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Abstract: Relapsed acute lymphoblastic leukemia (ALL) represents a continuous challenge for the
clinician. Despite recent advances in treatment, the risk of relapse remains significant. The clinical,
biological, cytogenetic, and molecular characteristics may be different at the time of relapse. Cur-
rent comprehensive genome sequencing studies suggest that most relapsed patients, especially
those with late relapses, acquire new genetic abnormalities, usually within a minor clone that
emerges after ALL diagnosis. We report the case of a 23-year-old young woman diagnosed with
Philadelphia chromosome negative B-cell acute lymphoblastic leukemia. The patient underwent
allogeneic stem cell transplantation (allo-HSCT) after complete remission. Although having favor-
able prognostic factors at diagnosis, the disease relapsed early after allo-HSCT. The cytogenetic
and molecular exam at relapse was positive for the Philadelphia chromosome, respectively for the
bcr-abl transcript. What exactly led to the relapse of this disease in a more aggressive cytogenetic
and molecular form, although there were no predictive elements in the diagnosis of this relapse?
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Introduction

Acute lymphoblastic leukemia (ALL) is the most common childhood cancer, but is
less common in adolescents and young adults ( AYA, the age range varies from 15 to 39
years, depending on the study) and is rare in older adults. The 5-year survival rate of
ALL is higher than 90% in children (1) , but falls significantly to 60-85% in adolescents
and young adults (2) and less than 30% in older adults (3).

In terms of clinical and biological characteristics and response to treatment, AYA-
ALL differs from the pediatric ALL population. Although survival of adolescents and
young adults with acute lymphoblastic leukemia has improved with the use of pediatric
inspired protocols (4), the results of those who relapse remain poor.

The Philadelphia chromosome (Ph), resulting from the translocation of
t(9;22)(q34;q11) and encoding rearrangement of BCR/ABL1 can be detected in approxi-
mately 20-30% of adult cases with ALL; its incidence increases with age and represents
the most common form of ALL in the elderly population and is therefore a relatively ra-
re event in AYA , less than 20%. (5). The outcomes of patients with Ph-ALL have
changed dramatically with the addition of tyrosine kinase inhibitors (TKI) to cytotoxic
chemotherapy, increasing the rate of complete response to as high as 90%. (6)
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The minimal residual disease (MRD) test is of extreme prognostic importance, as it
is one of the most important risk factors for relapse, which has been confirmed by multi-
variate prognostic analyzes in many studies (7).

Presentation

We discuss the case of a 21-year-old woman who came to the emergency depart-
ment with altered general condition, fatigue, loss of appetite, cough, fever, and purpura.
His medical history was irrelevant.

Laboratory findings on admission revealed life-threatening anemia (a hemoglobin
of 2.3 g/dL ), severe thrombocytopenia (a platelet count of 24 x 109 / L) , and a normal
leukocyte count of 6.8 x 109/L. In the peripheral blood smear (PBS), we found 6% medi-
um-sized blasts with a morphological aspect suggestive of lymphoblasts (ALL-1, accord-
ing to the FAB classification). Bone marrow examination revealed involvement of 38%
blasts similar to those described in PBS.

Immunophenotyping by flow cytometry from bone marrow aspirate identified 33%
cells with the following aspect: SSC low CD34+, cMPO-, cCD79a+, cCD3-, CD3-, CD7-,
CD117-, CD13-, CD33-, CD10+ (CALLA) , CD19+, CD20-, sIgM kappa, lambda-, CD66c¢-
(KOR-SA) , NG.2- , CD123-, cTdT-, CD58-. The described are based on the diagnosis of
acute B-cell lymphoblastic leukemia, positive for CALLA, not otherwise specified, ac-
cording to the 2016 World Health Organization criteria (WHO). Cytogenetic examina-
tion carried out on 10 metaphases revealed that ther were no numerical or structural al-
terations in chromosomes at this level of resolution (it should be noted that the cellulari-
ty of the bone marrow aspirate was low). In addition, a molecular study was performed
that did not detect the Bcr-Abl transcript or the MLL fusion gene.

At the time of diagnosis, the patient had no neurologic signs or symptoms. Cere-
brospinal fluid (CSF) studies and imaging also did not describe central nervous system
(CNS) involvement.

Taking into account the available data : young age, normal white blood cells, pre-
cursor of the B lineage, positive for CALLA (CD10+), no evidence of CNS involvement,
no Philadelphia chromosome, we classified the patient in a standard risk group.

Based on the preponderance of the data presented in the review, the best therapeu-
tic approach for this patient would be intensive pediatric treatment. We decided to treat
according to the Berlin-Frankfurt-Minster (BFM) protocol because we knew the following
data from the literature. Patients with AYA-ALL, treated with the BEM protocol, had
high overall survival (OS) and complete remission (CRD) rates and tolerated this pediat-
ric regimen with acceptable toxicity. The OS and CRD rates were comparable to those
achieved with hyper-CVAD, an adult leukemia therapy. (8)

After 9 months of treatment, the patient is in complete medullary remission but
with the presence < 0.1% of minimal residual disease (MRD), determined by multipa-
rameter flow cytometry. MRD represents the most important prognostic information
and decision support for the allocation to allogeneic hematopoietic stem cell transplanta-
tion (allo-HSCT) or other targeted therapy-a view uniformly supported by European
and US experts. (9)

At this time, the patient underwent allo-HSCT from a matched related donor. The
procedure was successful, with no major complications and no graft-versus-host disease
(GVHD). Six months after allo-HSCT, the patient was in complete remission, with nega-
tive MRD and 100% chimerism. After another three months, the patient came to the
scheduled follow-up in good general condition. However, PBS revealed a recurrence of
blast cells, which raised suspicion of relapse of the disease.

