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This book presents a comprehensive and practical approach to the diagnosis 
of diseases that primarily affect the blood and bone marrow. These diseases 
encompass both benign and neoplastic disorders that affect cells of hemato-
poietic lineages (leukocytes, red cells and their precursors, platelets, and 
megakaryocytes) and present with abnormalities primarily manifesting in the 
blood. The diagnostic approach to malignant hematologic diseases has 
recently been updated in the revised World Health Organization Classification 
of Tumours of Haematopoietic and Lymphoid Tissues published in 2017 and 
this book uses the current classification and nomenclature.

The diagnosis and classification of abnormalities of hematopoiesis are 
increasingly complex and constantly changing, in part due to the rapid 
advance in molecular genetic testing and accelerating development of new 
therapies that requires us to constantly refine our ability to effectively diag-
nose and classify these diseases. Next-generation sequencing represents a 
powerful tool that is rapidly entering routine clinical practice. While sequenc-
ing results help us understand disease biologies and are critical in diagnosing 
certain neoplasms, they add to the large amounts of information that must be 
digested and incorporated for individual cases. This data includes clinical 
features, bone marrow and blood morphology, flow cytometry immunophe-
notyping, and cytogenetics, as well as molecular genetic information. This 
comprehensive information set must be integrated by the diagnostician for 
each case in arriving at a specific and correct diagnosis and classification, 
which should ideally inform clinical management. Moreover, the diagnosti-
cian must weigh each piece of data to resolve contradictory information that 
often emerges. The purpose of this book is to guide the diagnostician as he/
she navigates this process, providing detailed approaches to hematologic 
abnormalities and their differential diagnosis.

The book is uniquely organized by the specific clinical scenarios in which 
blood and bone marrow diseases present, rather than by each individual dis-
ease subtype. This allows the book to be used in real life situations, in which 
the diagnostician is confronted by abnormal blood and/or bone marrow test-
ing (e.g. thrombocytosis or pancytopenia) that has a broad differential diag-
nosis. Each chapter has been organized to maximize its practical utility, 
including introductory information about hematopoietic cell types in normal 
and abnormal states, as well as clinical features, morphology, immunopheno-
type, genetics, and differential diagnosis of each specific disease. All chapters 
are extensively illustrated with images that underscore the salient features of 
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the diseases discussed in the text and with tables that present diagnostic cri-
teria for neoplasms and differential diagnoses. Most chapters additionally 
contain algorithms that present a framework for the diagnostic approach to 
the specific clinical scenarios.

We are deeply indebted to all the authors who have contributed to this 
book and who have shared their collective wealth of experience in these chal-
lenging topics. We learned a great deal from our author colleagues in prepar-
ing this book; we hope that our readers will likewise benefit from the expertise 
put forth by this outstanding group of hematopathologists.

Houston, TX, USA
Boston, MA, USA

Sa A. Wang
Robert P. Hasserjian
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Identifying Blood and Bone 
Marrow Abnormalities 
in the Laboratory

Aliyah R. Sohani

 Overview

Automated analysis of peripheral blood samples 
for complete blood count (CBC) and white 
blood cell (WBC) differential evaluation was 
introduced in the early 1950s and since that time 
has developed into the primary approach by 
which blood samples are analyzed for cellular 
constituents and the main avenue through which 
hematologic abnormalities first come to clinical 
attention. Prior to that time, the CBC, one of the 
most commonly ordered laboratory tests, was 
performed using entirely manual methods. For 
example, WBC, red blood cell (RBC), and 
platelet counts were performed using dilution of 
whole blood samples followed by manual count-
ing under the microscope using a hemocytome-
ter counting chamber; hematocrit was 
determined by high- speed column centrifuga-
tion; and WBC differential analysis always 
required examination, classification, and enu-
meration of cells under the microscope. 
Inarguably, these methods proved very time-
consuming in a high-volume laboratory. 
Furthermore, manual WBC differential analysis 
is susceptible to errors related to consistency of 

cell classification between different observers, 
cell distribution artifact that results in larger cell 
types (e.g., neutrophils, monocytes, and eosino-
phils) being spread along the edges of a blood 
smear, and the inherent statistical limitation that 
stems from enumerating a relatively small num-
ber of cells, typically in the range of 100–200 
per sample.

Modern-day hematology instrumentation 
comprises multichannel analyzers that employ a 
combination of methods, including electrical 
impedance, light scatter, radiofrequency con-
ductivity, and/or cytochemistry, to perform cell 
counts [1]. The technology has evolved to the 
point that automated approaches to CBC and 
WBC differential analysis have proven to be 
efficient and cost-effective, as well as accurate 
and reliable in detecting clinically significant 
abnormalities. However, automated cell coun-
ters come with their own sources of error, con-
founding variables, and artifacts that may 
impede in the timely detection of peripheral 
blood abnormalities or result in falsely abnor-
mal test results. In addition, it is generally 
accepted that these instruments serve a dual pur-
pose as both diagnostic tools and screening 
devices, the latter implying that certain numeri-
cal abnormalities or analyzer- specific operator 
alerts (also known as “instrument flags”) should 
trigger microscopic blood smear review by a 
skilled laboratory technologist or pathologist, 
particularly at the time of their initial occur-
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rence. For these reasons, a general understand-
ing of the methods underlying  automated CBC 
and WBC differential analysis is critical to a 
sound diagnostic approach to disorders involv-
ing the blood and, by extension, originating 
from the bone marrow.

This chapter provides an overview of auto-
mated analysis of whole blood constituents, 
including RBCs, platelets, and WBCs, with a 
focus on interferences, sources of error, and find-
ings for which microscopic review or confirma-
tion should be considered. In addition, situations 
in which peripheral blood flow cytometric analy-
sis may be warranted will be addressed. Finally, 
appropriate preparation and microscopic evalua-
tion of peripheral blood and bone marrow aspirate 
smears and trephine biopsies will be discussed.

 Analysis of Red Blood Cells 
and Associated Parameters

The standard CBC includes the following RBC 
parameters: RBC count, hemoglobin concentra-
tion (HGB) measured in grams/deciliter (g/dL), 

hematocrit (HCT), mean corpuscular volume 
(MCV) measured in femtoliters (fL), mean cor-
puscular hemoglobin (MCH) measured in pico-
grams/cell, mean corpuscular hemoglobin 
concentration (MCHC) measured in g/dL, and 
red cell distribution width (RDW). Reference 
ranges vary by age and gender and are readily 
obtained by consulting reference hematology or 
laboratory medicine texts [1]. Typical reference 
ranges for adults are listed in Table 1.1. However, 
it is recommended that individual laboratories 
confirm standard reference ranges for the specific 
patient population(s) they serve, as reference 
ranges for certain parameters may be affected by 
ethnic and geographic variations.

Most automated cell counters measure HGB 
using a spectrophotometric method, following 
RBC lysis and conversion of the HGB molecule 
to a derivative that can be measured using light 
absorbance at a specific wavelength. Historically, 
this process has required the use of potassium 
cyanide to convert HGB to hemiglobincyanide; 
however, cyanide-free measurement methods 
now exist [1]. RBC count is determined in many 
instances via electrical impedance, whereby cells 

Table 1.1 Red blood cell indices: calculation, normal ranges, and interpretation in patients with 
anemia

Red blood cell (RBC) 
parameter

Definition/calculation Normal rangea Abnormal values and some common 
associations

Mean corpuscular 
volume (MCV) (fL)

Average size of RBCs
=HCT/RBC × 10

80–100 Decreased MCV and decreased MCH:
iron deficiency, lead poisoning, thalassemia
Normal MCV and normal MCH: sudden 
blood loss, chronic inflammation, kidney 
failure, pregnancy
High MCV: vitamin B12 or folate 
deficiency, certain drugs, MDS, hemolysis

Mean corpuscular 
HGB (MCH) (pg)

Amount of HGB per RBC
=HGB/RBC × 10

26–33

Mean corpuscular 
HGB concentration 
(MCHC) (g/dL)

Amount of HGB per cell 
relative to RBC size
=HGB/HCT × 100

31–36 Decreased: lead poisoning, vitamin B6 
deficiency, copper deficiency
Normal: iron deficiency
Increased: hereditary spherocytosis, sickle 
cell disease, and homozygous hemoglobin 
C disease

Red cell 
distribution width 
(RDW) (%)

Variability in RBC size
= coefficient of variation 
or standard deviation of 
MCV × 100%

12–15 Increased: recent transfusion, iron 
deficiency, vitamin B12 or folate deficiency, 
RBC fragmentation or agglutination, 
sideroblastic anemia, MDS
Decreased: Not clinically relevant

HCT hematocrit, MDS myelodysplastic syndrome, HGB hemoglobin
aMay vary by patient population and between laboratories

A.R. Sohani
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passing through a narrow aperture across which 
an electrical current is maintained cause changes 
in resistance, which can be measured in terms of 
pulse amplitude (corresponding to cell volume 
and size) and number of pulses (corresponding to 
the number of cells in a solution of known vol-
ume). Other instruments utilize purely optical-
based methods of light scatter (allowing for 
determination of cell size and other physical prop-
erties) to enumerate RBCs, but regardless of the 
exact method used, an RBC volume distribution 
curve, histogram, or scatter plot is typically gen-
erated (Figs. 1.1a and 1.2a).

HCT, MCV, and RDW can be derived from 
the RBC volume histogram, depending on the 
type of technology used by the instrument. For 
example, some impedance-based instruments 
directly measure the HCT by summing the 
heights of all individual RBC pulses as each RBC 
passes through the aperture, a process known as 
cumulative pulse height detection. Once the 
HGB, RBC count, and HCT are known, the 
remaining RBC parameters, including MCV, can 
be calculated using the following formulae:

• MCV = HCT/RBC × 10
• MCH = HGB/RBC × 10
• MCHC = HGB/HCT × 100

Alternatively, other instruments may directly 
measure the MCV using an optical-based method, 
allowing for calculation of the HCT and other 
RBC parameters based on the MCV, RBC count, 
and HGB, as shown above. The RDW is another 
parameter calculated from the RBC volume dis-
tribution curve as either the coefficient of varia-
tion (CV) or the standard deviation (SD) of red 
cell size, thereby reflecting the degree of anisocy-
tosis in an RBC population. It is helpful in the 
evaluation of anemia, particularly in distinguish-
ing common causes of microcytic anemia from 
one another, as it is typically markedly elevated 
in the setting of recent transfusion or iron defi-
ciency but only slightly elevated in thalassemia 
trait or anemia of chronic inflammation 
(Table 1.1). Knowledge of which RBC parame-
ters are directly measured vs. calculated by a 
given analyzer is important, since factors causing 

a
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50 100

RBC Volume (fL)

Fig. 1.1 Sideroblastic anemia with bimodal RBC volume 
distribution curve. (a) In this case of myelodysplastic syn-
drome with ring sideroblasts, the RBC volume distribution 
curve demonstrates a classic bimodal distribution with two 
distinct RBC populations, one that is microcytic and a second 
that is normocytic to macrocytic. (b) The corresponding 
peripheral blood smear demonstrates significant anisocytosis 
with a population of microcytic poikilocytes (arrows). This 
image also illustrates the ideal area of the blood smear for 
performing morphologic evaluation and platelet count esti-
mates, where RBCs are evenly spaced and barely touching 
one other, although overlapping of two to three cells is 
acceptable. (c) Perls’ iron stain of the corresponding bone 
marrow aspirate smear contains numerous ring sideroblasts, 
accounting for greater than 50% of erythroid precursors.

1 Identifying Blood and Bone Marrow Abnormalities in the Laboratory
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spuriously elevated or low counts can potentially 
affect the measured parameter, as well as indices 
deriving from it (Table 1.2).

The shape of the RBC volume histogram is 
usually Gaussian in nature, and changes in its 
symmetry can provide information about poten-
tial abnormalities present in a blood sample, 
prompting additional analysis and/or micro-
scopic smear review. For example, a left-sided 
extension of the curve, or failure of the histogram 
to reach baseline on the left side between the 
platelet and RBC channels, may indicate the 
presence of a population of small RBCs, such as 

microspherocytes or RBC fragments, or may 
reflect the presence of large or giant platelets. A 
bimodal RBC volume distribution, in which two 
RBC populations of distinct sizes are present, 
may reflect prior transfusion or an underlying 
sideroblastic anemia (Fig. 1.1). A right-sided 
extension of the histogram may be seen in the 
setting of macrocytic anemia or reticulocytosis 
secondary to hemolysis. Such findings will often 
trigger an instrument flag indicating an abnor-
mality in the RBC volume distribution, and labo-
ratories should have mechanisms in place to 
review blood smears for underlying morphologic 
findings that may be clinically significant, such 
as schistocytes, microcytic spherocytosis, macro-
thrombocytes, or marked polychromasia. By 
contrast, low or high MCV values in the absence 
of RBC volume distribution abnormalities likely 
do not need to be confirmed by microscopic 
review. Another situation requiring additional 
investigation by the laboratory is that of RBC 
agglutination, which will result in extension of 
the RBC volume histogram to the extreme right, 
yielding an apparent population of very large 
RBCs and spuriously high MCV and MCHC 
instrument measurements (Table 1.2 and 
Fig. 1.2). In this circumstance, repeat analysis 
after sample warming should be undertaken; if 
the abnormalities do not correct after incubation 
at 37 °C, HCT may be determined manually via 
high-speed column centrifugation, but other RBC 
parameters are not considered reliable and should 
not be reported.

