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Lymphoblastic Leukemia/Lymphoma

Qian-Yun Zhang

Lymphoblastic leukemia/lymphoma (i.e., acute lymphoblas-
tic leukemia/lymphoma or ALL) is the most common type of 
cancer in childhood. The age-adjusted incidence rate is 
3.1/100,000 in children, so approximately 2500–3000 chil-
dren are diagnosed with acute lymphoblastic leukemia 
(ALL) each year in the United States). Approximately 
80–85% of the cases are B-ALL and 10–15% are T-ALL 
(Table 9.1). Approximately 75% of ALL occurs in children 
under 6 years old, but it can occur at any age [1, 2]. Genetic 
factors play important roles in cancer initiation. ALL with 
t(12;21) ETV6-RUNX1 fusion is found in newborn blood 
spots from Guthrie cards in patients who developed ALL 
later. Patients with Down syndrome have an increased risk 
for ALL, and twins and siblings of ALL patients also have an 
increased incidence of ALL [3]. Other factors that may con-
tribute to the risk of developing ALL include radiation expo-
sure, increased maternal age, male sex, and Caucasian race. 
Patients typically present with anemia, thrombocytopenia, 
and/or neutropenia-related signs and symptoms such as 
fatigue, weakness, shortness of breath, easy bruising, bleed-
ing, and infection. A typical diagnostic workup for ALL 
patients is listed in Tables 9.2 and 9.3, with findings illus-
trated in Figs. 9.1, 9.2, 9.3, 9.4, 9.5, 9.6, 9.7, 9.8, 9.9, 9.10, 

9.11, 9.12, 9.13, 9.14, 9.15, 9.16, 9.17, 9.18, 9.19, 9.20, 9.21, 
9.22, 9.23, 9.24, 9.25, 9.26, 9.27, 9.28, 9.29, 9.30, 9.31, 9.32, 
9.33, 9.34, 9.35, and 9.36.

Although ALL is primarily a disease of blood and bone 
marrow, some patients may present with extramedullary dis-
ease and have less than 25% blasts in the marrow; those 
patients meet criteria for lymphoblastic lymphoma (LBL). 
The definition of acute lymphoblastic leukemia (ALL) 
requires greater than 25% of blasts in the bone marrow, but 
this definition is arbitrary. ALL and LBL are biologically 
similar but differ in their clinical manifestations; they are 
collectively called ALL.  Both B-ALL and T-ALL may 
exhibit a spectrum of maturation. Tables 9.4 and 9.5 sum-
marize the immunophenotypic characteristics of the differ-
ent stages.

The prognosis of ALL depends on clinical features, labo-
ratory findings, genetic aberrations, and responsiveness to 
chemotherapy (Tables 9.6, 9.7, and 9.8 and Figs. 9.37, 9.38, 
and 9.39) [2, 4–6]. The overall complete remission rate in 
children is greater than 95% but it is much lower (60–85%) 
in adults. The survival rate is greater than 90% in children, 
40% for ages 25 to 59  years, and less than 20% in older 
patients [7–10].
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Table 9.1  2017 WHO classification of ALL

B-lymphoblastic leukemia/lymphoma, NOS
B-lymphoblastic leukemia/lymphoma with t(9;22)(q34.1;q11.2); BCR-ABL1
B-lymphoblastic leukemia/lymphoma with t(v;11q23.3); KMT2A rearranged
B-lymphoblastic leukemia/lymphoma with t(12;21)(p13.2;q22.1); ETV6-RUNX1
B-lymphoblastic leukemia/lymphoma with hyperdiploidy
B-lymphoblastic leukemia/lymphoma with hypodiploidy (hypodiploid ALL)
B-lymphoblastic leukemia/lymphoma with t(5;14)(q31.1;q32.3); IL3-IGH
B-lymphoblastic leukemia/lymphoma with t(1;19)(q23;p13.3); TCF3-PBX1
B-lymphoblastic leukemia/lymphoma, BCR-ABL1–like
B-lymphoblastic leukemia/lymphoma with iAMP21
T-lymphoblastic leukemia/lymphoma
Early T-cell precursor lymphoblastic leukemia
Provisional entity: Natural killer (NK) cell lymphoblastic leukemia/lymphoma

Table 9.3  Bone marrow staging at follow-up; cerebrospinal fluid staging

BM stages BM findings

M1 marrow <5% blasts

M2 marrow 5% to <25% blasts

M3 marrow ≥25% of blasts

CSF stages CSF findings

CNS1 No detectable leukemia cells in the CSF

CNS2 <5 white blood cells per microliter of blood and a positive cytospin preparation for blasts