We performed a reexamination to determine the current state of the disease. Mor-
phologically, the blasts had a similar appearance to that at diagnosis (ALL -1). The bone
marrow aspirate showed the presence of 85% lymphoblasts.

The immunophenotypic aspect of bone marrow blast cells showed some changes
from the time of diagnosis, namely the positivity of the CD66¢c marker (KOR-SA), indi-
cating the likelihood of the presence of the Philadelphia chromosome. This suspicion
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was confirmed by the result of the cytogenetic and molecular examination. The Phila-
delphia chromosome was detected in 34% of the analyzed 10 metaphases. In 45.1% of
malignant cells, molecular analysis identified the BCR-ABL ela2 transcript (m-BCR) cor-
responding to protein p190.

An examination of the central nervous system was also performed and relapse at
this level was negated.

DIAGNOSIS RESPONSE 9 month 6 month 9 month
after diagnosis RELAPSE
ALL CMMR CMMR ALL
B cell treatment but allo- HSCT and B cell
MRD < 0.1% MRD negative
CALLA ’ — & CALLA +
Cz Ph - BFM 2000 sibling CzPh +

Figure 1. — Evolution of disease.

CMMR = complete medullary morphological remission ; MRD = minimum residual
disease; Allo- HSCT = allogeneic hematopoietic stem cell transplantation; Cz Ph = Phila-
delphia Chromosome

We started tyrosine kinase inhibitor (TKI) treatment with Dasatinib due its ad-
vantages in preventing CNS involvement.(10)The selected dose of Dasatinib was 70
mg/day. Given the corticosteroid sensitivity the disease exhibited at the time of diagno-
sis, Dexamethasone therapy was also administered.

After only 3 days of TKI treatment, we observed the disappearance of blast precur-
sors from peripheral blood. Note the occurrence of grade 2-3 liver toxicity, which re-
quired the interruption of TKI treatment. Complete remission of liver toxicity occurred
after 7 days of Dasatinib treatment. Subsequently, TKI was administered again, but at a
dose reduced to 50 mg/day.

After an additional 7 days of Dasatinib treatment, the bone marrow evaluation al-
ready showed remission and the presence of the bcr-abl transcript was no longer detect-
ed on the molecular evaluation.

Discussion

This case of acute lymphoblastic leukemia with a precursor of the B lineage, Ph-
negative, in a patient with AYA with early relapse, less than one year, after bone mar-
row allograft transplantation, raises several questions.

The biological, morphological, immunophenotypic, cytogenetic and molecular
characteristics at the time of diagnosis were not predictive of relapse. Certain character-
istics of blast cells might allow predictions of the presence of certain genetic or molecular
alterations and of the prognosis. It is well known that the expression of the markers
CD66c ( 11), CD33 (12) or CD13 (13) can be correlated with the presence of the Philadel-
phia chromosome.

Ng.2 (neuronal glial antigen-2) also has predictive value for MLL rearrange-
ments. (14) In our case, the absence of the Philadelphia chromosome, the BCR-ABL1 fu-
sion gene, and the absence of the MLL gene was later confirmed by cytogenetic and mo-
lecular studies. The presence of CALLA provides a good prognosis for the disease.

The choice of treatment with a protocol oriented to the pediatric population was
made taking into account the fact that it improves the response rate and the duration of
remission. The persistence of minimal residual disease at the end of chemotherapy led to
the indication of bone marrow allotransplantation. When feasible, allogeneic HSCT is
preferable to standard intensive pediatric chemotherapy in MRD positive patients to re-
duce the risk of relapse and increase survival from <25% without HSCT to approximate-
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ly 45-55% (GMALL, NILG, GRAALL studies, reviewed by Bassan et al.) (15) However,
9 months after bone marrow transplantation, the patient relapsed with a new chromo-
somal change compared to the time of diagnosis, Philadelphia chromosome.

Several hypotheses can be considered that underlie the relapse of the disease. One
is that there was a dormant clone that could not be identified at diagnosis that escaped
immune system control? Is this mutation acquired during the development of the dis-
ease or is it secondary to treatment? Could possible contamination by the donor also be
considered? The expression of BCR-ABL1 (p210 transcript) has been detected at very
low levels in peripheral blood cells of some healthy individuals but not in cord blood
cells. (16) The biological explanation for this observation remains largely unexplained.
(17)

After complete remission with TKI, we consider therapy with T cells expressing
the chimeric antigen receptor (CAR-T cells). CAR-T cells have shown promise as a
treatment option for patients with relapsed ALL, with impressive remission rates of 70-
90%. (18, 19) The question of whether CAR -T is a stand-alone therapy or a bridge to
transplantation cannot be answered in general terms given the current state of re-
search.(20)There is a lack of randomised trials comparing approaches with consolidating
HSCT to approaches in which patients do not progress to HSCT but are strictly followed
for T cell persistence and MRD remission after infusion. (21) We are also looking for an
unrelated donor for a possible second allo-HSCT.

In view of all this, the question arises whether it would not be more effective to in-
clude TKIs in treatment in prophylactic doses and after certain clinical trials, starting
from the diagnosis of ALL?

Conclusions

The Philadelphia chromosome is the most common cytogenetic alteration associ-
ated with acute lymphoblastic leukemia. It leads to an unfavorable prognosis for the dis-
ease. However, the introduction and development of TKIs have improved response rate
and survival in this disease. The Philadelphia chromosome may be present at diagnosis
or may occur later in the course of the disease and contribute to relapse of the disease.

It is extremely important that, in the case of acute leukemia relapse but also
throughout the evolution of the disease, a complete and thorough reevaluation, both
morphological and immunophenotypic, as well as cytogenetic and molecular, is carried
out, because there may be acquisitions of new changes compared to the time of diagno-
sis, which require other targeted lines of treatment.
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