Measurement of reticulocytes, nonnucleated 
immature red cells recently produced by the bone 
marrow that contain high amounts of RNA, is a 
highly useful test in the diagnostic work-up of ane-
mia by helping to distinguish causes related to 
impaired bone marrow production of erythrocyte 
precursors (associated with a low reticulocyte 
count) from those related to blood loss or hemoly-
sis (associated with a high reticulocyte count). 
Traditionally, it is determined manually by incu-
bating a peripheral blood smear with a supravital 
dye, either new methylene blue or brilliant cresyl 
blue, allowing for dark blue staining of the fila-
mentous ribonucleoprotein complex contained 
within reticulocytes followed by their microscopic 
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Fig. 1.2 RBC agglutination in cold agglutinin disease. 
(a) This scatter plot is taken from an optical hematology 
analyzer that measures RBC indices using light scatter 
following isovolumetric sphering of RBCs. Each dot rep-
resents a single RBC on a plot of volume vs. HGB con-
tent. In this example of cold agglutinin disease, RBC 
agglutinates appear as a separate cell population with very 
high volumes (arrow). (b) The corresponding blood smear 
shows prominent RBC agglutination
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identification and enumeration [1]. The reticulo-
cyte count is subsequently reported as a percent-
age of total RBCs, based on a count of at least 
1000 red cells, and typically falls in the range of 
approximately 1–2%. The absolute reticulocyte 
count is calculated by multiplying this percentage 
by the RBC count. More recently, automated cell 
counters have used optical methods employing 
fluorescent RNA-specific binding dyes to measure 
reticulocytes, precluding the need for more time-
consuming microscopic evaluation and allowing 
for increased precision and accuracy. Regardless 
of whether the reticulocyte count is determined 
manually or via an automated method, it is impor-
tant to note that the value reported by the labora-
tory is uncorrected for the degree of anemia and the 
longer circulating lifespan of reticulocytes in ane-

mic states because of accelerated release from the 
bone marrow. Therefore, when evaluating an ane-
mic patient, the reported reticulocyte count must 
be corrected for these two factors to yield a reticu-
locyte production index that can be used to help 
determine the cause underlying the anemia [2]. In 
order to calculate the reticulocyte production index 
from the reported reticulocyte count, first multiply 
the reported reticulocyte count by a correction fac-
tor derived from the patient’s hematocrit divided 
by the expected normal hematocrit (typically 40% 
for women and 45% for men) to yield a corrected 
reticulocyte count. Then, adjust the corrected 
reticulocyte to account for the longer circulating 
lifespan of early reticulocytes. The exact adjust-
ment depends on the degree of anemia, but a sim-
ple way is to divide the corrected reticulocyte 

Table 1.2 Causes of spurious results with automated hematology analyzers [1]

Parameter Spurious increase Spurious decrease

WBC count • Cryoglobulins
• Monoclonal proteins
• Nucleated RBCs
• Platelet clumps
• Unlysed RBCs

• Clotted sample

RBC counta • Cryoglobulins
• Macrothrombocytes
• Markedly high WBC count

• Clotted sample
• In vitro hemolysis
• Microcytic or fragmented RBCs
• RBC agglutination

HGBa • Cryoglobulins
• Hyperbilirubinemia
• In vitro hemolysis
• Lipemia
• Monoclonal proteins
• Markedly high WBC count

• Clotted sample

HCTa • Cryoglobulins
• Hyperglycemia
• Macrothrombocytes
• Markedly high WBC count

• Clotted sample
• In vitro hemolysis
• Microcytic or fragmented RBCs
• RBC agglutination

MCVa • Hyperglycemia
• Markedly high WBC count
• Old sample (swollen RBCs)
• RBC agglutination

• Cryoglobulins
• In vitro hemolysis
• Macrothrombocytes
• Microcytic or fragmented RBCs

Platelets • Cryoglobulins
• In vitro hemolysis
• Fragmented WBCs
• Microcytic or fragmented RBCs
• RBC inclusions

• Clotted sample
• Macrothrombocytes
• Platelet clumps or satellitosis

WBC white blood cell, RBC red blood cell, HGB hemoglobin, HCT hematocrit, MCV mean corpuscular volume
aDepending on the analyzer and the parameters that are directly measured vs. calculated, factors that affect these param-
eters may also affect other RBC parameters listed here, as well as the mean corpuscular hemoglobin (MCH) and mean 
corpuscular hemoglobin concentration (MCHC)

1 Identifying Blood and Bone Marrow Abnormalities in the Laboratory
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count by two (which presumes that in anemic 
states, reticulocytes circulate for about 48 hours, 
compared to about 24 hours in non-anemic states). 
For example, a male patient with a hematocrit of 
15% and a reported reticulocyte count of 6% 
would have a corrected reticulocyte count of 2% 
(6% × 15%/45%) and a reticulocyte production 
index of 1 (2%/2). In general, anemia due to 
impaired marrow production is associated with a 
reticulocyte production index of <2, while anemia 
related to blood loss or hemolysis has a reticulo-
cyte production index of >2.

Automation of reticulocyte counts using 
 optical methods has allowed for the development 
of additional, novel laboratory parameters that 
may have utility in various clinical circum-
stances. For example, the HGB content of reticu-
locytes (CHr or Ret-He) has been reported to be 
a useful screening test for early iron deficiency 
in both children and adults and has been identi-
fied as beneficial in monitoring the adequacy of 
iron therapy in iron deficiency anemia [3–8]. 
The immature reticulocyte fraction, indicating 
the proportion of reticulocytes with highest RNA 
content, has been heralded as potential labora-
tory indicator of bone marrow response to eryth-
ropoietin or exogenous iron therapy [9, 10]. 
More complex studies of RBC population 
dynamics enabled by optical hematology instru-
mentation have identified characteristics associ-
ated with certain anemic conditions and 
pre-anemic states, allowing for predictive mod-
eling prior to the clinical development of anemia 
[11–13]; while such strategies have yet to be 
employed routinely, they illustrate the potential 
utility of systems-based approaches to diagnose 
and monitor hematologic diseases.

 Analysis of Platelets and Associated 
Parameters

Although numerous methods exist for platelet 
enumeration, including manual, immunologic, 
and digital image analysis, most automated cell 
counters rely on impedance, optical light scatter, 
or a combination of the two. Impedance-based 
analysis is analogous to that described above for 
RBC analysis, where particles within a certain size 
range generate a platelet count, as well as volume 

distribution curve or histogram based on which 
possible impediments in count accuracy are 
flagged by the instrument. For example, failure of 
the platelet histogram to reach baseline at the low 
end or left side of the curve is an indicator of cyto-
plasmic fragments or electronic noise, while a 
similar pattern on the opposite side implies the 
presence of macrothrombocytes or microcytic 
RBCs. In these circumstances, microscopic smear 
review to estimate the platelet count (see the fol-
lowing section on Peripheral Blood Smear 
Evaluation) and compare it with that generated by 
the instrument is warranted. Optical counts rely on 
the light scatter properties of platelets and may 
incorporate a platelet-specific fluorescent dye, 
thereby limiting interference from cytoplasmic 
fragments or microcytic RBCs. Some platforms 
employ both an impedance and optical count, such 
that the latter is performed in instances when there 
is sufficient doubt about the accuracy of the imped-
ance count. Immunologic counting of platelets 
using light scatter and platelet- specific antibodies, 
such as anti-CD41 or anti-CD61, is considered the 
reference method of platelet enumeration and 
demonstrates high accuracy, particularly in cases 
of severe thrombocytopenia [14–17].

An issue that interferes with all three of these 
methods is that of ethylenediaminetetraacetic 
(EDTA)-dependent agglutinins leading to platelet 

Fig. 1.3 Pseudothrombocytopenia with platelet clump-
ing. In this patient with presumed immune thrombocyto-
penic purpura, review of the peripheral blood smear was 
performed because of the low platelet count; this revealed 
prominent platelet clumps, indicating that the instrument 
platelet count is falsely low. The platelet clumps are much 
larger than individual platelets that they are typically 
counted as WBCs by automated instruments

A.R. Sohani
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clumping or satellitism and underestimation of the 
platelet count, a phenomenon known as pseudo-
thrombocytopenia (Table 1.2 and Fig. 1.3). 
Although automated instruments can flag for the 
presence of platelet clumps (see the following sec-
tion on Analysis of White Blood Cells), an initial 
low platelet count below a certain threshold that 
approaches clinical significance should elicit 
smear review to exclude for the presence of plate-
let clumps. In circumstances of severe clumping, 
the instrument count is deemed unreliable, and an 
estimate based on smear review may also be lim-
ited in terms of accurately quantifying platelets, 
particularly if platelet transfusion is being consid-
ered. In such scenarios, remeasuring the platelet 
count on a sample collected in citrate- or heparin- 
anticoagulated plasma may be an option; however, 
in some individuals, platelet clumps persist despite 
collection using alternative anticoagulants. In such 
cases of multianticoagulant- dependent pseudo-
thrombocytopenia, treatment of the sample with 
amikacin has been reported to dissociate platelet 
clumps, allowing for accurate platelet enumera-
tion without affecting other CBC parameters [18].

Additional platelet-related parameters gener-
ated by certain automated cell counters include 
the mean platelet volume (MPV) and immature 
platelet fraction (IPF), both of which may help 
determine the underlying cause of thrombocyto-
penia (Table 1.3). The MPV, measured in fL, rep-
resents the average platelet size and is analogous 

to the MCV for RBCs, but unlike the MCV, the 
MPV normal range varies depending on the 
underlying technology used for measurement 
(impedance vs. optical) and is therefore 
instrument- specific. Under normal conditions, 
when the marrow and spleen are functioning 
appropriately, platelet size correlates inversely 
with number, such that the MPV will be elevated 
in conditions of destructive thrombocytopenia 
(e.g., immune thrombocytopenic purpura and 
microangiopathy). Other conditions associated 
with a high MPV include certain congenital 
thrombocytopenias, such as Bernard-Soulier syn-
drome, May-Hegglin anomaly, and gray platelet 
syndrome, some cases of myelodysplastic syn-
drome (MDS), and hyposplenism or asplenia 
(due to the tendency of the spleen to sequester 
larger platelets). In contrast, a low MPV may be 
seen in thrombocytopenia secondary to marrow 
hypoplasia or aplasia, splenomegaly, and con-
genital disorders, such as Wiskott-Aldrich syn-
drome. An abnormal MPV in the absence of 
bleeding or thrombocytopenia is unlikely to be 
clinically significant. It should also be noted that 
MPV may be affected by preanalytical variables 
related to the decreased stability of platelet shape 
immediately after collection and the propensity 
for platelets to swell in EDTA after prolonged 
exposure. Therefore, appropriate evaluation of a 
persistently abnormal MPV includes peripheral 
smear review to look for morphological clues, 

Table 1.3 Mean platelet volume (MPV) and immature platelet fraction (IPF) in patients with 
thrombocytopenia

Parameter Definition Normal range Abnormal values and possible 
associations

Mean platelet 
volume (MPV) (fL)

Average platelet size Instrument-specific Increased: destructive thrombocytopenia 
(such as ITP and TTP); congenital 
thrombocytopenias, such as Bernard-Soulier 
syndrome, May-Hegglin anomaly, and gray 
platelet syndrome; some cases of MDS; 
hyposplenism or asplenia
Decreased: marrow hypoplasia or aplasia, 
splenomegaly, Wiskott- Aldrich syndrome

Immature platelet 
fraction (IPF) (%)

The fraction of 
reticulated platelets 
newly released by the 
bone marrow

1–7 Increased: peripheral platelet destruction 
(e.g., ITP, TTP, DIC); recovering marrow 
after chemotherapy and stem cell transplant
Decreased: bone marrow failure; MDS; 
bone marrow suppression due to infection, 
chemotherapy, or other drugs

ITP immune thrombocytopenic purpura, DIC disseminated intravascular coagulation, MDS myelodysplastic syndrome, 
TTP thrombotic thrombocytopenic purpura
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such as RBC fragments, abnormal leukocyte 
inclusions, hypogranular platelets, or dysplastic 
neutrophils, suggesting one of the above diagno-
ses. The MPV may also be used in conjunction 
with the IPF or the reticulated platelet count in 
distinguishing conditions associated with 
impaired platelet production from those related 
to accelerated destruction, as the latter typically 
show an elevated IPF [19, 20]. Analogous to 
reticulocytes, reticulated platelets represent 
young platelets recently released by the marrow 
with a higher RNA content that allows them to be 
identified optically on some platforms with the 
aid of a platelet-specific binding reagent.

