
Acute lymphoblastic leukemia with aleukemic 
prodrome: preleukemic dynamics and possible 
mechanisms of immunosurveillance 

The development of acute lymphoblastic leukemia (ALL)
typically involves the acquisition of at least two genetic
events. The initial mutation leads to the formation of a per-
sistent, but clinically covert, preleukemic clone. Additional
genetic changes then lead, in a stepwise manner, to com-
plete leukemic transformation and promote the clinical
onset of the disease.1 Although the leukemic cells have been
extensively studied over the past decades, little is known
about the presence, dynamics and evolution of the
(pre)leukemic cells before the clinical onset of leukemia.
Typically, the only biological material available in which
we can search for the presence of leukemic cells is archived
dried neonatal blood spots.2 Rarely, stored cord blood from
patients later diagnosed with leukemia is available3 or 
in-utero-originated preleukemic cells can be preserved in a
healthy monozygotic twin of the leukemia patient.4

However, these samples only represent the characteristics
of preleukemic cells/clone and its presence/absence at
birth, hence providing a very limited potential to character-
ize the premalignant period and its dynamics. The situation
is more favorable in secondary leukemias in which the
preleukemic period can be monitored via archived samples
collected during the follow-up of the primary disease.5,6

In a small (~2%) proportion of ALL cases the diagnosis of
leukemia is preceded by clinical symptoms of fever, infec-
tions and transient non-specific anemia.7 As the clinical
conditions resemble aplastic anemia, bone marrow (BM)

aspiration is usually indicated.
We analyzed eight children with B-cell precursor ALL

who had a prodromal period of atypical anemia along with
fatigue and infections ≥6 weeks before the clinical diagnosis
of leukemia (Table 1). As a hematologic disorder was sus-
pected, BM aspirates were investigated by morphology and
flow cytometry. Initially, the diagnostic criteria of ALL were
not fulfilled and thus no antileukemic treatment was start-
ed except for low doses of corticosteroids in three patients
(Table 1). However, continuous follow-up was indicated
and after a premalignant period lasting from 42 days up to
17 months the diagnostic criteria were met and the diagno-
sis of B-cell precursor ALL was finally confirmed in all eight
patients. Using a combination of several strategies we tried
to backtrack leukemia-specific markers and retrospectively
follow the kinetics of the (pre)leukemic cells before the clin-
ical manifestation of ALL in these patients. 

In one case with ETV6-RUNX1-positive leukemia
(UPN1300), we were able to assess the clonal
evolution/selection 3 months before the definitive diagno-
sis of leukemia. Single nucleotide polymorphism array per-
formed on the diagnostic BM identified six distinct copy
number alterations that were further validated by fluores-
cence in situ hybridization. At diagnosis, five of the aberra-
tions [del(12)(p13) including the ETV6 gene,
del(12)(q24.32), del(12)(q24.11), del(14)(q24) and
del(1)(p33)] were harbored by 100% of the ETV6-RUNX1-
positive leukemic cells (8–60 cells evaluated); the sixth,
del(4)(q31), was confirmed in 86% (12/14 ETV6-RUNX1-
positive cells). All ETV6-RUNX1-positive (pre)leukemic
cells 92 days before the diagnosis harbored the deletion of
non-translocated ETV6 allele and 14q24 deletion (167/167
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Table 1. Patients’ characteristics at the time of the first prediagnostic bone marrow aspiration. 
Patient Sex Age Days Hb (g/L) Symptoms Hematologic BM * Therapy before Final ALL

(years) to diagnosis symptoms morphology leukemia onset subtype

UPN63 M 6 42 45 fever, anemia, hypocellular, phenoxymethylpenicillin, Hyperdiploid
pneumonia leukopenia dysplastic ceftriaxone, fluconazole BCP-ALL

UPN484 F 17 182 76 fever, tonsillitis, leg pancytopenia normal paracetamol, ampicillin B-other
and wrist pain

UPN1071 F 5 99 20 fever, hepatopathy, pancytopenia, hypocellular, dexamethasone 4x4 mg i.v. B-other
disorder of severe anemia blasts <5% (FC) (4 days after the first 

conscioussness, BM aspiration)
leg pain

UPN1171 F 11 91 56 night sweating, fatigue, severe hypocellular cefotaxime, B-other
hepatomegaly, parvovirus B+ anemia without atypical cells ceftriaxone,

IVIG (5x15g)
UPN1300 F 3 94 34 purulent otitis, maxillar severe hypocellular, phenoxymethylpenicillin ETV6-RUNX1+

sinusitis, fever pancytopenia blasts ~5% (FC) BCP-ALL
UPN1775 M 7 65 71 fever, fatigue, anemia, normocellular, phenoxymethylpenicillin, B-other

tonsillitis, sepsis, neutropenia inflammatory-reactive amikacin, cefotaxime, 
papillitis ani changes clindamycin

