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Abstract 

Lineage switch in acute leukemias is considered a rare event, especially in what concerns adult disease 

compared to pediatric patients. Differential diagnosis between biphenotypic/bilineal leukemias, de novo 

leukemias, therapy-related and phenotype switch variants, stands as an intricate challenge. Complementary 

laboratory studies and complex laboratory assays (conventional karyotyping, FISH- fluorescence in situ 

hybridization, molecular biology, immunophenotyping, etc.) represent one of the crucial resources regarding 

the process of establishing an accurate diagnosis, thus having a firm ground for the most beneficial treatment 

choice. Aim: To emphasize the diagnostic and therapeutic particularities regarding the case of a female patient 

with acute lymphoblastic leukemia (ALL) who later developed a phenotype switch towards an intermediary 

form of acute myeloid leukemia (AML), sharing features of both AML with maturation and atypical acute 

promyelocytic leukemia (AML M2/M3/APL). 

Material and methods: We hereby present the case of a 66 year old female, diagnosed with B- ALL, who 

underwent both classical chemotherapy (adequate protocol related to age, genetic profile, commorbidites) and 

bispecific monoclonal antibody therapy at first early relapse (Blinatumomab), followed by phenotype switch at 

second early relapse towards atypical APL. Combined ATRA and anthracycline therapy followed, yet 

laboratory work-up shows refractory disease. Complications during treatment were comprised of severe DIC 

(disseminated intravascular coagulation) and infections- sepsis followed by exitus. Results and conclusions: 

This is the case of a phenotype switch in a patient with ALL, who underwent both classical chemotherapy and 

Blinatumomab, towards myeloid lineage- refractory APL atypical variant. Availability of flow cytometry and 

cytogenetics during morphology evaluation represents a key aspect in the management of such hematologic 

malignancies. 
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Case Report 

A 66 year old female, with unremarkable personal and 

familial medical history and no apparent exposure to toxic 

environment, presents in June 2019 with anemia related 

symptoms (fatigue, loss of appetite, chest pain, heart 

palpitations) and unintentional weight loss. 

 Ambulatory laboratory work-up showed a full blood 

count (FBC) with normocytic normochromic anemia, 

moderate thrombocytopenia, leukocytosis and 

monocytosis (haemogloblin 9.6 g/dl, platelets 

50.000/mmc, leukocytes 11980/mmc and 6480/mmc 

monocytes). Biochemistry work-up revealed elevated 

LDH (1026 u/l) and moderate elevation of markers 

indicative of systemic inflammation. It should be noted that  

serologies for HIV, hepatic B and C viruses were negative. 

Persistence of symptoms and laboratory work-up 

anomalies prompted further evaluation, thus a peripheral 

blood smear (PBS) was obtained, which showed 32% 

blasts with the following description: agranular blastic 

cells, with a large round nucleus, regular or reniform, with 

a central disposition, fine chromatin (gigantic nucleolus) 

and scant basophilic cytoplasm. 

Further on, a bone marrow aspiration was obtained, 

revealing a hypercelullar marrow with frequent blastic 

cells, small or medium-sized, agranular or with rare 

azurophilic granules, with a large round nucleus, 

basophilic cytoplasm, occasional cytoplasmic vacuoles, 

summing up approximately 38% lymphoblasts. 

 

 
 

Fig.1: Flow cytometry panels at presentation: ALL B common B phenotype; positivity for CD34 and B markers (CD10, 

CD19, CD79a, CD20), negativity for surface IgM and NG2. 

Courtesy of Hematology Laboratory of Coltea Hematology Clinic. 

