavian vein, 4 of the femoral vein, 2 of the popliteal vein) and
one case of pulmonary thromboembolism. The main charac-
teristics of the study population are reported in Table 1. In all
cases family history for thrombosis was negative. Seventeen
thrombotic events (77%) were reported during induction, 4
during re-induction and 1 during consolidation. The immuno-
phenotype subgroups were T-ALL (n=6), common (n=13), pre-
pre B (n=2), and pre B (n=1). The prevalence of thrombotic
events in the T-ALL patients was significantly higher than in
the non-T-ALL patients [6/269 (2.23%) vs 16/2049 (0.78%);
p< 0.05]. Five thromboses in the T-ALL patients occurred dur-
ing induction and 1 during consolidation. The prevalence of
thrombotic events during the induction phase in T-ALL
patients was still higher than in the non-T-ALL patients [5/269
(1.86%) vs 12/2049 (0.58%); p < 0.05]. Moreover, T-ALL
patients had a higher number of white blood cells at the onset
of the disease than did non-T-ALL subjects (median values:
26,100/mm3 and 6,330/mm3, respectively; p < 0.05).

E. Coli L-Asp was used in 9/22 cases (Crasnitin® in 7 cases
and Medac® in 2 cases), Erwinia L-Asp was used in 10/22 cas-
es and for 3/22 cases the L-Asp source was not reported. Ten
of the 22 events were reported in subjects with a central
venous line (CVL). However, the influence of these two latter
risk factors (L-Asp and CVL) was not evaluated because no
information was obtained on their presence in the group of
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patients without thrombosis. In the light of recent reports,6
tests for genetic prothrombotic polymorphisms were per-
formed in 14 of the 22 cases. Fifty percent of the investigat-
ed cases (7 out of 14) had thrombophilic risk factors, as report-
ed by others:2 one patient was heterozygous for factor V
G1691A mutation (7%), one patient had the heterozygous
prothrombin G20210A variant (7%), while 5 exhibited the TT
677 MTHFR genotype (36%). These prevalence rates were not
different from those that have been previously reported in a
control group of healthy Italian subjects,5 except for the MTH-
FR genotype which was more frequent  and whose prothrom-
botic role is still debated.7 None of the patients with throm-
bosis had concomitant liver or renal insufficiency, sepsis or
shock. 

Our results show that the prevalence of thrombotic events
is higher in children with T-ALL than in children with other ALL
immunophenotypes. Previously we found that the T- cell sub-
type of ALL might represent an additional risk factor for throm-
bosis because of the greater amount of thrombin observed to
be generated in these cases.5 This activated blood coagulation
may involve the action of T lymphoblast cells and other
mononuclear cells producing cytokines, such as tumor necro-
sis factor-α, interferon γ, and interleukin-1.8-10 In conclusion,
our data suggest that children with T-ALL may have an
increased risk of thrombotic complications. Additional
prospective clinical and biological studies are currently in
progress to establish the specific mechanisms underlying this
phenomenon.

Paola Giordano, Nicola Santoro, Giovanni  Carlo Del Vecchio,
Carmelo Rizzari,* Giuseppe Masera,* Domenico De Mattia 

Dipartimento di Biomedicina dell’Età Evolutiva, University of
Bari, Italy; *Clinica Pediatrica, University of Milano-Bicocca,

Monza, Italy
Key words: thrombosis, ALL, children.
Correspondence: Domenico De Mattia, MD, Dipartimento di
Biomedicina dell’Età Evolutiva, University of Bari, Policlinico,
P.zza G. Cesare 11, 70124 Bari, Italy. Phone: international
+39.80.5592276. Fax: international +39.80.5592290.
E-mail: demattia@biotaev.uniba.it

Acknowledgments: we gratefully thank the following
investigators for case reporting: E. Barisone (Torino),
L. Lo Nigro  (Catania), C. Micalizzi (Genova), L. Notarangelo
(Brescia), A. Prete (Bologna), M. Sardaro (Bari), P. Zucchetti
(Perugia). We also thank A. Pession and R. Rondelli (Bologna)
for the database management, G. Basso (Padova) for the
immunophenotype data, and G. Finazzi (Bergamo) for his
useful counseling.