UPN1909 M 2 81 116 disorder of anemia, normocellular, prednisone (p.r.), Hyperdiploid
consciousness, sagittal neutropenia, blasts ~2% (FC) dexamethasone BCP-ALL
sinus thrombosis, agranulocytosis, 5x1 mg i.v. (3 weeks before
hepatosplenomegaly, lymphocytosis the first BM aspiration)

leg pain
UPN_UK F 4 518 56 necrotizing fasciitis, pancytopenia hypocellular, antibiotics, dexamethasone, ETV6-RUNX1+

sepsis blasts ~5% 7x 6 mg/m2 i.v. (6 days BCP-ALL
after the first BM aspiration)

* Conventional morphological examination and/or flow cytometry analysis (FC) was performed on bone marrow samples. M: male, F:  female;  Hb:  hemoglobin level; BM: bone mar-
row; IVIG: intravenous immunoglobulin; i.v.: intravenously, p.r.: per rectum; BCP-ALL: B-cell precursor acute lymphoblastic leukemia; B-other:  non-hyperdiploid/non-hypodiploid BCP-ALL
negative for ETV6-RUNX1, TCF3-PBX1, BCR-ABL1 and KMT2A involving fusion genes.



and 5/5 cells, respectively). The presence of other deletions
within the (pre)leukemic clone ranged between 28% and
96%, thus demonstrating a significant clonal selection
shortly before the clinical onset of leukemia (Figure 1). Our
observations build upon previous case reports showing
similar data.7,8

In all eight patients we were able to backtrack diagnostic
immunoglobulin/T-cell receptor gene rearrangements using
quantitative polymerase chain reaction (PCR) analysis. In
five patients, two or more pre-diagnostic samples were
available. Interestingly, instead of a linear
progression/expansion of the cells harboring the leukemia-
specific immunoglobuin/T-cell receptor gene rearrange-
ment(s), the (pre)leukemic clone dynamics followed a char-
acteristic pattern: initial high levels followed by a signifi-
cant decrease (>1 log to >3 logs), and finally a rise just
before diagnosis (Figure 2). A lack of samples prevented us
formally demonstrating similar clonal dynamics in the
remaining three cases. However, a similar “V-shape” course
could be inferred in the cases with high initial levels of
(pre)leukemic cells (17% and 36% in patients UPN484 and
UPN1775, respectively), detected several months before
the clinical diagnosis.

In three patients the temporary reduction of
(pre)leukemic burden can be related to the administration
of intravenous corticosteroids (dexamethasone) shortly
before or after the initial BM aspiration. Corticosteroids
alone are capable of inducing temporary remission; howev-
er, without further treatment these remissions last only
several weeks (median 9 weeks).9 Thus, although adminis-
tered in a significantly lower amount than the dose used in
the leukemia treatment prephase, the corticosteroid thera-
py probably contributed to the observed reduction of the
(pre)leukemic clone in the patients treated after the first
aspiration (UPN1071, UPN_UK). It is less likely to explain
the >2 log decrease of (pre)leukemic clone in patient

UPN1909, who received a low dose of dexamethasone 3
weeks before the first BM aspirate. Moreover, the short cor-
ticosteroid treatment can hardly explain a remission lasting
for 17 months (and PCR-negativity for at least 6 months) in
patient UPN_UK. Importantly, no antileukemic treatment
was used in the remaining two patients (UPN1300,
UPN63), in whom an initial decrease of the (pre)leukemic
clone is also apparent. 

The (pre)leukaemic clonal dynamics described here are
consistent with our observations in secondary leukemias,5,6

and the fluctuation in the percentage of ETV6-RUNX1-pos-
itive cells detected by fluorescence in situ hybridization
described in another ALL patient with a preleukemic
phase.7 This suggests that some immunological mecha-
nisms might be capable of temporary surveillance over the
pre-malignant clones, at least in some leukemia subtypes. 