 

 

In order to identify the precise subtype, 

immunophenotyping/flow cytometry followed 

(obtained from peripheral blood, as a subsequent bone 

marrow aspiration resulted in dry tap and insufficient 

sample material for adequate preparation), which 

concluded the following phenotypic profile: 57% ALL 

B common B phenotype blasts, CD19+, CD34+, 

cyCD79a+, cyCD22+, CD10+, CD20+, CD38+, HLA 

DR+, TdT+, with aberrant expression of myeloid markers 

CD66c (72%) and CD 33 (47%) (seen on the CD19+ 

CD34+ population) (Fig.1). 
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Cytogenetics analysis revealed normal female 

karyotype and molecular biology showed negative 

BCR-ABL1 transcript. Other molecular patterns, which 

carried prognosis stratification importance, were negative 

(including MLL gene rearrangements, now known as 

KMT2A rearrangements with different fusion partners).  

Pretreatment evaluation also included an abdominal 

ultrasound- which revealed the spleen sized 15 cm long 

axis and an echocardiography- with normal left ventricle 

function and 60% ejection fraction. 

A specific induction protocol was started in late August 

2019, adapted to the patient’s age and to the cytogenetic, 

phenotypic and molecular characteristics of the disease: B 

ALL, BCR: ABL1 negative (induction protocol for 

Philadelphia chromosome negative ALL >60 years old, 

GRAALL). Along the induction phase, the patient went 

through therapy and disease related complications, such 

as infections and DIC, which required administration of 

large spectrum antibiotics, antifungals and blood products 

such as fresh frozen plasma (FFP) and cryoprecipitate 

(CPP). An interesting aspect regardind the DIC was its 

severity and slow favorable evolution despite correct 

management (with extremely low fibrinogen values < 80 

mg/dl). It should be noted that ATIII, aPTT and PT work-

up showed normal values. 

Bone marrow aspirate re-evaluation showed no 

lymphoblasts, thus proving disease chemosensitivity, with 

normal aspect and maturation of the other lineages. MRD 

(minimal residual disease) assessment followed, showing 

<5 % lymphoblasts in the bone marrow, but it should be 

noted that MRD sample was obtained before the end of 

the induction phase.  

For CNS involvement assessment, a lumbar puncture was 

performed and intrathecal therapy was administered after 

(with previous exclusion of intracranial hypertension 

through fundoscopic exam- ophtalmoscopy and neurological 

exam). CSF analysis revealed absent CNS disease.  

Thus, in november 2019 the pacient achieved complete 

remission and consolidation therapy followed, with 

constant bone marrow evaluation. 

June 2020 brings forth the first disease relapse (1st 

early), with a FBC showing 27000 leukocytes/mmc and 

12000 monocytes/mmc. A PBS was obtained again, 

showing 56% blasts and bone marrow aspiration revealed 

90% infiltration comprised of lymphoblasts; flow 

cytometry confirmed the initial phenotype, thus 

reinduction with dexamethasone and Blinatumomab was 

started, according to national and international 

guidelines/protocols. It should be noted that DIC was 

present with similar intensity as previously seen (at 

disease onset). CSF analysis was performed revealing 

absent CNS disease, along with intrathecal therapy after.  

During the second cycle with Blinatumomab, the patient 

developed severe neurological toxicity- 3rd grade 

evolving towards 4th grade (starting from intense bilateral 

upper extremities tremor and reaching loss of 

consciousness with a GCS score of 9 and desaturation). 

Administration was, therefore, discontinued and the 

patient recovered, following corticotherapy and 

admission to ICU. 

Another bone marrow evaluation showed favorable 

response, with no lymphoblasts. Maintenance therapy 

followed, with constant BM evaluation that showed 

remission. The patient was informed regarding the 

prognosis and the implications of allogeneic HSCT 

procedure (hematopoietic stem cell transplant) but she 

refused undergoing preparation and the procedure itself. 

April 2021 brings another disease relapse (2nd early), 

with a FBC that showed moderate thombocytopenia and 

a PBS with 6% blasts. BM aspirate showed 58% 

leukemic infiltration (myeloblasts and promyelocytes), 

with the following description: granulocytic lineage with 

inhibition of maturation, frequent blastic cells- agranular 

or granular, with a round nucleus, regular or irregular, 

visible nucleoli (1-2), frequent cytoplasmic inclusions 

with a spheric appearance- Auer bodies, frequent atypical 

promyelocytes with Auer bodies, some with folded nucleus 

or with visible Auer bodies that overlap the nucleus and 

also promyelocytes with absent Auer bodies, multiple 

morphlogical anomalies which cannot establish a certain 

FAB diagnosis, correlation with cytogenetics and 

molecular exam is required. 