CNS3 >5 white blood cells per microliter and a positive cytospin

BM bone marrow; CSF cerebrospinal fluid

Table 9.2  Common tests recommended at the diagnosis and follow-up of ALL

Tests When to do Value of the test

Complete blood count At diagnosis and follow-up For diagnosis and to assess hematopoiesis

Bone marrow aspiration and 
core biopsy

At diagnosis and follow-up For diagnosis and to assess residual disease and hematopoiesis

Flow cytometric study At diagnosis and optional at follow-up To detect leukemic cells and to monitor minimal residual 
disease

COG FISH panel in pediatric 
patients

At diagnosis and optional at follow-up For prognosis and monitoring if there is established abnormality

Cytogenetic analysis At diagnosis and optional at follow-up For prognosis, for monitoring if there is established 
abnormality, for detection of clonal evolution

Molecular study for BCR-
ABL1 fusion

At diagnosis and follow-up For monitoring

Ph-like workupa At diagnosis For prognosis

Metabolic panel At diagnosis and optional at follow-up To assess physiological status

Tumor lysis syndrome workup At diagnosis and optional at follow-up To assess the presence and severity of tumor lysis syndrome

Cerebrospinal fluid At diagnosis and follow-up For prognosis and monitoring

Radiographic study At diagnosis, optional To assess extramedullary involvement

COG Children’s Oncology Group; FISH fluorescence in situ hybridization
aPh-like (BCR-ABL1-like): ALL with gene expression profile similar to Ph + ALL but without BCR-ABL1 fusion
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Fig. 9.1  A complete blood count (CBC) is an essential part of the 
workup for acute lymphoblastic leukemia/lymphoma (ALL) (Table 9.2). 
Peripheral blood smear review often reveals circulating blasts. This 
peripheral blood from a 5-month-old boy with a recent diagnosis of 
B-lymphoblastic leukemia shows two blasts and a neutrophil. The 
blasts are small to intermediate in size and have scant blue cytoplasm, 
fine to slightly clumped chromatin, and one or two prominent nucleoli. 
Scattered platelets are seen in the background. When caught early, the 
patient may not have peripheral blood cytopenias, such as in this case, 
but most patients will present with cytopenia-related signs and symp-
toms such as fatigue, weakness, dizziness, or shortness of breath sec-
ondary to anemia; infection secondary to neutropenia; bleeding or 
bruising secondary to thrombocytopenia; pain in arms, legs, or joints 
due to leukemic cell infiltrate; and systemic symptoms such as unex-
plained weight loss

Fig. 9.3  Typically the bone marrow aspirate reveals predominantly 
lymphoblasts of variable size ranging from small to large. Normal 
hematopoietic elements are markedly reduced. In this image, a lonely 
erythroid precursor (red arrow), two myelocytes (black arrows), and 
two lymphocytes (blue arrows) are admixed with lymphoblasts

Fig. 9.2  ALL blasts can exhibit various morphology, such as seen in 
this composite image. The blasts can range from small to large in size. 
The nuclei can be round or slightly cleaved (a). Most blasts have scant 

blue cytoplasm, but rarely the blast can have moderately abundant cyto-
plasm with coarse azurophilic granules (b). Blasts can have deeply 
cleaved nuclei (c,e,f) or flower-shaped nuclei (d)
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Fig. 9.6  High-power view of the bone marrow core biopsy demon-
strates the lymphoblasts in detail. The blasts exhibit variation in size and 
have condensed to open chromatin, round to deeply cleaved nuclear 

contours, and inconspicuous to prominent nucleoli. Immunohistochemical 
stains demonstrate that the blasts express CD79a, CD34, and CD19, and 
a subset of cells also express CD20

Fig. 9.5  Low-power view of a bone marrow core biopsy shows that the 
marrow is diffusely replaced by lymphoblasts. Admixed is markedly 
reduced trilineage hematopoiesis. Rare megakaryocytes can be seen at 
this low power

Fig. 9.4  Higher-power view of the bone marrow aspirate reveals lym-
phoblasts with slightly clumped chromatin pattern in the small blasts, to 
open and fine chromatin in the large blasts. In comparison, two small 
mature lymphocytes (blue arrows) are also present
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Fig. 9.7  Rarely, the marrow can be necrotic. As shown in this case, the 
marrow is completely necrotic, and the immunophenotype by both flow 
cytometry and immunohistochemical stains failed to establish the diag-

nosis. There were no circulating blasts in the peripheral blood. The 
patient had to undergo repeated bone marrow biopsy to finally reach the 
diagnosis of B-ALL