Deep sequencing of the T-cell receptor-gamma repertoire
in diagnostic and pre-diagnostic samples in five cases
(UPN1171, UPN1300, UPN1775, UPN1909, UPN_UK)
revealed that a significant proportion of the cells were from
a specific non-malignant clone with a V-J fusion sequence
5 -́TGTGCCTTGTGGGAGGTGCAGAGTTGGGCAAAA-3´
identified as the Vγ9-Jγ1.2 rearrangement. This is the most
abundant clonotype among circulating Vγ9Vδ2 T-lympho-
cytes which are often described to play an important role in
tumor immune surveillance.10 We designed a quantitative
PCR system for the quantification of T-lymphocytes har-
boring this specific Vγ9-Jγ1.2 rearrangement. In six patients
(UPN1071, UPN1171, UPN1300, UPN1775, UPN1909,
UPN_UK), the levels of the Vγ9-Jγ1.2 clone were scruti-
nized in both diagnostic and pre-diagnostic samples and in
all but one case the trend in kinetics confirmed the deep
sequencing data. The Vγ9-Jγ1.2 T-lymphocytes inversely
mirrored the dynamics of the (pre)leukemic cells, even after
adjustment for the proportion of non-leukemic cells in the
sample (Figure 2). In the remaining case (UPN1071) the
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Figure 1. Clonal architecture of
(pre)leukemic and leukemic cells in
patient UPN1300. A proportional
scheme of distinct subclones bearing
different aberrations (A-E) and their
relative representation within the pop-
ulation of (pre)leukemic cells in bone
marrow taken 3 months before
leukemia onset and at diagnosis. Only
cells harboring the ETV6-RUNX1
fusion were considered as
(pre)leukemic and further analyzed.
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Figure 2. Dynamics of the (pre)leukemic clone and non-malignant T-lymphocytes harboring the specific Vγ9-Jγ1.2 rearrangement during the pre-diagnostic
phase. Quantitative levels of (pre)leukemic clones are connected by a solid line (left Y axis in each patient). Representations of the T-cell clone (defined by the
specific Vγ9-Jγ1.2 rearrangement) within non-malignant cells are connected by a dashed line (right Y axis in each patient). Time points of sampling are shown
on the X axis, relative quantification normalized to a housekeeping gene (ALB) is shown on the Y axis. Data are presented for individual patients (A-H). In patients
UPN63 and UPN484 no biological material was available to analyze the T-lymphocytes of interest. All samples are from bone marrow except for the second pre-
diagnostic sample from patient UPN1909 taken from peripheral blood (PB). D = dexamethasone treatment [(4 x 4 mg (UPN1071), 5 x 1 mg (UPN1909), 7 x 6
mg/m2 (UPN_UK)].
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Vγ9-Jγ1.2 levels were virtually constant.
We analyzed 167 diagnostic and follow-up leukemic

samples and ten normal BM specimens by the same clone-
specific quantitative PCR. The representation of the 
Vγ9-Jγ1.2 clone within the non-leukemic proportion of BM
cells at diagnosis of both ALL and acute myeloid leukemia
(AML) (n=98 and n=29, respectively) was significantly
higher compared to that in healthy BM samples (P=0.0005
and P=0.012, respectively; median value for ALL=0.17,
AML=0.11 and healthy BM=0.035; Online Supplementary
Figure S1) and very similar to the highest levels found in
pre-diagnostic samples of our patients presenting with an
aleukemic prodrome (median 0.22; P>0.8). In 14 patients
with B-cell precursor ALL analyzed during treatment (diag-
nosis, days 8, 15 and 33 and week 12 of treatment) the size
of this clone within the non-malignant hematopoietic cells
did not differ significantly in the samples taken between
the diagnosis and day 33. At week 12, the level of this spe-
cific clone decreased significantly, to the levels seen in nor-
mal BM (P=0.007) (Online Supplementary Figure S1). 

There is compelling evidence of the cytotoxic properties
of Vγ9Vδ2 cells and their involvement in anti-tumor sur-
veillance.11 Physiologically, Vγ9Vδ2 T-lymphocytes repre-
sent the most abundant subset of circulating γδT cells.
Stimulation by several cancer-derived cell lines (including
the Daudi cell line derived from a B-cell lymphoma) elicits
a proliferative response and clonal expansion10 and human
immunodeficiency virus-related depletion of circulating
Vγ9Vδ2 T cells contributes to the increased risk of develop-
ing leukemia/lymphoma in individuals infected by this
virus.12 The involvement of Vγ9Vδ2 cells in immune surveil-
lance has been shown in several malignancies so far, includ-
ing hematologic malignancies.11 Importantly, Vγ9Vδ2 cells
efficiently kill leukemic blasts in AML.13 According to our
data, the Vγ9Vδ2 T-lymphocytes separated from healthy
peripheral blood and expanded by phosphoantigen isopen-
tenyl pyrophosphate showed only very limited, yet consis-
tent capacity to lyse ALL cell lines (Online Supplementary
Figure S2). Even without a major direct killing effect as
described in AML, the Vγ9Vδ2 cells may execute their
immunosurveillance capacity in (pre-)ALL via regulating
other immune cells, especially natural killer cells with more
potent cytotoxic ability.11 Moreover, we cannot exclude that
while Vγ9Vδ2 cells might be effective in the suppression of
preleukemic cells, after the cells become fully leukemic, the
Vγ9Vδ2 clone is no longer able to control their expansion
effectively. Furthermore, the protracted activation of
Vγ9Vδ2 cells in developing tumor microenvironment can
result in the accumulation of dysfunctional Vγ9Vδ2 lym-
phocytes that are no longer capable of controlling the smol-
dering disease.14 Alternatively, a cytokine release accompa-
nying the acute infection/sepsis period in some of the
patients may induce a significant cytotoxic reaction (possi-
bly also involving Vγ9Vδ2 expansion) including leukemia
cytotoxicity and cause or contribute to a temporary reduc-
tion of the (pre)leukemic clone.15

In conclusion, we have demonstrated that the dynamics
of the (pre)leukemic clone are non-linear and result in sig-
nificant clonal selection shortly before the diagnosis of ALL.
Moreover, our data point towards immunological mecha-
nisms that might be involved in temporary surveillance
over the (pre)leukemic burden.
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