A primary conclusion based on morphology would have 

been the presence of an intermediary form between AML 

M2-M3 FAB or an atypical form of APL, as a presumptive 

diagnosis.  

We also performed a bone marrow biopsy, the imprint 

showing 26% myeloblasts with similar characteristics 

previously described, 58% atypical promyelocytes and 

Auer bodies. 

Cytogenetics analysis showed an inconclusive 3R2V 

pattern (FISH) without a corresponding known transcript 

and classic karyotype analysis showed multiple 

anomalies- hyperploidy, translocations, inversions, 

deletions and duplications, dicentric chromosomes, 

meaning a complex karyotype, but without any possibility 

to determine a certain pattern/formula. 
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Molecular biology showed negativity for PML::RARA, 

RUNX1-RUNX1T1, CBF-MYH11.  

Regarding flow cytometry, the determined phenotype 

consisted of 79% abnormal population with multiple 

phenotypic anomalies, AML- M2 aspect (with 

maturation), however, the presence of weak positive 

CD15, HLA DR negative blasts and other phenotypic 

features (including some CD34 negative blasts) also point 

towards APL entity (Fig.2 and Fig.3). 

Of important note, the samples and specimens for flow 

cytometry, cytogenetics and molecular biology were 

analysed by two different institutions with solid 

experience in the field of hematologic malignancies. 

 

 

 
 

Fig. 2: First bone marrow aspirate at 2nd disease relapse- flow cytometry panels; switch towards AML/APL variant. 

Notice the absence of B/T markers, positive MPO, weak positive CD15, positive CD33, negative CD117, mostly 

negative HLA DR blast population. Courtesy of Hematology Laboratory of Coltea Hematology Clinic. 

 

 
 

Fig.3: Second bone marrow aspirate at 2nd disease relapse- flow cytometry panels; switch towards AML/APL variant. 

Notice absence of B/T markers, MPO and CD33 positivity, CD117 negativity, both positive and negative HLA-DR blast 

population. This result was based on the analysis of two bone marrow aspirate specimens obtained 7 days apart. 

Courtesy of Hematology Laboratory of Coltea Hematology Clinic 
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The therapeutic approach consisted of induction therapy 

with ATRA (all-trans-retinoic acid), idarubicin and 

cytarabine, with appropriate ATRA differentiation 

syndrome prophylaxis- corticotherapy and supportive 

care. Unfortunately, the PBS showed constant presence of 

myeloblasts and atypical promyelocytes despite treatment 

(25% myeloblasts, 12% promyelocytes respectively), 

proving refractory disease. Also, DIC was present, even 

more severe than previous presentations- prolonged 

mucocutaneous bleeding (extensive hematomas at the site 

of venipunctures, also on the posterior thorax and lumbar 

region, following bone marrow biopsy and aspiration 

procedures) which did not respond to hemostatic agents 

and blood products. Pulmonary infection followed, which 

developed into severe sepsis and eventually exitus.  

 

Discussions 

Acute lymphoblastic leukemia (ALL) represents a 

malignant lymphoid disease that has its origins in a B or 

T lymphocyte progenitor. Consecutive proliferation and 

accumulation of clonal cells in the bone marrow will 

eventually lead to the supression of hematopoiesis, 

followed by pancytopenia (anemia, thrombocytopenia, 

neutropenia). A challening aspect in the course of the 

disease is the possibility of CNS involvement and also 

involvement of extramedullary sites such as the gonads, 

thymus, liver, spleen and lymph nodes. It has many 

subtypes and its classification is based on morphologic, 

immunologic, cytogenetic and molecular characteristics. 

