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Use of molecular techniques to confirm true
re-emergence of an original clone and to
track minimal residual disease in acute
lymphoblastic leukemia

We report the case of a young girl whose
acute lymphoblastic leukemia (ALL) recurred
as lymphoblastic lymphoma 6.6 years after
diagnosis. Analysis of minimal residual disease
(MRD) allowed tracking of the leukemic clone
during the phases of therapy, confirming that
relapse was a true re-emergence of the original
clone. 

Sir,
Relapse of childhood lymphoblastic leukemia

5 or more years after diagnosis is a very rare
event. When it happens, a true relapse of the
original clone should be confirmed to exclude a
secondary malignancy. Confirmation of the
relapse can be obtained by assessing the pres-
ence of the same features in the clone at diag-
nosis and at recurrence.1-5 The patient, a 7-year
old girl, was admitted to our hospital for the
first time in November 1992, at the age of 7
years. Main symptoms included fever and inter-
costal pain; the total leukocyte count was
3.3×109/L with 13% abnormal cells, Hb was 4.2
g/dL and the platelet count was 82×109/L. Bone
marrow aspiration showed a subtotal infiltra-
tion by leukemic lymphoblasts (L1, PAS+,

CD10+, CD19+, HLA-DR+, TdT 95%). Karyotype
was normal. The patient was treated according

to the AIEOP 9101 protocol for low risk acute
lymphoblastic leukemia (ALL).7 Cytological
remission was achieved on day +42, at the end
of the induction phase. After two years of main-
tenance treatment she discontinued all
chemotherapy and remained in continuous
remission until June 1999 (6 years and 6 months
after the original diagnosis), when she present-
ed with massive lateral cervical lymphadenopa-
thy and a retroperitoneal abdominal mass.
Biopsy of a lateral cervical lymph node was con-
sistent with high grade lymphoblastic lym-
phoma. The DNA index of lymphoblasts was
1.20 and cytogenetic analysis revealed a hyper-
diploid pattern in the majority of metaphases.
Surface markers were consistent with the origi-
nal leukemia. Bone marrow aspiration from four
different sites and the spinal fluid did not show
any leukemic infiltration. The patient was treat-
ed according to the AIEOP NHL non-B protocol.
After the induction phase she achieved a com-
plete clinical remission confirmed by a CT scan.
She subsequently received consolidation treat-
ment and is now in reinduction phase.

DNA at diagnosis was investigated by standard
techniques for T-cell receptor gene rearrange-
ments.6 The Vδ2Dδ3 rearrangement detected was
sequenced and a 20mer primer spanning the
junctional region was designed to monitor mini-
mal residual disease (MRD) at day +14, end of
induction, pre-reinduction, stop therapy, off ther-
apy (+38 months), and relapse. DNA was probed
with the patient specific primer. Serial dilutions of
the onset DNA were analyzed to test the sensitiv-
ity of the probe, which was about 10–4. The
patient was positive at day +14 of therapy, but
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Figure 1. Dot blot of
DNA of the patient,
hybridized with the
patient specific
probe, at different
time points. O, onset;
+ 14 d., +14 day; e.i.,
end of induction; p-r.,
pre-reinduction; s.t.,
stop therapy; o.f. off
therapy; r., BM at
time of relapse; l.,
lymph node at
relapse; N, negative
control; pbl, normal
peripheral blood: 10-1,

-2,-3,-4,-5,-6,-7 indicate ser-
ial dilutions of the
onset DNA to test the
sensitivity of the
probe. The signal is
detected until a dilu-
tion of 10-4.



negative at the end of the induction phase. She
was still negative 38 months after diagnosis. The
BM at the time of relapse showed a positive sig-
nal, revealing BM infiltration despite the mor-
phologic negativity. The sequence obtained from
the lymph node showed complete homology with
the sample taken at diagnosis.

Most relapses occur within four years of diag-
nosis and involve an extramedullary site other
than the CNS and testis in less than 2% of cas-
es.7,8 Our case relapsed in 2 extramedullary sites
as bulky disease. Even though BM analysis at the
time of relapse had a positive PCR signal,
according to standard criteria this cannot be
considered as a BM relapse. The patient showed
early and continuous molecular negativity at
consecutive time-points. According to recent
studies on MRD in ALL,9 this pattern should be
considered as a positive prognostic factor. There
is no satisfactory explanation of this late, unusu-
al relapse. We can hypothesize that the phar-
macological treatment did not eradicate the
leukemic clone completely, but merely reduced
the disease to a level not detectable by the
probe. A second hypothesis is that some cells
escaped the impact of chemotherapy in a pro-
tected site (sanctuary) and became no longer
detectable as residual cells in the bone mar-
row.10
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Cryptococcal meningitis during front-line
chemotherapy for acute lymphoblastic
leukemia

Fungi cause opportunistic infections in
immunocompromised patients. In the case of
Cryptococcus neoformans infection, diffusion to
meninges is a typical occurrence. We report the
case of a 13-year old child who owned a love-
bird and who developed cryptococcal meningi-
tis during chemotherapy for intermediate risk
acute lymphocytic leukemia.

Sir,
The fungi responsible for the recent increase in

mycoses are those causing opportunistic infec-
tions, including Cryptococcus neoformans.1 In chil-
dren undergoing bone marrow transplantation
or chemotherapy for malignancies, prolonged
neutropenia (absolute neutrophil count, ANC,
<500/m3), mucosal breakdown, impairment of
cell-mediated immunity, widespread use of
broad-spectrum antibiotics, and central venous
catheters are the major causes of fungal oppor-
tunistic infections, especially in case of long-term
treatment with corticosteroids and/or pro-
longed hospitalization.1,2

Cryptococcus neoformans is widely diffused
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