Fig. 9.8  (a) This patient had significant absolute eosinophilia in the 
peripheral blood (red arrow) in addition to circulating blasts (black 
arrow). (b) In the bone marrow aspirate, there were markedly increased 
eosinophilic precursors with mixed, coarse eosinophilic and basophilic 
granules (red arrows). (c) The bone marrow core biopsy showed the 
presence of numerous lymphoblasts with admixed eosinophilic precur-
sors (red arrows). Cytogenetic study revealed translocation t(5;14)
(q31;q32) IL3-IGH. This translocation involves the IL3 gene and IGH 

gene, resulting in constitutive overexpression of the IL3 gene, which 
leads to reactive eosinophilia. The eosinophils are not part of the neo-
plastic clone. The clinical aspects, blast morphology, and prognosis are 
no different from those of other types of B-ALL. The caveat regarding 
this type of B-ALL is that the patient may present with eosinophilia 
without circulating blasts. Therefore, a high index of suspicion is 
required in patients with eosinophilia without an apparent etiology. 
Bone marrow biopsy may be required to establish the diagnosis
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Fig. 9.9  ALL predominantly presents as de novo disease but occasion-
ally can present as a blast crisis in patients with chronic myeloid leuke-
mia (CML). This blood smear is from a 28-year-old man who presented 
with CML in chronic phase in the peripheral blood. Bone marrow 
biopsy revealed a blast phase with B-ALL. BCR-ABL1 transcript is 
shown in Fig. 9.26

Fig. 9.10  Cerebrospinal fluid (CSF) testing is part of the standard 
workup for ALL (Tables 9.2 and 9.3). It is done at the time of diagnosis 
and periodically thereafter. A positive CSF as depicted in this image 
predicts an adverse prognosis. A monocyte with a moderate amount of 
pale cytoplasm is also seen in this image. Continuous monitoring of 

CSF (and testicular examination) will detect relapse of ALL, as the 
CNS and testes are sanctuary sites for the leukemic cells and are often 
the sites of relapse. Lumbar puncture also allows intrathecal delivery 
of chemotherapy such as methotrexate as standard of care for ALL 
patients

Fig. 9.11  Not infrequently, lumbar puncture may be traumatic and 
produce samples with peripheral blood (PB) contamination, as depicted 
in this image. Four blasts are present in a background of numerous red 
blood cells and a mature lymphocyte (blue arrow). It is not possible to 
distinguish whether the blasts come from PB or CSF. In this situation, a 
concurrent review of a PB smear is paramount to exclude a blood ori-
gin. If there are no blasts present in the PB, it is safe to assume that the 
blasts are from the CSF. If blasts are also present in the PB, a repeat 
CSF in a week or so should be recommended for further assessment
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Fig. 9.12  Flow cytometric study of the blood and/or bone marrow 
should be performed whenever possible. Flow allows detection of six to 
ten antibodies simultaneously. It also allows one to detect aberrant 
expression of antigens with a much broader antibody panel and a sensi-
tivity that is much superior to immunohistochemistry. It is an excellent 
tool for detecting minimal residual disease in the follow-up samples. 
ALL may arise from precursors at different maturation stages, as shown 
in Tables 9.4 and 9.5. Some cases of ALL have an immature immuno-

phenotype, whereas others may exhibit mature immunophenotype. This 
composite flow plot illustrates a typical B-ALL flow finding, which is 
seen in most cases of B-ALL. The red population represents ALL cells 
that are positive for weak CD45; B-cell markers CD10, CD19, CD79a, 
and CD22; and immature cell markers CD34 and TdT. The blasts are 
negative for surface immunoglobulin light chains and the myeloid 
marker CD33
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Fig. 9.13  Immunophenotype is closely associated with cytogenetic 
findings in certain types of ALL. Cytogenetic study is paramount in the 
workup of ALL, as cytogenetic abnormalities predict prognosis (Tables 
9.6 and 9.7). This is an example of B-ALL with translocation (1;19)
(q23;p13.3) TCF3-PBX1. The blast population is painted red on the 
upper panel and blue on the lower panel. Characteristically, ALLs with 
this translocation have a mature immunophenotype (i.e., negative for 
CD34). The blasts often express cytoplasmic μ chain (not done in this 

case) and a spectrum of CD20. The other markers expressed by the 
blasts include CD10, CD79a, TdT, and dim CD45. ALL with t(1;19) 
TCF3-PBX1 accounts for 6% of B-ALL cases in children, but it is less 
common in adults. The clinical and morphologic features are indistin-
guishable from other types of ALL. TCF3-PBX1 fusion has an onco-
logic effect. Patients with TCF3-PBX1 ALL have an intermediate 
prognosis and a higher chance of CNS relapse
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Fig. 9.14  ALL can occasionally express myeloid markers such as 
CD13 and CD33. This is especially prevalent in ALL with BCR-ABL1 
fusion-associated translocation 9;22 (Ph + ALL). Therefore, it is impor-
tant to perform cytogenetic and/or fluorescence in situ hybridization 
(FISH) and/or polymerase chain reaction (PCR)-based molecular stud-
ies to exclude the translocation, as BCR-ABL1 fusion-positive ALL car-
ries the worst prognosis of all types of ALL. Ph + ALL accounts for 
25% of adult ALL and only 2% to 4% of pediatric ALL. Most Ph + ALL 
cases in children produce a p190 BCR-ABL1 fusion (see Fig. 9.27 A and 