Often, leukemia and lymphoma can overlap 

(lymphoblastic leukemia/ lymphoma) and can be a 

clinical form of presentation of the same disease. (1), (2) 

B cell ALL is considered to be more frequent in the 

pediatric population, given the fact that almost three quarters 

of cases occur in children aged < 6 years old, with 

predominance regarding the male sex. In what concerns the 

adult, the peak of incidence is considered somewhere past the 

age of 60 years old, even though the recent clinical experience 

of past years has brought significant variations. (2) 

On the other side, acute promyelocytic leukemia (APL) is 

a distinct variant of acute myeloid leukemia (AML), a 

hematopoietic neoplasia restricted to cells which belong 

to the myeloid lineage; it can occur at any age and 

constitutes aproximately 7% of AML cases. Classified as 

AML- M3 in the FAB classification system (French-

American-British), it currently stands as acute 

promyelocytic leukemia with t(15;17)/PML::RARA. It is 

considered a medical emergency, due to specific acute 

complications caused by DIC- disseminated intravascular 

coagulation, which carry serious hemorrhagic risks. 

Usually, treatment should start even before there is 

cytogenetic and molecular confirmation, on the basis of 

cytologic aspects/criteria. However, multiple variant 

translocations involving RARA gene have been 

described. (3), (4) 

Lineage switch is usually a phenomenon seen following 

certain type of therapies or at relapse and mostly in cases 

that carry specific aberrations such as t(4;11)/ 

KMT2A/AFF1 fusion protein (formerly known as 

MLL/AF4). (5)  

We considered this to be the case of a phenotype switch 

in a patient with B ALL (common B), who underwent 

classical chemotherapy followed by Blinatumomab 

(bispecific monoclonal antibody; immunotherapy 

targeted at CD19 and also having a CD3 binding site for 

T cells), towards AML- specifically atypical refractory 

APL. The key points/aspects that led to this diagnosis 

were mainly based on the bone marrow morphology, flow 

cytometry and also the clinical evolution- severe DIC with 

severe mucocutaneous bleeding.  

 It is well known that Blinatumomab therapy can play a 

role in inducing phenotype switch at relapse. However, 

the majority of current journal articles and case reports 

focus mostly on the pediatric population, because lineage 

switch is much more frequent in this category. In the adult 

category there are few reported cases of B-ALL regarding 

phenotype switch after bispecific monoclonal antibody 

therapy. (6), (7), (8)  

Also, the majority of available studies were conducted on 

ALL positive for KMT2A/AFF1 mutation, known for its 

unfavorable prognosis and for being amongst the ones 

associated with phenotype switch at relapse. (8), (9) 

The mechanism of switch induction is still unclear, with 

many debating on the matter. Taking a closer look at the 

present case, we can conclude that Blinatumomab was 

indeed efficient, given the fact that at relapse (2nd), flow 

cytometry and other complex complementary laboratory 

assays didn’t detect any CD19 positive B-ALL blasts. 

However, expanding our perspective, we have to ask 

ourselves where did the newly emerged AML blasts come 

from. It is important to notice that the AML blasts lacked 

CD19 expression, this being one of the reasons they could 

escape Blinatumomab cytolytic effect. Also, this points 

towards another hypothesis: clones from both lineages 

could have been present all along, and after treatment, one 

of them could have been selectively suppressed. However, 

flow cytometry at first relapse failed to identify a separate, 

distinct AML subclone (there is still debate on its 
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sensitivity). Therefore, we still consider this to be the case 

of a phenotype switch that took place after Blinatumomab 

therapy. (10) 

 Another aspect that holds significant importance is that 

the loss of CD19 antigen is not sufficient for switch 

induction- lineage reprogramming is the driver key 

towards phenotype switch. (10), (11) 

In what concerns immunotherapy resistance mechanisms, 

multiple theories have been proposed, some of them 

pending approval and demonstration in on-going studies. 