 Analysis of White Blood Cells 
and Nucleated Red Blood Cells

Most hematology analyzers provide automated 
WBC differential counts that include, at a mini-
mum, the five main leukocyte subsets: neutrophils, 
lymphocytes, monocytes, eosinophils, and baso-
phils. Depending on the platform, these are deter-
mined using a combination of technologies, 
including impedance (direct current and radiofre-
quency conductivity) and/or optical light scatter, in 
conjunction with various cell-specific lysing and 
staining reagents. Automated instruments provide 
both relative and absolute counts for WBC subsets; 
the latter are considered more clinically meaning-
ful and should be included on CBC/differential 
reports issued by the laboratory [21]. Many newer 
analyzers also provide quantification of nucleated 
RBCs (in both relative [per 100 WBCs] and abso-
lute units) with correction of total WBC count, 
since nucleated RBCs lead to spuriously high 
WBC counts when present in significant numbers 
(Table 1.2). Traditionally, the presence of any cir-
culating nucleated RBCs has been considered to be 
an abnormal finding; however, the high sensitivity 
offered by modern automated cell counters has led 
to the recognition that small numbers of nucleated 
RBCs may be seen in healthy individuals without 
implying underlying pathology, particularly if 
other CBC parameters are normal [22]. 
Quantification of immature granulocytes (IGs) is 
another novel parameter offered by certain plat-
forms; it represents the combined total number of 

circulating promyelocytes, myelocytes, and meta-
myelocytes. Studies have demonstrated good cor-
relation with reference flow cytometry-based 
methods and suggest that elevated levels may be 
useful as an indicator of infection and other condi-
tions related to bone marrow stress in both adult 
and pediatric populations [23–25]. At the very 
least, it likely represents a more objective and less 
time-consuming method of detecting a granulo-
cytic “left shift” over traditional band neutrophil 
counts, which suffer from lack of reproducibility 
and limited sensitivity and specificity [26].

As with RBC and platelet analysis, cell counters 
act as screening devices for WBC abnormalities 
that fall out of expected parameters based on imped-
ance, light scatter, and staining characteristics. 
Instrument flags are generated for the possible 
abnormalities that require peripheral blood smear 
review to confirm or exclude their presence. These 
include signal interference with the lymphocyte 
cluster by similarly sized cells or particles (e.g., 
nucleated RBC or platelet clump flags), interfer-
ence at the interface of the lymphocyte and mono-
cyte clusters (e.g., atypical lymphocytes or blast 
flags), interference at the interface of the monocyte 
and neutrophil clusters (e.g., blast flag), or altered 
positioning of the neutrophil cluster (e.g., left shift 
or immature granulocyte flags). Smears are typi-
cally reviewed by a medical technologist with train-
ing and expertise in peripheral blood smear 
morphology and cell classification. When abnormal 
cells such as blasts or atypical lymphocytes are 
identified, a traditional 100- or 200-cell manual dif-
ferential count should be performed and resulted, 
supplanting the automated differential count. Smear 
review by the laboratory may also be considered 
when certain numerical thresholds are met or 
exceeded. Examples of the latter include absolute 
monocytosis or basophilia, moderate to severe pan-
cytopenia that is new for a patient, or an absolute 
lymphocytosis in a child or adolescent to exclude 
the possibility of small lymphoblasts being errone-
ously categorized as lymphocytes by the analyzer. 
In addition, each laboratory should establish its own 
criteria for escalating a case further for pathologist 
review. Typically, this is performed in a subset of 
cases in which the findings are believed to represent 
a significant change from the patient’s baseline that 
may be clinically significant (e.g., circulating blasts 
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or abnormal lymphoid cells suggesting the possibil-
ity of a previously undiagnosed or recurrent hema-
tologic malignancy). However, these criteria vary 
depending on the complexity of the patient popula-
tion served by a given laboratory.

While automated and manual differential analy-
sis is useful in detecting abnormal circulating cell 
populations, immunophenotyping by flow cytome-
try is best used as an ancillary test to confirm CBC/
differential findings and to determine the lineage of 
the abnormal cells [27]. For example, flow cytome-
try can help to establish a diagnosis of chronic lym-
phocytic leukemia in the setting of marked absolute 
lymphocytosis or can distinguish myeloid from 
lymphoid blasts in a case of previously undiagnosed 
acute leukemia. Flow cytometry is also helpful in 
situations requiring minimal residual disease evalu-
ation, where neither automated cell counter-flag-
ging nor morphological enumeration is sufficiently 
sensitive to detect small abnormal circulating popu-
lations. However, flow cytometry is unlikely to pro-
vide additional information over a manual 
differential count in cases of marked granulocytic 
hyperplasia with left shift, where the differential 

diagnosis includes a leukemoid reaction vs. chronic 
myeloid leukemia in chronic phase; in both 
instances, the small myeloid blast population is 
identifiable morphologically, and its neoplastic 
potential is not discernible by flow cytometry. Flow 
cytometry should also not be relied upon as a substi-
tute for the morphologic blast count in the periph-
eral blood, since blasts may deviate from expected 
immunophenotypic characteristics (e.g., CD34 and 
CD117 negativity) [28].

 Peripheral Blood Smear Evaluation

The number of samples requiring manual slide 
review greatly influences laboratory costs, produc-
tivity, and turnaround time. At the very least, man-
ual smear review should be undertaken when 
instrument flags are triggered by abnormalities in 
the distribution of cells and/or particles within the 
RBC, PLT, and WBC analysis channels, as 
described previously (Table 1.4). In addition, some 
suggested numerical thresholds prompting smear 
review are also provided in Table 1.4, based in part 

Numerical abnormalities Threshold

Pancytopenia WBC <4 × 109/L and/or ANC <1 × 109/L and/or HGB <7 g/dL and/or PLT 
<100 × 109/L

Initial platelet count <50 × 109/L (to rule out pseudothrombocytopenia due to platelet clumping 
or satellitism)

Lymphocytes >5 × 109/L

Monocytes >1.5 × 109/L

Eosinophils >2 × 109/L

Basophils >0.5 × 109/L

Immature granulocytesa >5%

Instrument flags

Dimorphic red blood cell population

RBC fragments or abnormal distribution

Nucleated RBCsb

Platelet clumping

Giant platelets or abnormal platelet distribution

Immature granulocytesb

Variant lymphocytes

Blasts

ANC absolute neutrophil count, HGB hemoglobin, PLT platelet, RBC red blood cell, WBC white blood cell
aFor analyzers that provide an automated immature granulocyte count
bMay not be necessary for analyzers that can enumerate these cells, unless the count is flagged or exceeds a certain 
threshold

Table 1.4 Suggested criteria for peripheral blood smear review based on automated count and 
instrument flags
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on consensus recommendations published by the 
International Society for Laboratory Hematology 
[29]. The latter may be modified by individual 
laboratories based on the automated platform in 
use, patient population served, clinician input, and 
following validation on patient samples.

The most commonly used stain for morpho-
logic evaluation of the peripheral blood smear is 
the Wright or Wright-Giemsa stain. This staining 
protocol contains methanol, which fixes the cells 
to the glass slide, and both acidic and basic dyes 
that are variably taken up by cellular constituents 
at a pH of 6.4 maintained by a buffer, allowing for 
recognition of distinct cell and particle types at dif-
ferent stages of maturation. Best staining results 
are obtained from slides prepared within a few 
hours of sample collection [30]. Proper blood 
smear preparation and staining are essential to 
accurate assessment of cellular morphology and 
detection of abnormalities, particularly when eval-
uating neutrophil and platelet granularity (Fig. 1.4) 
[28]. Table 1.5 lists artifacts related to poorly pre-
pared or stained smears and possible causes.

Peripheral smear examination should occur 
sequentially at low (×10 objective, ×100 total), 
intermediate (×40 high dry or ×50 oil immersion 
objective, ×400 or ×500 total), and high (×100 oil 
immersion objective, ×1000 total) magnifications. 
Low magnification allows for assessment of over-
all smear quality, including identification of arti-

facts (Table 1.5), as well as abnormalities in the 
distribution of RBCs and platelets such as rouleaux 
or clumps, while higher magnifications allow for 
assessment of individual cellular morphology and 
estimation of the platelet count in situations where 
the count provided by the instrument requires veri-
fication (see previous section on Analysis of 
Platelets and Associated Parameters) [30]. WBC 
abnormalities can be suspected at intermediate 
magnification but should be confirmed at high 
magnification. In addition, if a formal manual leu-
kocyte differential is undertaken because abnormal 
WBCs are identified, this should generally be per-
formed at high power using the ×100 objective 
(×1000 total magnification). The appropriate area 
for leukocyte evaluation and classification resides 
in the region of the smear where the RBCs are 
arranged as a monolayer, evenly spaced, and are 
close to one another but not quite touching 
(Fig. 1.1b); in a sample with a normal RBC count, 
this area contains about 200–250 RBCs per ×100 
oil immersion field. This ensures that WBC evalu-
ation is performed in an area of the smear where 
leukocyte morphology is optimal and devoid of 
artifacts seen in thick (dark, shrunken cells) or thin 
(fragmented cells) areas of the smear. To allow for 
systematic differential analysis and minimize slide 
distribution error (the phenomenon whereby larger 
cells, such as monocytes, granulocytes, and blasts, 
tend to localize at the edges of the smear), the 
smear should be examined from one edge to 
another in a sweeping up and down pattern without 
skipping areas, and consecutive WBCs should be 
counted [30]. Typically, 100 WBCs are counted, 
but a count of 200 cells is recommended if the 
WBC count is moderately elevated (>40 × 109/L) 
or in patients with a myeloid neoplasm [28]. 
Preparation of buffy coat smears from the periph-
eral blood [31] or digital image analysis (see below) 
can permit adequate cell enumeration in leukope-
nic samples. Nucleated red blood cells should be 
counted separately as a relative count (per 100 
WBCs); however, if the instrument can report a 
valid numerical nucleated RBC count, then repeat-
ing the count manually is unnecessary.

The platelet count estimate, if needed, may be 
performed in the same region of the smear where 
leukocytes are evaluated, also under ×1000 total 
magnification. The average number of platelets, 

Fig. 1.4 Dysplastic neutrophils in a case of myelodys-
plastic syndrome. In this image, the cytoplasm of the neu-
trophil on the left is hypogranular compared to that on the 
right. Other fields demonstrated nuclear lobation abnor-
malities within neutrophils. RBCs are well-stained, indi-
cating that the hypogranular cytoplasm is not simply an 
artifact of suboptimal, pale staining
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based on counting five to ten ×100 oil immersion 
fields, is multiplied by 20,000 to provide an estimate 
of the total number of platelets per microliter [30]. 
This result can then be compared to the instrument 
count, and if the instrument count is deemed inac-
curate, the estimated platelet count may be reported 
as decreased, normal, or elevated per the laborato-
ry’s reference range. Caution should be exerted in 
reporting platelet count estimates numerically, par-
ticularly in cases of severe thrombocytopenia where 
platelet transfusion may be a consideration.

As with CBC and WBC differential analysis, 
peripheral smear preparation and evaluation have 
entered the age of automation. Many automated 
hematology platforms now offer the convenience 
and advantages of automated slide preparation 
and staining systems. These so-called auto slide 
maker stainers aspirate an aliquot of EDTA- 
anticoagulated whole blood and prepare a wedge- 
type blood smear similar to a manual smear 
prepared using the traditional push/pull method. 

In addition, instrument software systems, known 
as “middleware,” allow for optimization of smear 
preparation using HCT information from the 
blood sample, thereby minimizing smearing arti-
facts resulting from abnormalities inherent to a 
sample (Table 1.5). Once dried, the smear is auto-
matically advanced to the staining area of the 
instrument where stain and buffer are dispensed 
onto the slide per the staining protocol. In many 
instances, the slide maker stainer is physically 
connected to the main cell counter on a robotic 
track or line, allowing for smears to be prepared 
automatically on only those samples requiring 
microscopic review according to predetermined 
numerical or instrument flagging criteria and 
minimizing the need for operator intervention. 
These instruments are also flexible, allowing for 
staining of previously made blood smears or 
other sample types, such as body fluid cytospin 
and bone marrow aspirate smears, depending on 
the preferences and needs of the laboratory.