B, red curve; black curve is housekeeping gene). About half of adult 
ALL cases produce p190 BCR-ABL1 fusion, and the other half produce 
p210 BCR-ABL1 fusion (see Fig.  9.26 A–C, green curve. The black 
curve is housekeeping gene. The red curve is p190 transcript, which is 
often seen at a low copy number at the diagnosis and often disappears 
after treatment). Ph + ALL tends to have hyperleukocytosis and poor 
response to therapy. Patients often have concurrent IKZF1 mutation. 
Treatment of Ph + ALL has included a tyrosine kinase inhibitor such as 
imatinib, dasatinib, and nilotinib
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Fig. 9.15  Another type of ALL with a unique immunophenotype is 
ALL with KMT2A (i.e., MLL) gene rearrangement. KMT2A has many 
translocation partner genes, with t(4;11)(q21;q23) involving AF4 and 
KMT2A genes being the most common. This translocation may occur in 
utero with a short latency between the translocation and the develop-
ment of disease. Approximately 80% of ALLs in infants less than a year 

old have the KMT2A rearrangement. There is an increased risk of CNS 
involvement. The lymphoblasts are early precursors and are character-
istically negative for CD10. They express CD19, CD79a, and CD22. 
They can also express myeloid markers such as CD13 and CD15. 
Leukemia with KMT2A translocation has a poor prognosis [11]
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Fig. 9.16  As a routine test at the time of diagnosis, DNA index reflects 
the number of chromosomes in the cells (Table 9.2). This flow-based 
test measures DNA index with an internal diploid standard (DNA index 
of 1.0). As illustrated in this example, the leukemic cells are diploid, 
and therefore the leukemic cell peak overlaps completely with the con-

trol population; thus a single peak is seen (diploid G0-G1 mean) and the 
DNA index of the blasts is 1.0. The method also measures the percent-
ages of cells in the S phase, G2 phase, and metaphase (diploid G2-M 
mean), although they do not have prognostic significance
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Fig. 9.17  In this DNA index 
study, the leukemic cells are 
aneuploidy with a DNA index 
of 1.22 (i.e., hyperdiploidy). 
The leukemic cell DNA 
content forms a separate peak 
(red peak, aneuploid G0-G1 
mean). The diploid G0-G1 
mean peak can be seen on the 
left as an internal control 
(green peak, diploid G0-G1 
mean)
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Fig. 9.19  The hyperdiploid karyotype depicted in this image (left) 
including triple trisomy of chromosomes 4, 10, and 17 is from a 2-year-
old boy who presented with low white blood cell (WBC) count and a 

negative CSF; this is predictive of a good prognosis. On the right is 
FISH for centromeres of chromosomes 4, 10, and 17. Three copies of 
each chromosome (red, green, and aqua) are demonstrated here
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Fig. 9.20  On the contrary, this hypodiploid karyotype is indicative of a poor outcome [12]. This karyotype reveals a near-haploid cell line with 
two copies of chromosomes X, 9, 14, 18, and 21

Q.-Y. Zhang
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Fig. 9.21  Fluorescence in situ hybridization (FISH) is often used in 
conjunction with karyotype and molecular studies to identify cytoge-
netic abnormalities such as translocations, deletions, duplications, or 
chromosome numeric abnormalities. The advantage of FISH is that it 
can be performed on interphase cells and can detect deletions and addi-
tions that are submicroscopic on karyotype. In patients with a dry tap or 
when the cells fail to grow, FISH can be done on the touch preparations 
or direct smears. In this 48-year-old woman with ALL, conventional 

karyotype failed owing to a lack of growth. (a) FISH on the aspirate 
smear illustrates two copies of BCR-ABL1 fusion (white arrows), one 
copy of the normal BCR gene (green) and one copy of normal ABL1 
(red) in the majority of the cells. (b) However, a small subset of cells 
demonstrates three fusion signals (white arrows) in the cells on the left. 
This finding is indicative of a clonal evolution in a minor subset of 
blasts