Manuscript processing
This manuscript was peer-reviewed by two external refer-

ees and by Professor Mario Cazzola, Editor-in-Chief. The final
decision to accept this paper for publication was taken joint-
ly by Professor Cazzola and the Editors. Manuscript received
July 4, 2003; accepted July 15, 2003.

References

1. Mitchell L, Hoogendoorn H, Giles AR, Vegh P, Andrew M.
Increased endogenous thrombin generation in children
with acute lymphoblastic leukemia: risk of thrombotic
complications in L-asparaginase induced antithrombin
III deficiency. Blood 1994;83:386-91.

2. Nowak-Gottl U, Wermes C, Junker R, Koch H, Schobess
R, Fleischhack G, et al.  Prospective evaluation in the
thrombotic risk in children with acute lymphoblastic
leukaemia carrying the MTHFR TT677 genotype, the pro-
thrombin G20210A variant, and further prothrombotic
risk factors. Blood 1999; 98:1595-9.

3. Mauz Korholz C, Junker R, Gobel U, Nowak-Gottl U. Pro-
thrombotic risk factors in children with acute lym-
phoblastic leukaemia treated with delayed E. Coli
asparaginase (COALL-92 and 97 protocols). Thromb
Haemost 2000;83:840-3. 

4. Nowak-Gottl U, Ahlke E, Fleischhack G, Schwabe D,
Schobess R, Schumann C, et al. Thromboembolic events
in children with acute lymphoblastic leukemia (BFM pro-
tocols): prednisone versus dexamethasone administra-
tion. Blood 2003;101:2529-33.

5. Giordano P, Del Vecchio GC, Santoro N, Arcamone G,
Coppola B, Altomare M, et al. Thrombin generation in
children with acute lymphoblastic leukaemia: effect of
leukaemia immunophenotypic subgroups. Pediatr Hema-
tol Oncol 2000;17:667-72.

6. De Stefano V, Rossi E, Paciaroni K, Leone G. Screening for
inherited thrombophilia: indications and terapeutic
implications. Haematologica 2002;87:1095-108.

7. Lane DA, Grant PJ. Role of hemostatic gene polymor-
phisms in venous and arterial thrombotic disease. Blood
2000;95:1517-31.

8. Barrowcuffe TW, Fabregas P, Cancelas J, Rabaneda M,
Pickering W, Gray E, et al. Promotion of factor Xa and
thrombin generation  by T lymphoblastoid cell lines.
Haemostasis 2001;31:72.

9. Dreyfus M. Thrombotic risk in children with acute lym-
phoblastic leukemia. Pediatr Hematol Oncol 2001;18:233-
4. 

10. Zucchella M, Pacchiarini L, Meloni F, Ballabio P, Sapori-
ti A, Brocchieri A, et al. Effect of interferon α, interferon
γ and tumor necrosis factor on the procoagulant activi-
ty of human cancer cells. Haematologica 1993;78:282-
6.

Table 1. Main characteristics of the study population.

Subjects with Subjects without
symptomatic thrombosis symptomatic thrombosis

No. (% of total) 22 (0.95) 2296

Age (y, mean) 8 n.e.

Sex 13 M 9 F n.e.

Family history Negative n.e.

T-ALL (% of total T-ALL) 6 (2.23) 263

Non-T-ALL (% of total non-T-ALL) 16 (0.78) 2033

Presence of CVL 10 n.e.

*Factor V Leiden 1 n.e.

*Prothrombin mutation 1 n.e.

*MTHFR mutation 5 n.e.

*Data from only 14 cases out of 22.  n.e.: not evaluated