Table 1.5 Peripheral blood smear artifacts  and their causes [30]

Issue(s) Possible cause(s)

Dark stain:
•  RBCs appear gray in color
•  WBCs too dark in color
•  Eosinophil granules appear gray instead of orange

•  Stain or buffer too alkaline
• Inadequate rinsing
• Prolonged staining
•  Heparinized blood sample

Pale stain:
•  RBCs pale or red in color instead of pink
• WBCs barely visible

•  Stain or buffer too acidic
• Over-rinsing
• Inadequate buffering

Insufficient air-drying artifact:
•  RBCs contain refractile or punched-out central area

•  Slide not allowed to dry sufficiently prior to staining
•  Equipment used to make slide is wet or contains 

condensation

Stain precipitate on slide •  Old or contaminated staining reagents
•  Equipment used to make slide is dirty or contains 

staining reagent residue

 Smear too short; covers less than two-thirds of slide length •  Size of blood drop used to make smear too small
•  Elevated HCT in blood sample

 Feathered edge not smoothed and rounded but irregular 
or bullet-shaped

•  Spreader slide pushed too quickly

 Smear contains irregularities, holes, or streaks •  Spreader slide chipped or rough-edged
•  Hesitation or uneven pressure in forward motion of 

spreader slide
•  Dirt on slide used for smear

 Smear too narrow; does not span nearly the whole width of 
the slide

•  Drop of blood not allowed to spread across width of 
spreader slide

 Poor leukocyte distribution (monocytes and granulocytes 
mostly at edges of smear)

•  Spreader slide pushed too slowly

RBC red blood cell, WBC white blood cell, HCT hematocrit
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More recently, digital image analysis of pre-
pared, stained blood smears via platforms such as 
CellaVision (CellaVision AB, Lund, Sweden) 
provides an opportunity for laboratories to ensure 
interobserver consistency in reporting practices 
and potentially to improve sensitivity in the 
detection of rare cell types [32]. These automated 
slide scanning devices help to locate and pre- 
classify (via an artificial neural network) WBCs 
and nucleated RBCs and allow for evaluation of 
larger fields of view for characterization of RBC 
morphology and estimation of platelet counts. 
Images of pre-classified WBCs require confirma-
tion by a trained morphologist (usually a medical 
technologist) prior to finalization of the manual 
differential count. The instrument software 
allows for side-by-side morphologic comparison 
of different groups of leukocytes present in the 
same smear, making it relatively easy to distin-
guish two or more populations with overlapping 
characteristics from one another (e.g., monocytes 
and variant lymphocytes). Laboratories can also 
create reference libraries of images illustrating 
typical or unusual findings, underscoring the 
potential educational utility of such platforms. 
Studies of this technology have demonstrated 
very good correlation with traditional 100-cell 
manual differentials, with superior accuracy 
depending on cell type and operator experience 
[33, 34]. Digital image analysis also allows for 
counting a larger number of cells in leukopenic 
samples, a frequent issue in posttreatment set-
tings, improving sensitivity and turnaround times 
[34, 35].

Despite these advances in hematology automa-
tion, laboratory personnel and pathologists need to 
be cognizant of situations requiring procedural 
adjustments. For example, we have found in our 
laboratory that samples with extremely high WBC 
counts exceeding 400 × 109/L are poorly stained, 
making it difficult to evaluate cellular stage of 
maturation and cytoplasmic granularity and lead-
ing to a high rate of WBC misclassification on 
digital image analysis and traditional microscopic 
review. In such cases, our laboratory manually pre-
pares the smear following dilution of the sample, 
allowing leukocytes to take up sufficient amounts 

of stain on the automated stainer and more accu-
rate cell classification. Another example relates to 
the presence of large numbers of smudge cells, a 
characteristic feature of chronic lymphocytic leu-
kemia, but also seen in other conditions associated 
with leukocytosis. Since certain cell types have 
greater fragility and propensity to rupture during 
the smearing process, basing a leukocyte differen-
tial on a sample with many smudge cells can lead 
to erroneous counts. Manual preparation of the 
blood smear following sample dilution with 
bovine serum albumin can minimize cell fragmen-
tation and ensure evaluation of sufficient numbers 
of intact cells for a more accurate differential [36].

 Bone Marrow Aspirate Evaluation

Unlike the situation described in the previous 
sections, preparation, staining, and evaluation of 
bone marrow aspirate are largely manual pro-
cesses. Air-dried bone marrow aspirate smears 
may be prepared at the bedside or from the buffy 
coat layer of an EDTA-anticoagulated aspirate 
sample, in a manner similar to peripheral smears. 
Alternatively, marrow particles can be identified 
grossly and crushed between two slides (crush 
preparation), or touch imprints of marrow parti-
cles or of the core biopsy specimen can be per-
formed; the latter is particularly helpful in the 
setting of bone marrow fibrosis eliciting a “dry 
tap” with collection of limited aspirate material. 
Smeared marrow particles (spicules) and fat 
droplets can be visualized on an unstained slide 
with the naked eye, providing assurance of bone 
marrow, rather than peripheral blood, sampling 
[1]. A standard Romanowsky-type staining 
method, such Wright-Giemsa or May-Grünwald- 
Giemsa, should be employed for routine morpho-
logic analysis. As with peripheral smears, 
well-controlled staining protocols are essential 
for accurate morphological evaluation, particu-
larly in cases where a diagnosis of myelodysplas-
tic syndrome is suspected. A differential count of 
500 nucleated cells (excluding macrophages and 
megakaryocytes) is recommended. This should 
be performed in areas of the smear adjacent to, 
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but not overlying, spicules, thereby limiting the 
effects of smear thickness and hemodilution. 
Additional stains that can be performed on bone 
marrow aspirate smears include cytochemical 
stains for enzyme constituents, such as myeloper-
oxidase (indicative of myeloid differentiation) 
and nonspecific esterases (indicative of mono-
cytic differentiation) to help in determining blast 
lineage in cases of acute myeloid leukemia; 
 however, some laboratories have replaced these 
tests with the use of flow cytometric immunophe-
notyping [28]. Perls’ iron stain (Prussian blue 
reaction) to assess for storage iron in bone mar-
row macrophages and dendritic cells, sidero-
blasts (iron-containing erythroid precursors), and 
ring sideroblasts (erythroid precursors with five 
or more iron-containing granules encircling at 
least one-third of the nucleus) remains a standard 
part of morphologic assessment and particularly 
critical in evaluating cases of myelodysplastic 
syndrome with fewer than 5% blasts (Fig. 1.1c) 
[1, 28, 37].

 Bone Marrow Trephine Biopsy 
Evaluation

Proper evaluation of the bone marrow biopsy 
mandates proper application of several preana-
lytic techniques: (1) obtaining an adequate core 
biopsy, which should be at least 1.5 cm in length 
and be taken at a right angle to the cortical bone 
surface so as to sample deeply into the hemato-
poietic marrow space, (2) adequate fixation, (3) 
proper decalcification, (4) adequate processing, 
and (5) careful histologic sectioning, generating 
intact 2–3 μm sections [38]. Neutral-buffered for-
malin is an adequate fixative for bone marrow, 
provided fixation time is sufficient and process-
ing and sectioning are done properly, but many 
labs use fixatives containing metals, such as 
Zenker’s, Bouin’s, B5, aceto-zinc formalin, and 
B-plus, which improve nuclear detail [39, 40]; 
issues with toxicity and disposal of mercury have 
led to less frequent use of mercury-containing 
fixatives (Zenker’s and B5). Decalcification 
agents include strong acids, buffered acids, and 

agents containing calcium chelators, often com-
bined with acids. Decalcification time should be 
as short as possible, since acids have deleterious 
effects on the morphology and immunogenicity; 
agitation of the decalcification solution can help 
speed the decalcification process. Clot sections, 
representing either loose portions of the biopsy 
specimen that lack bone or clotted aspirated mar-
row, do not require decalcification. While clot 
specimens often are not optimal for evaluating 
marrow cellularity and may miss pathology asso-
ciated with the bone trabeculae, they often pro-
vide superior immunostaining results and are 
also more amenable for molecular genetic testing 
than the decalcified bone marrow biopsy. 
Formalin-based fixation, paraffin processing, and 
decalcification all leach iron from the bone mar-
row, and thus iron stains on bone marrow biop-
sies (and to a lesser extent, clot sections) are less 
sensitive than iron stain on aspirate smears. While 
many labs perform a routine iron stain on the 
bone marrow biopsy, when assessment of storage 
iron or ring sideroblasts is essential for diagnosis, 
an iron stain on the bone marrow aspirate smear 
should always be performed [41].

In addition to at least one level stained with 
hematoxylin and eosin, many laboratories per-
form additional stains on the bone marrow sec-
tions, either routinely or as on an as-needed basis 
depending on the clinical suspicion and findings 
on routine histology. These stains are listed in 
Table 1.6. Because of the small size of the bone 
marrow core and tissue wastage between sectioning, 
when special stains and/or immunostains are 
ordered, additional blank slides may be cut up 
front for use if additional staining is needed. Of 
note, some immunostains on decalcified material 
may give different results from non-decalcified 
material. Thus, demonstration of staining of inter-
nal control cells in the bone is preferable to exter-
nal non-decalcified control tissue in verifying a 
successful stain; alternatively, a decalcified bone 
marrow external control may be used. In some 
cases, different antigen retrieval or staining tech-
niques may be needed for some immunostains 
(e.g., CD34) in bone marrow to ensure adequate 
sensitivity for detecting the cells of interest.
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Table 1.6 Stains performed on bone marrow biopsies

Stain Usage Role

Hematoxylin and eosin Routine: one or two levels Evaluates routine histologic features; screens for the 
need for additional stains

Giemsa Routine in many labs Enhances the visualization of eosinophils, plasma 
cells, mast cells, and early erythroid forms

Iron Routine in many labs Evaluates storage iron but less sensitive than iron stain 
on the aspirate. Ring sideroblasts may sometimes be 
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2

Overview

Cytopenias are the most common peripheral 
blood count abnormality that come to medical 
attention and, in a subset of cases, stimulate per-
formance of a bone marrow biopsy. Cytopenias 
encompass anemia, leukopenia (most often 
reduction of the absolute neutrophil count, but 
also including monocytopenia and lymphope-
nia), and thrombocytopenia. They may be iso-
lated, involving only one cell line, or may involve 
two or all three cell lines (pancytopenia).

This chapter covers the spectrum of benign/
reactive causes for cytopenias as well as the 
main neoplastic cause of cytopenia, myelodys-
plastic syndrome (MDS). The first part of the 
chapter presents the benign diseases associated 
predominantly with anemia, leukopenia, and 
thrombocytopenia and their differential diagno-
ses, followed by the second part which presents 
the clinical, pathologic, and genetic features of 

MDS and its broad differential diagnosis. Some 
specific scenarios that often cause cytopenia are 
covered in other chapters: congenital causes of 
cytopenia are mainly discussed in Chap. 3, 
aplastic anemia and paroxysmal nocturnal 
hemoglobinuria are discussed in Chap. 4, while 
lymphomas and plasma cell myeloma, diseases 
that often cause cytopenia, are discussed in 
Chaps. 11, 12, and 13.

Anemia

Erythropoiesis is a tightly regulated process 
characterized by continuous renewal of red 
blood cells by bone marrow erythroid precur-
sors, which is in turn regulated by renal erythro-
poietin production in response to hypoxemia [1]. 
Anemia represents a reduction in one or more of 
the red blood cell indices and is generally defined 
as a hemoglobin (HGB) concentration of less 
than 13 g/dL in men, less than 12 g/dL in non-
pregnant women, and less than 11 g/dL in preg-
nant women. The clinical presentation of anemia 
can vary greatly depending on the severity, 
rapidity of onset, and age of the patient, among 
other factors. Patients may be asymptomatic, but 
common symptoms include exercise intolerance, 
palpitations, dyspnea, headache, and fatigue. 
Ischemic symptoms, including angina, claudica-
tion, and heart failure, are usually an indication 
of severe, long-standing anemia. Anemias are 
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divided into three main  etiologic categories: (a) 
those that result from low red blood cell (RBC) 
production, (b) those that result from abnormal 
RBC maturation, and (c) those that result from 
increased RBC destruction. A comprehensive 
approach to anemia should involve detailed clin-
ical and laboratory evaluation. The initial screen-
ing workup should include a complete blood 
count (CBC) to include RBC count, mean cor-
puscular volume (MCV), mean corpuscular 
hemoglobin concentration (MCHC), red blood 
cell distribution width (RDW), and reticulocyte 
count, as well as serum iron profile and serum 
vitamin B12 and folate levels. A bone marrow 
examination may be required based on the results 
of the initial studies once iron deficiency, folate/
B12 deficiency, and other common identifiable 
causes of anemia, such as alcohol, hemolysis, 
and drug-induced anemia, are excluded.

Anemias can be broadly divided into normo-
cytic, macrocytic, and microcytic types based on 
the MCV. Microcytic anemias are defined by MCV 
below the lower level of normal range for age 
(80 fL in adults). Hypochromic (low MCHC) 
microcytic anemias are caused by abnormal hemo-
globinization and/or maturation of RBC cytoplasm, 
which in turn result from defects in heme or globin 
chain synthesis or iron incorporation. Macrocytic 
anemia is characterized by anemia with an MCV of 
>99 fL in adults. Anemias can also be divided into 
cases associated with increased reticulocyte index 
and those associated with decreased reticulocyte 
production index (see Chap. 1 for discussion of 
measurement of reticulocytes). 

 Microcytic Anemias

Iron-Deficiency Anemia
Iron deficiency is the most common cause of 
microcytic anemia among children and adults. 
Deficient iron supplies result in decreased RBC 
production by the marrow and poor hemoglo-
binization of circulating RBCs. The two major 
causes of iron deficiency are reduced dietary 
supply of iron (more common in developing 
countries) and chronic blood loss (more com-
mon in developed countries). Iron influences the 
cell cycle of bone marrow normoblasts and a 

reduction in iron supplies results arrest of the 
normoblasts in G1/S phase, which further 
results in decreased proliferative response to 
erythropoietin [2]. Hepcidin, a protein secreted 
by the liver, plays a major role in the regulation 
of iron uptake from the intestine as well as 
release of storage iron.