9  Lymphoblastic Leukemia/Lymphoma
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Fig. 9.22  Translocation 12;21 in ALL is regarded as a good prognostic 
indicator. However, this translocation is cryptic and cannot be detected 
by karyotype (left). FISH is required to establish the diagnosis (right). 
The t(12;21) translocation is the most common translocation in pediat-
ric ALL, accounting for 20% of cases. It is not seen in infant ALL, and 
it is rare in adult ALL. The clinical and morphologic findings resemble 
other ALLs. Immunophenotype is similar to other ALLs, except for 
frequent CD13 expression. In this image, the left panel is a chromo-

somal study that reveals a normal karyotype 46,XX. FISH study shows 
an abnormal signal consistent with ETV6/RUNX1 (i.e., TEL/AML1) 
fusion. The finding is atypical, as only one fusion signal is present. In 
addition, there is loss of the normal ETV6 region (no normal green 
signal). These atypical findings can be seen in FISH and are most likely 
secondary to loss of a fragment of DNA, or the remaining portion of the 
gene is too small for the FISH probes to hybridize. ALL with transloca-
tion of t(12;21) carries good prognosis

Fig. 9.23  Cytogenetic study in this 12-year-old girl shows a karyotype 
of complex abnormalities. On the Children’s Oncology Group (COG) 
FISH panel, there are three copies of the ABL1 gene (a) and multiple 
copies of the RUNX1 gene (i.e., intrachromosomal amplification of the 
RUNX1 gene or iAMP21) (b, c). Further workup for the ABL1 abnor-
mality is required, as the ABL1 rearrangement is considered Ph-like 

ALL and carries a poor prognosis similar to that of Ph + ALL (Table 9.8) 
[13–21]. Nonetheless, this patient would be stratified as having poor 
prognosis based on age, complex karyotype, and iAMP21. ALL with 
iAMP21 tends to occur in older patients, presents with a low WBC 
count, and carries a poor prognosis [22]
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Fig. 9.24  Patients with Down syndrome (DS) may exhibit benign 
hematologic abnormalities such as transient abnormal myelopoiesis in 
neonates and persistent macrocytosis without anemia. They also have a 
tenfold to 20-fold increase in the incidence of hematologic malignan-
cies, namely, acute myeloid leukemia of megakaryocytic lineage and 
B-ALL.  Some postulate that RUNX1, CRLF2, and/or CBS genes on 
chromosome 21 may play a role in clonal transformation in DS; others 
have suggested that many other genes also may be involved. B-ALL in 

DS is often associated with a hypodiploid karyotype and occasionally 
favorable karyotypes [23, 24]. DS patients with ALL usually have a 
good clinical outcome. These patients are particularly sensitive to che-
motherapy, so appropriate dosage is important. CRLF2 abnormalities, 
often associated with JAK mutations, are seen in over 50% of DS-ALL 
(Table 9.8). Cytogenetic study on this 25-year-old man with DS shows 
constitutional trisomy 21 (red arrow). No other abnormality was 
detected
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Fig. 9.25  Occasionally, the karyotype can be highly complex, as illus-
trated here with 72 chromosomes. However, this is not a hyperdiploidy 
karyotype. On careful examination, this is a hypertriploid male chro-
mosome complement. There are extensive structural and numerical 
abnormalities consisting of extra copies of chromosomes, loss of chro-

mosomes, deletion, additional materials, a translocation, and two to 
seven marker chromosomes of unknown origin. This complement rep-
resents endoreduplication of a hypodiploid karyotype and predicts a 
poor outcome in this patient. Hypodiploid ALL tends to have a higher 
chance of relapse
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Fig. 9.26  In patients with Ph + ALL, the role of assessing the BCR-
ABL1 fusion transcript is not as well established as in chronic myeloid 
leukemia. However, data indicate that molecular response assessed by 
quantitative polymerase chain reaction (qPCR) is associated with out-
come. Complete molecular response (CMR) is defined as the absence 
of detectable BCR-ABL1 transcript with an assay sensitivity of 0.01%. 
Major molecular response (MMR) is defined as BCR-ABL1:ABL1 ratio 
≤ 0.1% on the international scale (IS) for p210 BCR-ABL1 or a three-
log reduction for p190 BCR-ABL1, but not meeting criteria for 
CMR. Studies show that MMR at 3 to 6 months and sustained CMR 
correlates with superior survival and excellent long-term outcomes [25, 
26]. In this illustration, the black curve is the transcript of the house-
keeping gene ABL1, the green curve is the p210 BCR-ABL1 transcript, 
and the red curve is the p190 BCR-ABL1 transcript. (a) At the time of 