One of the most highlighted mechanism of resistance is 

the downregulation of CD19 antigen. There have been 

studies able to identify emergent CD19 negative clones 

only after 2 cycles of Blinatumomab therapy (with 

complementary flow cytometry assays to check if 

commonly used flow cytometry antibodies competed with 

Blinatumomab bound to CD19). (12)  

Another mechanism regarding resistance consists of 

upregulation of PD-L1 (programmed death ligand 1) in 

tumor cells. On the other side, anti-tumor activity 

(endogenous) leads to upregulation of PD 1 on T cells, 

which eventually leads to T cell anergy and consequently 

suppression of immunity (through the PD1-PD-L1 

pathway, known to bear responsibility for tumor cells 

immune escape). Thus, T cells activated by 

Blinatumomab won’t exhibit the same anti-tumor 

response because of the PD1- PD-L1 enhanced pathway 

of T cell inhibition (through modulation of T cell activity). 

Also, it appears that bispecific molecules usage can result 

in T cell exhaustion by continous exposure, given its 

regimen of infusion. Therefore, many implications have 

surfaced regarding the concomitant usage of immune 

check-point inhibitors such as Pembrolizumab or 

Nivolumab (that bind to PD1 and prevent its binding to 

PD-L1), taking into consideration their mechanism of 

action which has, as main purpose, activation of T cells. 

This could be a reliable solution to actively targeting resistance 

mechanism to bispecific molecules. (13), (14), (15), (16) 

Neurotoxicity from Blinatumomab can range from mild 

symptoms to serious adverse reactions, i.e from a mild 

headache, tremor, confusion, to disorientation, ataxia, 

seizure, aphasia and even coma/stupor. The mechanism 

that stands behind this is usually attributed to activated T 

cells that can disrupt the blood-brain barrier. 

Consequently, the bispecific molecule can bind to CD19 

positive cells in the CNS and cause cytokine release. It is 

considered that patients with actual CNS involvement 

may be at greater risk of severe neurotoxicity, but also, 

given the fact that there is a variable expression of CD19 

in the CNS, there could be subsets of patients more 

affected by the adverse neurological side effects. These 

manifestations occured more frequently during the first 7 

days of infusion in most clinical trials and most of them 

have been resolved with the use of corticotherapy and 

cessation of administration. (17), (18), (19) 

Another cause of concern regarding neurotoxicity is 

represented by tumor burden before Blinatumomab 

therapy and its correlation with the amplitude of adverse 

reactions. Many studies have brought in full sight the idea 

that bispecific molecules could be of more use in what 

concerns efficacy and safety it they were administered in 

frontline therapies and not necessarily at relapse. Also, it 

is generally accepted that prephase with corticosteroids is 

mandatory when patients present with more than 50% 

bone marrow blasts and more than 15000 

monocytes/mmc (blasts)- which was also the case 

concerning our patient at 1st disease relapse. Moreover, 

elevated LDH contributes to the proof of a rapidly 

advancing disease with unpredictable course of 

progression. All these aspects could suggest that the 

higher the tumour burdern, the greater the risk of cytokine 

release syndrome and other severe side effects when using 

bispecific molecules. (20), (21), (22) 

Another aspect of discussion is the presence of aberrrant 

myeloid markers, which represent a frequent anomaly 

encountered in ALL. One of the most common myeloid 

antigen present in available studies was CD13, followed 

by CD33. There is contradictory data regarding prognosis 

value and outcome impact. Some studies found the 

presence of myeloid markers to be of unfavorable 

prognostic value, while others attested no difference in 

outcome and survival in patients with aberrant 

imunophenotype characteristics. However, presence of 

myeloid aberrant markers has been more frequently seen 

in Philadelphia chromosome-positive ALL, both in the 

pediatric and the adult population. (23), (24), (25) 

An intricate challenge brought by these phenotypic 

anomalies is making an accurate differential diagnosis 

between biphenotypic and bilineal (mixed phenotype) 

acute leukemia. Biphenotypic leukemia is defined when 

blasts express myeloid and lymphoid antigens 

concomitantly in a single blast population, with a score of 

at least 2 points in the EGIL criteria for biphenotypic 

leukemia (European Group for Immunological 

Characterization of Acute Leukemia), meaning that MPO 

(myeloperoxidase- major myeloid antigen) and another 

major antigen of other lineage- either B or T cell origin, 

should be present. Bilineal leukemia, on the other side, 
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refers to a hematopoietic malignancy when blasts cannot 

be classified as either myeloid or lymphoid, or when 

blasts from both lineages are present (two or more distinct 

blast populations). All in all, the principle of reciprocal 

intensity of myeloid and lymphoid markers applies, flow 

cytometry being a very useful tool in assessing this 

complex diagnosis. (24), (26), (27) 