The various stages of iron deficiency are 
further classified as iron store depletion (often 
due to inadequate iron intake, rapid growth, or 
normal menstruation), iron-deficient erythro-
poiesis (often due to excessive menstrual 
blood loss, pregnancy, malabsorption, inflam-
mation, infection, or repetitive phlebotomy), 
and iron- deficiency anemia (usually reflecting 
chronic conditions such as chronic blood loss, 
hemolysis, hookworm infestation, severe mal-
absorption, celiac sprue, or enteritis). The ear-
liest change in laboratory tests during the 
course of iron deficiency is a reduction of 
serum ferritin level, which is a surrogate for 
tissue iron stores. Following the depletion of 
iron stores, the serum iron level decreases and 
serum transferrin (the iron transport protein) 
increases, which in turn results in increased 
transferrin iron binding capacity (TIBC). 
Serum soluble transferrin receptor (sTfR) and 
sTfR/ferritin index are increased in iron-defi-
ciency anemia. As such, evaluation for iron-
deficiency anemia should include at least 
measurement of serum iron, TIBC, and serum 
ferritin level. Measurements of the red cell 
protoporphyrin level and the sTfR/ferritin 
index may also be helpful.

RBC morphology is affected during the later 
stages of iron deficiency: RBCs are initially 
microcytic and normochromic and eventually 
become microcytic and hypochromic. There is 
also usually marked anisocytosis (elevated RDW) 
and prominent elliptocytes. Reactive thrombocy-
tosis can occur in association with iron-deficiency 
anemia (Fig. 2.1a). Bone marrow examination is 
rarely indicated for iron-deficiency anemia as the 
diagnosis can be established with fairly good 
 reliability based on CBC and serum iron studies. 
However, bone marrow examination may be per-
formed in order to assess marrow reticuloendo-
thelial iron stores in ambiguous cases and in 
patients with additional comorbidities. The bone 
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marrow aspirate smear is the optimal sample for 
evaluation of storage iron and sideroblastic iron 
incorporation, since iron is leached out during 
aqueous processing and decalcification of the 
paraffin-embedded bone marrow biopsy speci-
men. Approximately 40–60% of developing nor-
moblasts have siderotic iron granules in their 
cytoplasm in healthy individuals with normal 
iron stores. Patients with iron deficiency usually 
have absent stainable iron on Prussian blue stain, 
with decreased sideroblastic iron incorporation.

The main differential diagnosis for iron- 
deficiency anemia is thalassemia. Thalassemias 
typically have moderate-to-severe microcytosis 
with varying degrees of anemia. A summarized 
comparison of the various causes of microcytic 
anemias is presented in Table 2.1. Serum iron 

studies and red blood cell morphology are usually 
sufficient to distinguish between these two enti-
ties. A more difficult distinction is between iron 
deficiency secondary to blood loss and iron defi-
ciency associated with inflammation. Generally 
the anemia associated with inflammatory states is 
mild (HGB >10 g/dL) and RBC morphology is 
unaffected. However, with long-standing, chronic 
inflammatory illnesses, reduced iron supply 
and defective iron incorporation can lead to a 
moderately severe microcytic/hypochromic ane-
mia. Serum iron studies are helpful in 
 distinguishing true iron deficiency from anemia of 
chronic disease/inflammation and thalassemia 
(Table 2.1). Iron-deficiency anemia is character-
ized by low serum iron, high TIBC (percent satu-
ration <10%), low ferritin, elevated sTfR/ferritin 

a b

c d

Fig. 2.1 Microcytic anemias. (a) Peripheral blood smear 
of iron-deficiency anemia. There is red cell microcytosis, 
anisopoikilocytosis, and hypochromia. Thromobocytosis, 
as seen in this case, occurs in a subset of cases. 
(b) Peripheral blood smear of β-thalassemia minor. Red 
cells show only mild anisocytosis and also exhibit baso-

philic stippling. (c) Peripheral blood smear of 
α-thalassemia major (hemoglobin H disease). There is 
anisopoikilocytosis with frequent target cells. (d) Bone 
marrow aspirate of α-thalassemia major. There is ery-
throid hyperplasia with striking reactive dyserythropoie-
sis (“stress erythropoiesis”)

2 Cytopenias: Reactive and Neoplastic
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index, and absent marrow iron stores. While some 
patients with anemia of chronic disease/inflam-
mation may have low serum iron and low transfer-
rin saturation, marrow storage iron will still be 
present or even increased, serum ferritin will be 
normal or elevated, and sTfR/ferritin ratio will be 
not be increased. Additional rare conditions 
included in the differential diagnosis of micro-
cytic anemia are conditions associated with muta-
tions in genes regulating divalent metal transporter 
1 (DMT1), ferroportin, ceruloplasmin, hepcidin, 
transferrin, and ferroxidase. 

Thalassemias
Thalassemias are hereditary diseases that com-
prise the second leading etiology of microcytic 
anemias in pediatric and adult populations, with 
nearly 200 million patients affected worldwide. 
They are disorders associated with defective syn-
thesis of α- or β-globin subunits of HbA (α2β2). 
β-Thalassemia is most common in individuals of 
African and Mediterranean decent, whereas 
α-thalassemia and hemoglobin E disease are com-
mon in individuals from Southeast Asia. A diag-
nosis of thalassemia may be suspected in a patient 
with microcytic anemia based on various factors, 
including family history and ethnic background. 
The workup and diagnosis of thalassemia should 
include detailed clinical history, serum iron stud-
ies, and quantification of hemoglobins.

Thalassemia is further divided into thalassemia 
minor, thalassemia intermedia, and thalassemia 
major, depending on the severity of disease second-
ary to the anemia and other signs and symptoms. 
Thalassemia minor is the most common form of 
thalassemia and results from heterozygous muta-
tions in either the α-globin genes (HBA) or β-globin 
gene (HBB). These patients are either asymptom-
atic or have very mild anemia. α-Thalassemia trait 
(deletion of 2 HBA genes), patients with heterozy-
gous HBB mutations, and those with partial hetero-
zygous deletions of both HBA and HBB, including 
HGB Lepore and hereditary persistence of fetal 
hemoglobin (HPFH), also show microcytosis and 
hypochromia out of proportion to the degree of their 
anemia. Patients with α-thalassemia (deletion of a 
single gene), hemoglobin Constant Spring [(αCS), a 
non-deletion form of α-thalassemia], and certain 
subtypes of β-thalassemia have little or no disease 
manifestations and are considered to be silent carri-
ers. Patients with thalassemia intermedia include 
those with milder forms of homozygous 
β-thalassemia, combined α- and β-thalassemia 
defects, β-thalassemia with high levels of hemoglo-
bin F, or (δβ)0-thalassemia. These patients typically 
present with severe microcytic hypochromic ane-
mia as well as signs of exuberant compensatory 
erythropoiesis, including organomegaly and sec-
ondary bone changes. β-Thalassemia major (also 
known as Cooley anemia) is a life-threatening ane-

Table 2.1 Microcytic anemias and their pertinent CBC and peripheral blood smear findings

Type of 
microcytic 
anemia RBC count MCV MCHC RDW

Reticulocyte 
production 
index

Peripheral blood smear 
findings

Iron-deficiency 
anemia

↓ ↓ ↓↓ ↑↑ ↓ Increased pencil cells 
(elliptocytes), blister cells 
(perkeratocytes), +/– target 
cells (codocytes)

Thalassemias Normal or ↑ ↓↓ Normal or ↓ Normal or ↑ ↑ Increased codocytes and 
coarse basophilic stippling

Sideroblastic 
anemia

Normal or ↓ Normal 
or ↓

Normal or ↓ ↑ ↓ Dimorphic RBCs, increased 
hypochromic dacryocytes, 
coarse basophilic stippling, 
Pappenheimer bodies

Anemia of 
chronic disease/
chronic 
inflammation

↓ Normal 
or ↓

Normal or ↓ Normal ↓

RBC red blood cell, MCV mean corpuscular volume, MCHC mean corpuscular hemoglobin concentration, RDW red 
blood cell distribution width
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mia that most often results from homozygous dele-
tions of the β-globin gene, although rare cases result 
from double-heterozygous mutations and other 
abnormal hemoglobins, such as hemoglobin C, E, 
and Lepore. It frequently manifests during the first 
2 years of life. These patients are transfusion depen-
dent and as a result develop severe transfusion- 
related sequelae as well as marked skeletal changes 
due to compensatory marrow hyperplasia and 
growth retardation. Patients with β-thalassemia 
major have elevated serum iron, saturated TIBC, 
and marked tissue iron overload. Other less com-
mon thalassemias include  hemoglobin H disease 
(double heterozygotes for α0 and α+ or αCS) and 
hydrops fetalis (homozygous α0). Hemoglobin H 
comprises 4 β-chains and is highly unstable, leading 
to a hemolytic component.

Patients with thalassemia minor have hypochro-
mic, microcytic RBCs (MCV less than 75 fL) with 
normal or borderline low HGB levels. In contrast to 
iron-deficiency anemia, the RBC count is usually 
elevated. The peripheral blood smear often shows 
increased codocytes (target cells) as a result of 
excess membrane accumulation. Course basophilic 
stippling of erythrocytes is often seen in 
β-thalassemia (Fig. 2.1b). There is little anisocyto-
sis and therefore the RDW is not increased. Patients 
with thalassemia intermedia and major have more 
profound anemia with marked microcytosis and 
hypochromia (Fig. 2.1c). The RDW is also 
increased, with red cell anisopoikilocytosis on the 
peripheral blood smear. The reticulocyte index is 
lower than that expected for the degree of anemia.

The diagnosis and classification of thalassemia 
ultimately rely on quantitative measurement of 
various cellular hemoglobins including hemoglo-
bin A, A2, F, and H. Measurement of other rare 
abnormal hemoglobins such as S, C, D, E, Lepore, 
and Constant Spring is recommended in popula-
tions with high frequency of thalassemia. 
Qualitative measures of hemoglobin H include 
the use of supravital stain brilliant cresyl blue fol-
lowed by quantitation by gel electrophoresis. 
Various methods of hemoglobin measurement are 
currently available for use including high- pressure 
liquid chromatography (HPLC), capillary electro-
phoresis, isoelectric focusing, and cellulose ace-
tate membrane electrophoresis. [3]. In patients 
with microcytic hypochromic anemia and normal 

HbA2 and iron levels, secondary screening meth-
ods for thalassemia may be useful. These include 
assessment for HbH inclusions (insoluble 
β-globin tetramers) using oxidative dyes such as 
brilliant cresyl blue. Insoluble α-globin chain 
inclusions are highlighted with methyl violet and 
resemble Heinz bodies.

A bone marrow examination is usually not 
required in the workup of thalassemia. If per-
formed, the bone marrow is generally hypercel-
lular for age and shows erythroid hyperplasia. 
Dysplastic changes in the erythroid series can be 
prominent, reflecting so-called stress erythropoi-
esis (Fig. 2.1d).

The genetics of thalassemia is heterogeneous, 
resulting from approximately 200 known gene 
mutations/deletions involving the HBA or HBB 
genes on chromosomes 16 and 11, respectively. 
DNA-based molecular diagnosis offers means for 
definitive diagnosis and classification of thalas-
semia. Loss of the HBA gene, commonly through 
deletions and less commonly through non-deletional 
mutations causing impaired function and early 
protein termination, is responsible for 
α-thalassemia. Deletions and non-deletional 
mutations may coexist, resulting in different phe-
notypic manifestations. The majority of 
β-thalassemias result from point mutations in 
HBB. Many PCR-based methods, including allele-
specific oligonucleotide hybridization, reverse dot 
blot analysis, amplification refractory mutation-
PCR, gap-PCR, and direct sequencing as well as 
multigene next-generation sequencing panels, are 
available to detect these mutations [3].

The main differential diagnosis for thalassemia 
is iron-deficiency anemia. Unlike patients with 
thalassemia, those with severe iron- deficiency 
anemia usually do not show bone marrow ery-
throid hyperplasia. Patients with thalassemia often 
have increased serum bilirubin and LDH levels 
(indicative of increased cell turnover), which are 
not increased in patients with iron-deficiency ane-
mia. Unlike patients with iron-deficiency anemia, 
those with thalassemia often show evidence of 
iron overload, with high serum iron levels and 
markedly elevated TIBC saturation, markedly 
increased serum ferritin, and increased stainable 
bone marrow iron. In addition, the degree of 
microcytosis in patients with thalassemia, particu-
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larly thalassemia minor, is out of proportion to the 
level of anemia whereas in iron deficiency, micro-
cytosis appears only after the HGB levels drop to 
below 10–11 g/dL. RDW is another helpful index 
in  distinguishing these two entities: iron-defi-
ciency anemia is associated with elevated RDW 
whereas thalassemia patients usually have normal 
or only mildly elevated RDW.