B-ALL diagnosis in this 48-year-old woman, a p210 BCR-ABL1/ABL1 
transcript ratio of 0.86 is present, which indicates a high copy number 
of BCR-ABL1 fusion transcript, typically seen at the time of diagno-
sis (green curve). Black curve is housekeeping gene, used as internal 
quality control. A minor product of p190 BCR-ABL1 (red curve) at a 
very low level is commonly present in the background, only seen at 
diagnosis when the major transcript level is high; it often disappears 
after treatment. This transcript may represent a product of alternative 
splicing. (b) BCR-ABL1 transcript at 3  months with a BCR-ABL1/
ABL1 ratio of 0.00031. It fulfills the criteria for MMR, but not CMR, 
as there are still detectable transcripts. C At the 5-month mark, the 
patient has achieved CMR with no detectable transcript, no more green 
or red curves. Only the housekeeping gene (black curve) is present
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Fig. 9.27  A 13-year-old boy diagnosed with Ph ± B-ALL had a p190 BCR-ABL1/ABL1 ratio of 1.01 (red curve), a level typically seen at diagnosis 
(a). One month later (b), the transcript has dropped to 0.00053, a more than three-log reduction, which meets the criteria for MMR
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Fig. 9.28  The classic presentation of T-ALL/lymphoblastic lymphoma 
(LBL) is mediastinal lymphadenopathy in an adolescent or a young 
adult man [27, 28]. T-ALL is more common in adults, accounting for 
20–25% of adult ALL. There is a male predominance, and it often pres-
ents with high WBC count, as well as lymphadenopathy, organomegaly, 
and an anterior mediastinal mass. The lymph node biopsy illustrated 
here was taken from a 15-year-old boy with a mediastinal mass and 

cervical lymphadenopathy, as well as pleural effusion. The low-power 
view exhibits a diffuse lymphoid infiltrate replacing the entire lymph 
node. On high power (Inset B), the blasts have scant cytoplasm, round 
to slightly irregular nuclear contours, relatively condensed to open 
chromatin, and occasional prominent nucleoli. On the cytospin prepara-
tion of the pleural fluid (Inset A), numerous blasts are seen surrounding 
a macrophage

Fig. 9.29  This is the same patient as Fig. 9.28. The blasts express CD3 (a), TIA1 (b), and TdT (c) by immunohistochemical stains. Flow cytometric 
study is shown in Fig. 9.33
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Fig. 9.30  Although T-ALL/LBL typically manifests as nodal or bone 
marrow disease, extranodal involvement can occur with or without 
mediastinal involvement. This 11-year-old boy with a history of chronic 
constipation presented to the emergency room with fever, vomiting, and 
progressing abdominal pain. Esophagogastroduodenoscopy identified 

multiple grape-like masses throughout the duodenum. Additional 
radiographic studies detected an anterior mediastinal mass. In this duo-
denal biopsy, there is a mild mucosal and submucosal lymphoid infil-
trate (left image), which focally destroys duodenal glands, as depicted 
in the high-power view on the right

Fig. 9.31  Immunohistochemistry on the same patient as Fig.  9.30 
shows that the T-ALL cells express CD3, CD5, CD7, CD43, CD45, 
and BCL2. They are negative for CD2, CD4, CD8, CD34, TIA, 

EBER, BCL6, and lysozyme. Representative immunohistochemical 
stains are illustrated: CD2 (a), CD5 (b), CD7 (c), CD4 (d), CD8 (e), 
and CD34 (f)
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Fig. 9.32  Flow cytometry study on the peripheral blood sample from 
the same patient as Figs. 9.30 and 9.31 shows an abnormal population 
of T cells (light aquamarine), which express cytoplasmic CD3 and CD7 

and are weakly positive for CD45 and a minor subset weakly positive 
for CD4, CD5, and CD33. They are negative for surface CD3, CD2, 
CD8, CD34, CD56, CD57, TCR a/b, and TCR g/d
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Fig. 9.33  Typical T-ALL/LBL immunophenotype, from the patient in 
Figs. 9.28 and 9.29, reveals that the lymphoblasts (bright green popula-
tion) express CD1a, CD2, CD5, CD7, CD4, spectrum of CD8, and 
fairly bright CD45. They are negative for surface CD3. This immuno-

phenotype is called “double positive” for CD4 and CD8. Along with the 
positive CD1a, it corresponds to the cortical thymocyte (i.e., common 
thymocyte) stage in T-cell development (Table 9.5)
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Fig. 9.34  T-ALL/LBL can exhibit a “double negative” immunopheno-
type. This flow cytometry panel demonstrates that the lymphoblasts 
(aquamarine on top panel, deep green on the lower panel) express CD5, 
CD7, cytoplasmic CD3, TdT, and CD45. They are negative for CD2, 