Returning to our key event, the phenotype switch towards 

myeloid lineage, specifically atypical APL, it is important 

to note that this was a diagnosis established through a 

correlation between clinical evolution and 

complementary laboratory data. Taking into consideration 

that it was not a typical case of a PML::RARA positive 

APL- not manifesting the specific chromosomal 

translocation t (15;17), the criteria that hold this diagnosis 

were the DIC, the morphological aspect and the flow 

cytometry characteristics.  

It is known that there are cases of APL due to variant 

translocations (with different fusion partners for RARA 

gene), with similar morphologic features as the classic 

form of APL. However, a rare form of APL (less than 1%), 

specifically ZBTB16-RARA t(11;17), holds both AML 

M2 and M3 features (including sometimes low 

granulation or absence of typical bilobed nucleus), 

showing an intermediary aspect on bone marrow 

aspirates- which was also described in our case report. 

Interestingly, it is considered a refractory form, showing 

lack of differentiation to retinoids and also severe, hardly 

manageable DIC. Usually, cytogenetics analysis (FISH 

studies and karyotype analysis) should be able to 

determine the presence of such variant- but our patient had 

a complex karyotype at 2nd disease relapse, without 

possibility to determine the exact formula (on multiple 

subsequent evaluations). Also, even though an intensive 

AML induction regimen was administered, along with 

ATRA, no significant improvement was observed. There 

are few cases reported carrying this specific mutation 

where complete remission was achieved at a second 

reinduction along with ATRA administration, followed by 

maintenance therapy with ATRA. Unfortunately, we 

didn’t achieve the same result in our patient. Still, it 

should be brought to attention that this is the case of an 

APL diagnosed at relapse from B-ALL and not the novo APL 

without a prior diagnosed malignancy. (4), (28), (29), (30)  

 

Conclusions 

This is the case of a phenotype switch in a patient 

diagnosed with B ALL- common B, who underwent both 

classical chemotherapy and bispecific monoclonal 

anitbody therapy- Blinatumomab, towards AML- 

refractory atypical APL variant.  

The key points that stand firm regarding this diagnosis are 

the bone marrow morphology, the bone marrow aspirate 

flow cytometry, the clinical evolution and outcome 

(severe DIC with severe mucocutaneous bleeding). 

Secondary AML was not considered a feasible diagnostic 

option, given the early relapse and the absence of 

dysplastic elements on repeated bone marrow 

examinations (both during consolidation and maintenance 

therapy).  

Once again it has been proven that laboratory techniques 

and quality assays are extremely valuable, mandatory and 

necessary in what concerns establishing an accurate 

diagnosis in hematology, as they can dictate the course of 

medical action taken by the clinician. 

 

Abbreviation list 

ALL- acute lymphoblastic leukemia 

AML- acute myeloid leukemia 

APL- acute promyelocytic leukemia 

ATRA- all trans retinoic acid 

BM- bone marrow 

CPP- cryoprecipitate 

DIC- disseminated intravascular coagulation 

EGIL- European Group for the Immunological 

Classification of Leukemia  

FAB classification system- French-American- British 

classification system 

FBC- full blood count 

FISH- fluorescence in situ hybridization 

FFP- fresh frozen plasma  

GRAALL- Group for Research on Adult Acute 

Lymphoblastic Leukemia 

LDH- lactic acid dehydrogenase/ lactate dehydrogenase  

MPO- myeloperoxidase 

PBS- peripheral blood smear 

PD1- programmed cell death protein 1 

PD-L1- programmed cell death ligand 1 
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