Sideroblastic Anemias
Sideroblastic anemias have an overall incidence 
of 1–3 per 100,000 population and are character-
ized by bone marrow ring sideroblasts as shown 
on Prussian blue stain [4]. They can be congenital 
or acquired and are primarily linked to alterations 
of the heme biosynthesis and iron-sulfur biogen-
esis pathways, as well as defects in the translation 
of mitochondrial proteins. The anemia is due to 
ineffective erythropoiesis, which results in sys-
temic iron overload and its associated sequelae.

Congenital sideroblastic anemias are divided 
into syndromic and non-syndromic types, the for-
mer being defined by the presence of non- 
hematologic abnormalities in the affected 
individuals. The clinical, laboratory, and genetic 
features of genetically defined congenital sidero-
blastic anemias are summarized in Table 2.2 [5]. 
The genetic defect is unknown in approximately 
40% of cases. The anemia of patients with congeni-
tal sideroblastic anemia is characteristically micro-
cytic and hypochromic, with decreased MCV and 
MCHC. RBCs show prominent anisopoikilocyto-
sis. Notably, the peripheral blood smear may show 
a dimorphic RBC population comprised of micro-
cytic, hypochromic red cells and normocytic red 
cells. This phenomenon may be seen in patients 
with the autosomal form of disease as well as 
affected males and female carriers of the X-linked 
form of disease. MCV may also be elevated, par-
ticularly in the mitochondrial forms of the disease. 

Table 2.2 Laboratory features of congenital sideroblastic anemias
Disease MCV Genetic defect Other features

Nonsyndromic

 X-linked (XLSA) ↓ ALAS2 mutations Mild anemia or asymptomatic; MCV 
may be normal or increased in women 
with skewed X-chromosome inactivation 
in hematopoietic tissue

 SLC25A38 deficiency ↓ SLC25A38 mutations Severe, transfusion-dependent anemia, 
presents early in life

 Glutaredoxin 5 deficiency ↓ GLRX5 mutations Very rare; typically transfusion-
dependent anemia

 Erythropoietic protoporphyria (EPP) FECH mutation Mild anemia presenting in childhood; 
photosensitivity

Syndromic

 XLSA with ataxia ↓ ABCB7 mutations Mild anemia presenting in childhood, 
neurologic defects; mild increase in 
RDW and few circulating siderocytes 
may be seen in female carriers

  CSA, B-cell immunodeficiency, 
periodic fevers, and developmental 
delay (SIFD)

↓ Unknown Severe anemia from infancy

 Pearson marrow-pancreas syndrome ↑ Mitochondrial DNA 
deletions, 
duplications, and 
rearrangements

Presents in infancy; marked 
vacuolization of erythroid and myeloid 
progenitors in bone marrow; 
abnormalities in mitochondrial 
ultrastructure in skeletal muscle

  Myopathy, lactic acidosis, and 
sideroblastic anemia (MLASA)

Normal or ↑ PUS1 and YARS2 
mutations 

Presents in childhood with anemia and 
muscle weakness; vacuolization of bone 
marrow progenitors and abnormalities in 
mitochondrial ultrastructure in skeletal 
muscle

  Thiamine-responsive megaloblastic 
anemia (TRMA) syndrome

↑ SLC19A2 biallelic 
mutations

Variable age of onset; cellular thiamine 
deficiency

MCV mean corpuscular hemoglobin, RDW red blood cell distribution width, XLSA X-linked sideroblastic anemia, CSA 
congenital sideroblastic anemia
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Chronic alcohol ingestion, copper deficiency, and 
hypothermia are the most common causes of 
acquired metabolic sideroblastic anemias. Many 
drugs can cause sideroblastic anemia, including 
various antibiotics, hormones, and chemotherapeu-
tic agents. Some myelodysplastic syndromes are 
also associated with acquired ring sideroblasts and 
these are discussed later in this chapter.

 Normocytic Anemias

Anemia of Chronic Disease/Anemia 
of Chronic Inflammation
Patients with chronic inflammatory diseases 
(including infections and collagen vascular dis-
eases), renal insufficiency, and hypothyroidism can 
be affected by anemia of chronic disease/inflamma-
tion. The major cause for this condition is an imbal-
ance between serum erythropoietin levels and bone 
marrow response to erythropoietin. Accordingly, 
the reticulocyte index and red cell synthesis are 
reduced in these patients. Bone marrow response to 
renal erythropoietin is a tightly regulated process 
that directly correlates with an individual’s degree 
of anemia and relies on adequate iron supplies. 
Appropriate release of iron from the reticuloendo-
thelial system in turn relies on hepcidin. 
Inflammatory cytokines, such as IL6, result in over-
expression of hepcidin and increased levels of cir-
culating iron, which in turn lead to reduced levels of 
erythropoietin and decreased erythropoiesis in the 
bone marrow. The severity of anemia generally cor-
relates with the severity of the primary illness.

A comprehensive workup for anemia in 
patients with chronic diseases should include 

CBC, reticulocyte count, and serum iron studies 
(serum iron, TIBC, ferritin, and sTfR). Red blood 
cell morphology can range from normocytic and 
normochromic to microcytic and hypochromic 
depending on the degree of anemia, albeit the 
degree of microcytosis and hypochromia seldom 
reaches that of iron-deficiency anemia. Table 2.3 
summarizes the pertinent laboratory studies in 
patients with anemia of chronic disease/inflam-
mation compared to those with iron deficiency.

A bone marrow examination is rarely indicated 
in these patients as the diagnosis can be established 
by careful history and comprehensive laboratory 
studies. Bone marrow iron stores may be increased.

The differential diagnosis includes iron- 
deficiency anemia and other anemias associated 
with low red blood cell production.

Acquired Pure Red Cell Aplasia
Pure red cell aplasia is characterized by isolated 
anemia as a result of failure of erythropoiesis. The 
diagnosis relies upon the presence of anemia 
(which may be normocytic or macrocytic), low 
reticulocyte production index, and absent or 
markedly hypoplastic bone marrow erythropoietic 
precursors. Platelet and leukocyte counts are usu-
ally normal and serum iron studies usually show 
increased iron saturation and ferritin levels. In 
contrast, aplastic anemia applies to patients with 
pancytopenia and markedly reduced bone mar-
row cellularity with reduction of all three 
hematopoietic lineages (see Chap. 4). The patho-
genesis is due to antibody and cellular mediated 
immune inhibition of erythropoiesis. It is most 
frequently encountered in association with auto-
immune diseases (such as rheumatoid arthritis, 

Table 2.3 Comparison of serum iron profile in patients with iron-deficiency anemia and anemia of 
chronic disease

Condition
Serum 
iron TIBC

Serum ferritin 
(μg/L)

Serum sTfR/
ferritin

Marrow iron 
stores

Iron-deficiency anemia ↓ ↑↑ ↓(<30) >2.5 ↓
Anemia of chronic disease due to chronic 
renal failure

Normala Normala Normal Variable Normal

Anemia of acute or chronic 
inflammatory diseases

↓ ↓ ↑(>100) <2.5 ↑

Anemia of chronic disease due to 
hypothyroidism or pituitary dysfunction

Normala Normala Normal Variable Normal

TIBC total iron binding capacity, sTfR soluble transferrin receptor
aSerum iron and TIBC may be abnormal in patients receiving chronic hemodialysis where the iron stores are depleted 
and patients with transfusion-dependent chronic renal failure may show signs of iron overload
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systemic lupus erythematosus, and myasthenia 
gravis), certain neoplasms (particularly thymoma 
[6] and lymphomas, including chronic lympho-
cytic leukemia/small lymphocytic lymphoma and 
large granular lymphocytic leukemia [7]), certain 
drugs, and viral infection. Many cases are idio-
pathic, with no identified association. 

The infection most strongly associated with 
pure red cell aplasia is parvovirus B19, which pref-
erentially infects erythroid precursors and arrests 
red cell production. Although the majority of 
patients have self- limited and even asymptomatic 
infections, persistent infection due to ineffective 
host antibody response (usually in immunocom-
promised patients) may lead to severe anemia or 
pancytopenia [8, 9]. Severe anemia, termed “tran-
sient aplastic crisis” also characterizes parvovirus 
B19 infection in patients with hemolytic anemias. 

Due to the increased cell turnover associated with 
hemolytic anemias, even a transient arrest in eryth-
ropoiesis rapidly leads to severe anemia. Transient 
aplastic crisis is most frequently associated with 
sickle cell disease, but also can occur in patients 
with hereditary spherocytosis, thalassemia, and 
other hemolytic anemias [10].

Several medications have been linked to pure 
red cell aplasia, including diphenylhydantoin, 
sulfa and sulfonamide drugs, azathioprine, allo-
purinol, isoniazid, procainamide, ticlopidine, rib-
avirin, and penicillamine [11]. Rarely, pure red 
cell aplasia may occur during pregnancy and in 
such cases, the anemia can be severe, with trans-
fusion dependency.

Bone marrow examination demonstrates com-
plete absence or markedly reduced (<5%) ery-
throid precursors (Fig. 2.2a, b). Myelopoiesis and 

a b

c d

Fig. 2.2 Pure red cell aplasia. Bone marrow aspirate (a) 
and biopsy (b) in pure red cell aplasia secondary to thy-
moma. There is an almost complete absence of erythroid 
elements, with preserved myelopoiesis; in this case, mega-
karyocytes are also decreased. In pure red cell aplasia due 
to parvovirus infection (c), there is also a marked paucity of 

erythroid elements in the bone marrow biopsy, with occa-
sional markedly enlarged primitive erythroblasts (giant pro-
normoblasts). The virally infected erythroblasts can be 
demonstrated by immunostaining for parvovirus (d) and 
the giant pronormoblasts are highlighted by glycophorin 
immunostain (d, inset)
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megakaryopoiesis are normal. In parvovirus B19 
infection, markedly enlarged primitive erythroid 
precursors (“giant pronormoblasts”) can often be 
seen in both biopsy and aspirate specimens; some 
cells may contain visible viral inclusions. Infected 
erythroid cells in the marrow are highlighted by 
immunostaining for parvovirus B19 (Fig. 2.2c, d).

The differential diagnosis includes myelodys-
plastic syndromes with pure red cell aplasia [12]. 
Bone marrow examination for assessment of mor-
phologic dysplasia and cytogenetics can aid in 
making this distinction. Idiopathic pure red cell 
aplasia is a diagnosis of exclusion and requires a 
comprehensive workup, including imaging stud-
ies to exclude thymoma and lymphoproliferative 
disorders, peripheral blood flow cytometry for 
exclusion of lymphoid leukemias, and bone mar-
row examination to exclude MDS. Parvovirus 
B19 infection should always be investigated in 
these patients by serology, PCR, and/or immunos-
taining of bone marrow for parvovirus.

Anemia Associated with Bone Marrow 
Infiltration (Myelophthisic Anemia)
Myelophthisic anemia is caused by bone marrow 
infiltration by abnormal cells or extracellular 
material, usually metastatic tumor [13] or fibro-
sis, but also including granulomatous inflamma-
tion, storage diseases, bone marrow necrosis 
[14], or rarely noncellular deposits such as oxalo-
sis [15]. A myelophthisic picture is frequently 
encountered in myeloproliferative neoplasms 

with extensive bone marrow fibrosis, particularly 
advanced primary myelofibrosis. Anemia is often 
accompanied by a leukoerythroblastic picture in 
the peripheral blood smear (defined as increased 
dacryocytes erythrocytes, left-shifted leukocyto-
sis, and circulating nucleated red blood cells). 
Very severe bone marrow infiltrative processes 
can be associated with pancytopenia. Table 2.4 
provides a summary of conditions commonly 
associated with myelophthisic anemia.

The anemia ranges from mild to severe. 
Circulating nucleated red blood cells and 
increased dacryocytes are the hallmarks of this 
condition (Fig. 2.3). Bone marrow examination, 
particularly a biopsy, is indicated if the periph-
eral blood smear shows evidence to suggest a 
myelophthisic process. Severe marrow infiltra-
tion and fibrosis frequently lead to an inaspirable 
marrow, but aggregates of tumor cells may be 
identifiable even in hemodilute aspirate smears 
or on touch preparations prepared from the bone 
marrow core.

The main differential diagnosis is between an 
advanced, fibrotic myeloproliferative neoplasm 
and a marrow infiltrative process; this distinction 
relies on bone marrow examination. Patients with 
advanced myeloproliferative neoplasms and a 
leukoerythroblastic picture almost invariably have 
splenomegaly, a feature that is uncommon in most 
other conditions associated with myelophthisic 
anemia. Sepsis, acute severe hypoxia, sudden car-
diac arrest, thalassemia major, congestive heart 

Table 2.4 Causes of myelophthisic anemia

Metastatic solid tumor

Myeloproliferative neoplasms with myelofibrosis

Lymphoma involving bone marrow

Hairy cell leukemia with marrow fibrosis

Pulmonary hypertension with marrow fibrosis

Granulomatous inflammation

Non-cellular deposits

  • Oxalosis

Storage diseases

  • Gaucher disease

  • Niemann-Pick disease

Hemophagocytic syndrome

Bone marrow necrosis

  • Sickle cell crisis

  • Infectious/sepsis

  •  All-trans retinoic acid therapy of acute promyelocytic leukemia

Disseminated intravascular coagulation
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failure, and severe hemolytic anemia may also 
present with leukoerythroblastosis, potentially 
mimicking a myelophthisic process [16].