CD4, CD8, HLA-DR, and CD34 (not shown). This immunophenotype 
most likely represents immature thymocytes (i.e., pre-T cells) 
(Table 9.5)
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Fig. 9.35  Early T precursor (ETP) T-ALL/LBL has a unique immuno-
phenotype and occurs in older patients. It is significant to recognize 
ETP T-ALL/LBL, as it carries a poor prognosis. By definition, blasts 
express CD7. They can also express CD2 and cytoplasmic CD3. The 
blasts can have CD4 but are negative for CD8. They characteristically 

express one or more of the myeloid or stem cell markers CD34, CD117, 
HLA-DR, CD13, CD33, CD11b, or CD65. This flow cytometry plot 
illustrates a typical finding in ETP T-ALL/LBL. The blasts are positive 
for CD7, CD2, cytoplasmic CD3, CD34, CD13, TdT, and subset 
HLA-DR. They are negative for surface CD3, CD4, CD8, and CD1a

Fig. 9.36  Abnormal karyotype is found in up to 55–70% of T-ALL/
LBL, including translocations and deletions [28]. The most common 
abnormality involves the T-cell receptor (TCR) loci (α and δ at 14q11.2, 
β at 7q34, and γ at 7p14), deletion of 6q, loss of 9p material through 
deletions or unbalanced translocations, trisomy 8, deletion of 11q, and 
loss of 12p (Table 9.7) [29–32]. In addition, amplifications and point 
mutations are commonly seen by molecular techniques. NOTCH1 acti-

vation mutation is seen in about 50% of T-ALL and likely contributes to 
T-ALL pathogenesis, but it is of unknown prognostic significance [33]. 
NOTCH1 encodes a transmembrane signaling protein that plays key 
roles in development and neoplasia. The karyotype in the image 
depicted is t(9;14)(q34;q11.2), NOTCH1/TRA (TCR). NOTCH1-TRA 
fusion is a rare occurrence in T-ALL [34]
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Table 9.4  Clinical, pathologic, and genetic findings in B-ALL of different stages

Characteristic Early precursor “Common” type Mature precursor

Clinical Infant Children and adults Children, less common in adults

Pathologic finding CD10 negative CD10 positive Cytoplasmic μ heavy chain, often CD34 negative

Cytogenetics KMT2A (MLL) rearrangement All types t(1;19)

Prognosis Poor All types Intermediate

Table 9.5  Markers expressed in T-ALL at different stages

Early T precursor (ETP)

 �   CD7 plus one or more of the immature or myeloid markers CD34, TdT, CD117, HLA-DR, CD13

 �   Can express cCD3 and CD2

Immature thymocyte (pre-T cell, double negative)

 �   TdT, CD7, CD2, cCD3, variable CD34, variable HLA-DR

Common thymocyte (cortical thymocyte, double positive)

 �   CD1a, CD2, CD5, CD7, CD4, CD8

Mature thymocyte (medullary thymocyte, either CD4 or CD8)

 �   sCD3, CD2, CD5, CD7, CD4, or CD8

Table 9.6  Risk stratification based on clinical findings, initial laboratory tests, and cytogenetic aberrations

Characteristics Favorable Unfavorable

Age at diagnosis 1–10 y <1 y or ≥10 y

Sex Female Male

WBC at diagnosis <50 × 109/L ≥50 × 109/L

CNS stage CNS1 CNS2, CNS3

Cytogenetics Hyperdiploid > 50 chromosomes; triple trisomy of 
chromosomes 4, 10, and 17; t(12;21) EVT6-RUNX1

Hypodiploid; t(9;22) BCR-ABL1, KMT2A 
rearrangement, iAMP21, t(17;19) TCF3-HLF

Response to therapy

Morphology M1 at end of induction M2, M3 at end of induction

Flow analysis MRD < 0.1% by flow MRD > 0.1% by flow

qPCR for BCR-ABL1 transcript MMR or CMR by 6 months Did not achieve MMR by 6 months

CMR complete molecular response; MMR major molecular response; MRD minimal residual disease; qPCR quantitative polymerase chain reac-
tion; WBC white blood cell count

Table 9.7  Common types of cytogenetic abnormalities

Abnormality Tumor type Frequency Prognosis

Hyperdiploid B-ALL 25% Favorable

t(12;21) ETV6-RUNX1 B-ALL 20% Favorable

Ph-like ALL (BCR-ABL1-like) B-ALL 9% Unfavorable

KMT2A rearrangement B-ALL 6% Unfavorable

t(1;19) TCF3-PBX1 B-ALL 4% Intermediate

t(9;22) BCR-ABL1 B-ALL 3% Unfavorable

iAMP21 B-ALL 2% Unfavorable

Hypodiploid B-ALL 1% Unfavorable

Translocation TCR loci T-ALL 30% of aberrant cases Unclear

Del 6p T-ALL 20% Unclear

Loss of 9p T-ALL 15% Unclear

Trisomy 8, del11q, del12p T-ALL 5–10% Unclear

NUP214-ABL1 fusion T-ALL 4–6% Unclear

NOTCH1 activation mutation T-ALL 50% Unclear

TCR T-cell receptor
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Table 9.8  Features of Ph-like (BCR-ABL1-like) ALL