Hemolytic Anemias
Hemolytic anemias encompass a broad spectrum 
of disorders associated with an increased rate of 
red blood cell destruction. These conditions are 
further categorized based on the etiology of hemo-
lysis which is broadly divided into four major 
groups: defects inherent to the RBC (intrinsic RBC 
defects), immune- meditated factors, mechanical 
factors, and infections. Intrinsic hemolytic anemias 
include disorders of HGB (hemoglobinopathies), 
the red cell membrane, or red cell enzymes. The 
majority are inherited, but paroxysmal nocturnal 
hemoglobinuria (discussed separately in Chap. 4) 
is an exception. Table 2.5 provides a comprehen-
sive list of intrinsic hemolytic anemias with 
 pertinent clinical, laboratory, and genetic features 
of the most common forms [17]. Patients present 
with symptoms of anemia and hemolysis, includ-
ing jaundice and dark urine. Diagnostic evaluation 
of intrinsic hemolytic anemias includes evaluation 
of RBC morphology, RBC membrane protein anal-
ysis, HGB electrophoresis, RBC enzyme measure-
ment, and potentially genetic testing. Bone marrow 
examination is rarely indicated.

Hereditary Spherocytosis
Hereditary spherocytosis [18] is an intrinsic 
hemolytic anemia characterized by an increase in 

osmotically fragile, spherical shaped red blood 
cells on the peripheral blood smear. It is the most 
common form of inherited hemolytic anemia in 
northern European Caucasians, but affects all 
racial groups. Inheritance is autosomal dominant 
in the majority of cases. Hemolysis results from 
membrane fragility due to defects in membrane 
proteins, including spectrin, ankyrin, band 3, and 
protein 4.2, which lead to decreased surface area 
relative to intracellular volume causing the char-
acteristic spherical shape. Damaged RBCs are 
ultimately destroyed in the spleen.

Patients present clinically with varying 
degrees of hemolysis leading to anemia, jaun-
dice, increased reticulocyte index, gallstones, 
and splenomegaly. A positive family history of 
hemolysis is helpful in suspecting this diagnosis. 
Most patients have mild-to-moderate normocytic 
anemia with HGB in the range of 9–12 g/dL. 
Review of the peripheral blood smear demon-
strates a variable number of spherocytes (RBCs 
lacking central pallor). The MCHC is increased 
in half of patients, but the MCV is usually nor-
mal. The reticulocyte index is markedly 
increased, often disproportionate to the degree of 
anemia. Serum lactate dehydrogenase, urinary 
and fecal urobilinogen, and indirect bilirubin are 
increased and serum haptoglobin is decreased.

The diagnosis is established by demonstrating 
increased osmotic fragility with hypotonic concen-
trations of sodium chloride. Flow cytometric 
assessment using eosin 5′-maleimide (EMA), a 

a b

Fig. 2.3 Myelophthisic anemia in patient with metastatic 
breast cancer. (a) The peripheral blood smear shows ane-
mia with circulating nucleated RBCs and occasional dac-

ryocytes. A circulating myelocyte is seen in the upper left 
corner of the image. (b) The bone marrow biopsy shows 
extensive involvement by metastatic adenocarcinoma
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Table 2.5 Inherited hemolytic anemias
Disorder Gene/inheritance RBC morphology Diagnosis
RBC membrane disorders

Hereditary spherocytosis 
(HS)

ANK1 (AD/AR)
SPTB (AD)
SPTA1 (AR)
SLC4A1 (AD)
EPB42 (AR)

Spherocytes RBC morphology
Osmotic fragility test

Hereditary elliptocytosis SPTA1 (AD)
SPTB (AD)
EPB41 (AD)

Elliptocytes >25% Coombs negative

Hereditary 
pyropoikilocytosis

EPB41 (AR)
SPTA1 (AR)
SPTB (AR)

Bizarre RBC fragments Demonstration of eosin-5’-
maleimide-labeled RBCs by 
flow cytometry

Dehydrated hereditary 
stomatocytosis

PIEZO1 (AD)
KCNN4 (AD)

Macrocytosis; stomatocytes, 
target cells, schistocytes, 
spiculated cells

RBC morphology

Overhydrated hereditary 
stomatocytosis

RHAG (AD) RBC morphology

Southeast Asian 
ovalocytosis

RHAG (AD) ↑↑Ovalocytes with transverse 
bars or single longitudinal slit

RBC morphology

RBC enzyme disorders

G6PD deficiency G6PD (XLR) Usually normal ; rarely bite cells Enzyme measurement

Pyruvate kinase deficiency PKLR (AR) Usually normal; occasionally 
contracted echinocytes

Enzyme measurement

Enolase deficiency ENO1 (AD) Normal Enzyme measurement

Adenylate kinase 
deficiency

AK1 (AR) Normal Enzyme measurement

Glucose phosphate 
isomerase deficiency

GPI (AR) Normal Enzyme measurement

Pyrimidine 5’ nucleotidase 
(UMPH1) deficiency

NT5C3A (AR) Prominent stippling Enzyme measurement

Gamma-glutamylcysteine 
synthetase deficiency

GCLC (AR) Normal Enzyme measurement

Glutathione peroxidase 
deficiency

GPX1 (AR) Normal Enzyme measurement

Glutathione reductase 
deficiency

GSR (AR) Normal Enzyme measurement

Glutathione synthetase 
deficiency

GSS (AR) Normal Enzyme measurement

Hexokinase deficiency HK1 (AR) Normal Enzyme measurement

Bisphosphoglycerate 
mutase deficiency

BPGM (AR) Normal Enzyme measurement

Phosphoglycerate kinase 1 
deficiency

PGK1 (XLR) Normal Enzyme measurement

Triosephosphate isomerase 
deficiency

TPI1 (AR) Normal Enzyme measurement

Hemoglobinopathies

β-Thalassemia HBB (AD/AR) Target cells HGB electrophoresis, 
isoelectric focusing, and 
high-performance liquid 
chromatography

α-Thalassemia HBA1 (AR)
HBA2 (AR)

Sickle cell disease HBB (AR) Sickle cells

AD autosomal dominant, AR autosomal recessive, XLR X-linked recessive, HGB hemoglobin, G6PD glucose-6-phosphate 
dehydrogenase, RBC red blood cell
Modified from Kim et al. [17]
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fluorescent dye that binds to the transmembrane 
proteins band 3, Rh protein, Rh glycoprotein, and 
CD47, may be useful for diagnosis: patients with 
hereditary spherocytosis show decreased fluores-
cence compared to healthy controls. Decreased 
fluorescence may also be seen in patients with 
hereditary elliptocytosis and hereditary pyropoi-
kilocytosis, a subset of red cell enzymopathies (see 
below) and other abnormalities of band 3, includ-
ing congenital dyserythropoietic anemia type II.

Hereditary Elliptocytosis and Hereditary 
Pyropoikilocytosis
Hereditary elliptocytosis (HE) is a relatively 
common disorder characterized by the presence 
of increased elliptocytes on the peripheral blood 
smear [18, 19]. HE has a worldwide distribu-
tion, but it has the highest prevalence (up to 2% 
of population) in regions where malaria is 
endemic, such as West Africa. It is inherited in 
an autosomal dominant fashion. Clinical pre-
sentation is heterogeneous, ranging from 
asymptomatic carriers to severe, life-threaten-
ing hemolytic anemia. The disorder is caused by 
mutations in SPTA1 (65%), SPTB (30%), and 
EPB41 (5%), which encode for the cytoskeletal 
proteins α-spectrin, β-spectrin, and protein 
4.1R, respectively. Decreased membrane stabil-
ity as the result of defective interactions of the 
RBC cytoskeletal proteins, including spectrin, 
actin, and 4.1R junctional complex, causes 
weakened lateral interactions of the spectrin-
based membrane skeleton. The severity of the 
anemia is related to the extent of decreased 
membrane stability. Splenectomy alleviates the 
severity of the anemia by increasing the life 
span of damaged RBCs.

The reticulocyte production index is increased 
and other hemolysis-associated laboratory find-
ings (increased LDH, decreased haptoglobin, and 
increased indirect bilirubin) are present. The 
osmotic fragility test shows abnormal results in 
severe forms of HE. Other diagnostic tests include 
quantification of RBC membrane proteins by pro-
teomic-based analyses. Ektacytometry, a method 
used for characterizing erythrocyte deformability, 
may also be useful establishing the diagnosis. 
Molecular testing for assessment of mutations is 

rarely needed, but may be indicated in cases 
where laboratory results are ambiguous.

Review of the peripheral blood smear shows the 
characteristic cigar-shaped elliptocytes ranging 
from few to nearly all RBCs. Other misshapen 
RBCs may also be seen. The degree of hemolysis 
does not correlate with the number of elliptocytes.

Hereditary pyropoikilocytosis (HPP) is a 
severe form of HE due to homozygous or com-
pound heterozygous mutations of SPTA1, SPTB, 
or EPB41, leading to very severe disruption of 
spectrin self-association. Patients present in 
infancy or early childhood with a severe hemo-
lytic anemia. RBCs show increased thermal sen-
sitivity and marked poikilocytosis, mimicking 
the peripheral blood features of patients with 
severe thermal burns [20].

The differential diagnosis of HE includes other 
disorders with increased elliptocytes on the blood 
smear such as megaloblastic anemia, iron- deficiency 
anemia and thalassemia, and myeloid malignancies 
such as MDS and primary myelofibrosis. 
Elliptocytes generally comprise less than 25% of 
RBCs in these conditions. Pseudo- elliptocytosis is 
an artifactual phenomenon that results from PB 
smear preparation. In contrast to the randomly dis-
tributed long axes of true elliptocytes, the long axes 
of pseudo-elliptocytes are uniformly parallel [21].

Red Blood Cell Enzymopathies
Red cell enzyme disorders comprise a broad 
range of RBC enzyme deficiencies that lead to 
varying degrees of hemolytic anemia. G6PD 
deficiency is the most common RBC enzymopa-
thy, with a worldwide prevalence of approxi-
mately 400 million people [17]. It is particularly 
common in areas where malaria is endemic. 
Neonatal jaundice is the most serious complica-
tion of G6PD deficiency. It has an X-linked reces-
sive mode of inheritance. The G6PD mutations 
lead to decreased enzyme stability and defective 
ability to effectively synthesize glutathione, 
which leads to RBC membrane damage and a 
shortened RBC life span. The decreased enzyme 
activity also leads to increased stress-induced 
destruction of RBCs. Measurement of G6PD 
enzyme activity levels is commonly used as a 
screening tool for G6PD deficiency when a clini-
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cal suspicion is raised. G6PD mutations are 
highly heterogeneous, but most are single-nucle-
otide substitutions leading to missense mutations 
[17]. In the more common forms, hemolysis 
occurs only during periods of stress induced by 
exogenous  factors, typically infection or admin-
istration of oxidative drugs [22], and in some 
patients with ingestion of fava beans (Favism). 
Patients with the less common, severe variants of 
G6PD experience chronic hemolysis. Varying 
degrees of anemia and reticulocytosis are the 
main laboratory features of patients with G6PD 
deficiency.

Review of the peripheral blood smear demon-
strates increased spherocytes and schistocytes dur-
ing severe episodes of hemolytic anemia. Heinz 
bodies (inclusions within red blood cells com-
posed of denatured HGB) are seen only during 
episodes of hemolysis. Other laboratory features 
of hemolysis, including reticulocytosis (some-
times accompanied by increased MCV), increased 
indirect bilirubin, decreased haptoglobin, and 
increased serum LDH, are present during episodes 
of active hemolysis. Diagnosis depends on the 
demonstration of decreased G6PD enzyme activ-
ity using any of a number of commerically avail-
able qualitative and quantitative assays [23]. Of 
note, enzyme measurement assays may show 
false-negative results in patients who have been 
recently transfused with normal red blood cells.

Hemoglobinopathies
Hemoglobinopathies are the most common inher-
ited disorder of red blood cells. Approximately 5% 
of the general population are carriers of hemoglo-
binopathy genes. Among this heterogeneous group 
of disorders, sickle cell disease and thalassemias 
comprise the vast majority of cases. Thalassemias 
are discussed in the section on microcytic anemia 
above. Sickle cell anemia is highly prevalent in 
sub-Saharan and equatorial Africa, closely mim-
icking the worldwide distribution of malaria falci-
parum, followed by the Middle East, India, and the 
Mediterranean regions. Sickle HGB is the defec-
tive product resulting from a glutamic acid-to-
valine substitution at the sixth amino acid of the 
HBB gene. Sickle cell disease is an autosomal 
recessive disorder resulting from homozygous 

HBB p.E6V mutation or from compound hetero-
zygosity for sickle HGB and β-thalassemia or 
other abnormal β-globin variants. The sickle HGB 
molecule is insoluble upon deoxygenation and 
RBCs containing deoxy HbS polymer are abnor-
mally rigid. This results in RBC membrane 
changes and abnormal interaction of sickle HGB 
with endothelial cells and leukocytes, nitric oxide 
depletion, release of inflammatory cytokines, and 
activation of the coagulation cascade. The constel-
lation of these processes leads to hemolysis and an 
increased risk for vaso- occlusive episodes and 
multiorgan damage.