Feature Comments

Frequency ~10% childhood ALL, ~15% high-risk ALL, 27% young adult ALL

Characteristics Increases with age

Higher WBC count at presentation

More common among males

Higher MRD at the end of induction

Inferior survival rate

NGS-based test Identifies fusions, point mutations, and expression levels from RNA input (81 genes associated with ALL, including all 
recurrent Ph-like ALL fusion events)

FISH-based test Identifies rearrangement of CRLF2, ABL1, ABL2, PDGFRB, CSF1R, JAK2, EPOR

Major genes involved
Genes Gene function Frequency Potential TKI
CRLF2 Associated with mutant JAK in 50% 

of cases; constitutive JAK-STAT 
activation

<3% pediatric B-ALL JAK inhibitor ruxolitinib

~10% in adult ALL

>50% in DS-ALL

JAK1/2 Constitutive JAK-STAT activation Up to 35% of DS-ALL JAK inhibitor ruxolitinib

EPOR Constitutive JAK-STAT activation 3.9% JAK inhibitor ruxolitinib

ABL1 ABL class tyrosine kinase 5% T-ALL ABL class inhibitors: imatinib, dasatinib, nilotinib

ABL2 ABL class tyrosine kinase – ABL class inhibitors: imatinib, dasatinib, nilotinib

PDGFRB ABL class tyrosine kinase 8% Ph-like ALL ABL class inhibitors: imatinib, dasatinib, nilotinib

CSF1R ABL class tyrosine kinase – ABL class inhibitors: imatinib, dasatinib, nilotinib

IKZF1 Kinase, a hallmark of Ph + ALL 15% pediatric ALL, 30% 
adult ALL, > 60% Ph + ALL

–

DS-ALL Down syndrome-associated ALL; FISH fluorescence in situ hybridization; MRD minimal residual disease; NGS next-generation sequencing; 
TKI tyrosine kinase inhibitor; WBC white blood cell

Fig. 9.37  Response to chemotherapy is significant in predicting prog-
nosis. Early responders have superior outcome. (a) Bone marrow 
biopsy at day 14 of chemotherapy was routinely done years ago but is 
no longer required, given the improved sensitivity of detecting minimal 
residual disease (MRD) from peripheral blood by flow cytometric anal-
ysis. At day 14, the typical finding in patients responding to chemo-
therapy is essentially an acellular marrow with a few scattered 

fibroblasts, endothelial cells, plasma cells predominantly around ves-
sels, scattered lymphocytes, and macrophages with hemosiderin pig-
ment in a background of profound fibrinoid necrosis (chemotherapy 
effect). The hematopoietic cells are absent. (b) Bone marrow biopsy at 
day 29. It illustrates the beginning of bone marrow recovery, with a 
predominance of erythroid precursors. A few megakaryocytes can be 
appreciated. Myeloid lineage will soon follow
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Fig. 9.38  Day 15 marrow 
from a 17-year-old female 
with residual disease. The 
marrow is markedly 
hypocellular, indicating 
response to chemotherapy. 
However, there are clusters of 
cells present, and on high 
power (inset), the cells are 
morphologically similar to the 
diagnostic blasts. Flow 
cytometric study confirms 
residual disease. This finding 
is predictive of a less 
favorable prognosis
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Fig. 9.39  A challenge during MRD assessment is to distinguish lym-
phoblasts from hematogones, which can be prominent in post-
chemotherapy marrows. Lymphoblasts usually form a cluster on the 
flow cytometry plot. Hematogones characteristically exhibit a spectrum 
of maturation on CD20 expression and often loss of CD34 expression 
in the majority of cells. The differences between lymphoblasts and 
hematogones are illustrated in this composite flow plot. A 16-year-old 
boy diagnosed with BCR-ABL1-positive B-ALL experienced a slow 
response and eventually went into morphologic remission after 
3 months of treatment. Two months after he finished his 2-year ALL 

protocol treatment, his BCR-ABL1 transcript started to rise. A bone 
marrow biopsy and flow cytometric study were performed. A popula-
tion of blasts confirms relapse of his disease. The lymphoblasts form a 
tight cluster (red population) and express CD34, CD10, and CD19. 
They are negative for CD20. Hematogones (purple population) express 
both CD19 and CD10, but have lost CD34 expression in most cells and 
show a characteristic spectrum of CD20 expression (blue arrow). In 
contrast, the mature B cells (blue) express both CD19 and CD20, but 
are CD10 negative. Also seen are granulocytes (yellow) and monocytes 
(brown)
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