The peripheral blood smear shows “sickled” or 
crescent-shaped RBCs, because hemoglobin SS is 
prone to crystallization in RBCs in the presence 
of low oxygen tension (Fig. 2.4a). These abnor-
mal RBCs adhere to one another and tend to 
sludge in capillaries, resulting in decreased blood 
flow and further reduced oxygen tension, thus cre-
ating a “vicious cycle” of sickling. 

Solubility testing and assessing sickling of 
RBCs in the presence of sodium metabisulfite are 
good screening tests for sickle cell anemia, but 
they are not very specific. Definitive diagnosis of 
sickle cell anemia can be established using high-
performance liquid chromatography (HPLC) and 
isoelectric focusing to identify hemoglobin S [24]

Bone marrow biopsy is rarely indicated in 
sickle cell anemia. If performed, there is usually 
erythroid hyperplasia, sometimes with dyseryth-
ropoiesis reflecting “stress erythropoiesis,” simi-
lar to that seen in thalassemia and other hemolytic 
anemias (Fig. 2.4b). Bone marrow necrosis is a 
complication of sickle cell disease and necrotic 
bone marrow fragments may embolize to the 
lung, causing acute chest syndrome.

Autoimmune Hemolytic Anemia
Autoimmune hemolytic anemia (AHA) is caused 
by the interaction of autoantibodies with polysac-
charide or protein antigens on the RBC  membrane, 
leading to shortened RBC survival. They are 
divided into primary (idiopathic) and secondary 
forms. Conditions associated with secondary 
AHA include autoimmune diseases, infections 
(particularly infectious mononucleosis and 
Mycoplasma pneumoniae), drugs, and exposure 

2 Cytopenias: Reactive and Neoplastic



30
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Fig. 2.4 Sickle cell anemia. (a) The peripheral blood 
smear shows sickled erythrocytes, which are elongated, 
curved, and densely stained. (b) The bone marrow aspi-

rate smear shows marked erythroid hyperplasia, with ery-
throid nuclear irregularities reflecting stress erythropoiesis. 
Sickled erythrocytes are also seen

to foreign antigens that result in antibodies cross- 
reacting with self-RBC antigens. AHA can also 
occur as a paraneoplastic phenomenon, over half 
of which are associated with lymphoid neoplasms, 
particularly chronic lymphocytic leukemia (CLL). 
Autoantibodies associated with hemolysis are 
generally classified into “warm autoantibodies” 
which are more common, react most robustly at 
37 °C, and are primarily IgG class and rarely IgA, 
and “cold autoantibodies,” which react best at 
temperatures below 25 °C and are primarily 
IgM. These antibodies induce hemolysis by 
agglutinating RBCs and activating complement. 
Most warm autoantibodies are directed against Rh 
protein, while cold agglutinins are commonly 
directed against I antigen of RBCs.

Patients with AHA may be asymptomatic or 
present with signs of severe hemolysis. 
Splenomegaly is common. Episodic, acute hemo-
lysis induced by cold temperatures may be seen 
in a subset of patients with cold agglutinins and  
RBC agglutination in cold temperatures may lead 
to vaso-occlusive events, including cyanosis 
involving the fingers, toes, nose, and ears or very 
rarely ulceration and necrosis of skin. Laboratory 
testing demonstrates anemia with an increased 
reticulocyte count. Other cytopenias are less 
common, but occasionally AHA can be associ-
ated with immune-mediated thrombocytopenia, 
also referred to as Evans syndrome. The diagnosis 
of AHA can be established by demonstrating the 

presence of immunoglobulin and/or complement 
bound to the patient’s RBCs. The Coombs or 
direct antiglobulin test (DAT) is used as a screen-
ing method. This assay contains antibodies 
against human immunoglobulin and complement 
components (principally C3). If DAT is positive 
and agglutination is observed, additional testing 
is done with antisera that react selectively with 
IgG or C3 [25]. 

The peripheral blood smear of patients with 
AHA shows polychromasia indicative of reticu-
locytosis. Partial phagocytosis of antibody- 
coated RBC membranes results in the formation 
of spherocytes in patients with warm AHA 
(Fig. 2.5a, b). Spherocytes are less common in 
patients with cold agglutinin antibodies; rather, 
the PB smear may exhibit prominent RBC agglu-
tination. Bone marrow examination is rarely indi-
cated, but if performed, the bone marrow biopsy 
usually shows hypercellularity with erythroid 
hyperplasia and left shift. Mild stress-induced 
dyserythropoiesis may be observed (Fig. 2.5c, d).

The differential diagnosis includes hereditary 
spherocytosis, which is also characterized by 
increased spherocytes on the PB smear and sple-
nomegaly, and other hemolytic anemias. The DAT 
test in patients with hereditary spherocytosis is 
negative. Drug-induced hemolytic anemia should 
be considered if there is a history of exposure to 
hemolysis-inducing drugs. Spider bite (particular 
the brown recluse spider) can lead to a severe 
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hemolytic anemia with positive DAT (IgG or 
complement) and PB spherocytosis. Alloimmune 
hemolytic anemia is a condition in which a 
donor’s antibodies destroy RBCs and it may be 
suspected in patients with recent history of trans-
fusion. Hematopoietic stem cell transplant recipi-
ents may develop donor- derived autoantibodies 
against RBC antigens produced by the grafted 
bone marrow. Solid organ transplant recipients can 
also develop alloantibody- mediated or lympho-
cyte-derived autoantibody-mediated hemolysis.

Hemophagocytic Syndrome
Hemophagocytosis is the occurrence of intact 
hemopoietic cells (particularly erythrocytes, but 
also nucleated hematopoietic elements of any 

lineage and platelets) within the cytoplasm of 
phagocytic histiocytes. Hemophagocytic lym-
phohistiocytosis (HLH), also known as hemo-
phagocytic syndrome, is an inherited or acquired 
histiocyte activation syndrome characterized by 
hemophagocytosis. Primary (familial) HLH is a 
rare, autosomal recessive disease that usually 
manifests in infancy or early childhood [26]. 
A large subset of familial HLH is due to muta-
tion in the PRF1 gene encoding perforin [27]. 
Defects in other genes, including UNC13D and 
STX11 [28], cause HLH in smaller subsets of 
patients. These mutations result in impaired 
cytotoxic T-cell and NK-cell function that leads 
to inappropriate activation of macrophages and 
uncontrolled macrophage phagocytosis of hema-

a b

c d

Fig. 2.5 Autoimmune hemolytic anemia. (a, b). In the 
peripheral blood smear, RBCs show anisocytosis, with 
frequent microspherocytes (small RBCs lacking central 
pallor). There is prominent polychromasia and many 
RBCs show basophilic stippling. A nucleated red blood 
cell is present in panel (a). (c) Marked erythroid hyperpla-

sia and left shift are seen in the bone marrow aspirate 
smear. Nuclear irregularities reflecting stress erythropoi-
esis are present. (d) The bone marrow biopsy is pro-
foundly hypercellular with marked erythroid hyperplasia 
and left shift
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topoietic elements. Primary HLH may also occur 
in patients with inherited immunodeficiency 
syndromes such as Chediak-Higashi and 
X-linked lymphoproliferative syndrome [29]. 
Secondary HLH is more common than primary 
HLH and can be induced by an infection, tumor, 
or chronic inflammatory process [30, 31]. 
Infections are the inciting factor in over 50% of 
HLH cases, and include herpesviruses (espe-
cially EBV), HIV, other viruses, and occasion-
ally bacterial, fungal, and parasitic infections 
(particularly leishmania, malaria, and toxo-
plasma in immunosuppressed patients). 
Compared to uncomplicated infectious mono-
nucleosis, EBV viral titers are typically very 
high in HLH associated with EBV infection 
[32]. Of note, infections can precipitate the first 
episode of hemophagocytosis in patients with 
familial HLH, and thus identifying an underly-
ing infection does not exclude a genetic/familial 
etiology; moreover, some forms of familial HLH 
may not manifest until adult life [33, 34]. The 
most common lymphomas associated with HLH 
are adult T-cell leukemia/lymphoma, aggressive 
NK-cell leukemia, hepatosplenic lymphoma, 
subcutaneous panniculitis- like T-cell lymphoma, 
diffuse large B-cell lymphoma (especially intra-
vascular large B-cell lymphoma and EBV+ large 
B-cell lymphomas), and classical Hodgkin 
lymphoma.

HLH patients typically present with fever, 
splenomegaly, and anemia, usually with other 
cytopenias. The criteria required to make the 
diagnosis are shown in Table 2.6. Other abnormal 
clinical and laboratory findings that can be clues 
to the diagnosis of HLH (but are not considered 
diagnostic criteria) are meningeal symptoms, 
lymphadenopathy, edema, skin rash, elevated 
liver function tests, hypoproteinemia, and hypo-
natremia [35]. Patients are often critically ill at 
presentation and rapid diagnosis is important to 
ensure prompt institution of therapy, since HLH 
is an aggressive disease with a high mortality. 
Bone marrow biopsy and aspirate are often per-
formed to evaluate a clinical suspicion of HLH, 
since hemophagocytosis is a key diagnostic fea-
ture of the disease and is usually readily identi-
fied in the marrow in affected patients. However, 

hemophagocytosis may be a nonspecific finding 
and has been identified in up to 50% of patients 
who undergo bone marrow examination as part 
of a workup for fever and also after blood trans-
fusions [35, 36]. Hemophagocytic histiocytes are 
less frequent in these settings than in cases fulfill-
ing diagnostic criteria for HLH. Conversely, a 
diagnosis of HLH can be made even if hemo-
phagocytosis is not seen in the bone marrow, pro-
vided that sufficient other diagnostic criteria (see 
Table 2.6) are fulfilled.

The hemophagocytic histiocytes identified in 
the bone marrow are large and contain one or often 
multiple ingested hematopoietic cells, including 
erythrocytes, nucleated erythroid and myeloid ele-
ments, and sometimes platelets. They may be seen 
on either the aspirate or the biopsy specimens 
(Fig. 2.6). Phagocytic histiocytes, which are com-
monly seen in lymphoid tissues with high cell 
turnover, contain pyknotic cellular debris, which is 
different from the intact cells found within the 

Table 2.6 Diagnostic criteria for hemophago-
cytic lymphohistiocytosis (Adapted from [35])

The diagnosis of hemophagocytic lymphohistiocytosis 
(HLH) can be established if either criterion A or 
criterion B is fulfilled

Criterion A. A molecular diagnosis consistent with HLH 
(primary HLH)

Criterion B. At least five of the following eight 
diagnostic criteria are fulfilled:

  1. Fever

  2. Splenomegaly

  3.  Cytopenias (affecting at least two of the three 
lineages in the peripheral blood)

   a.  HGB <9 g/dL (in infants <4 weeks of age, 
HGB <10 g/dL)

   b. Platelets <100 × 109/L

   c. Neutrophils <1.0 × 109/L

  4. Hypertriglyceridemia and/or hypofibrogenemia

   a. Fasting triglycerides ≥265 mg/dL

   b. Fibrinogen ≤1.5 g/L

  5.  Hemophagocytosis in bone marrow, spleen or lymph 
nodes

  6.  Low or absent NK cell activity (according to local 
laboratory reference)

  7. Serum ferritin ≥500 μg/L

  8.  Soluble CD25 (i.e., soluble IL-2 receptor) ≥2400 U/
mL

IL-2 interleukin 2, NK natural killer
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cytoplasm of true hemophagocytic histiocytes. 
Evaluation of a bone marrow specimen procured 
to evaluate for possible HLH requires careful 
review, because hemophagocytic cells are often 
rare (usually only 1 in 500 cells in the bone mar-
row aspirate). Repeat bone marrow sampling may 
be indicated if HLH is strongly suspected but can-
not be diagnosed on the initial bone marrow sam-
ple or based on clinical criteria alone [35]. 
Immunostaining for CD163 can help facilitate 
the identification of the hemophagocytic histio-
cytes in the bone marrow biopsy specimen [37]. 
Of note, the amount of hemophagocytosis identi-
fied in the bone marrow does not appear to corre-
late with disease probability, whereas highly 
elevated ferritin, fever, and cytopenias show better 
correlation with a diagnosis of HLH [38].

Aside from the presence of hemophagocytic 
histiocytes, the bone marrow appearance of HLH 

is variable. The marrow can range from hypocel-
lular to hypercellular and the myeloid-to- erythroid 
ratio is variable. Because HLH commonly occurs 
secondary to infection or a neoplastic process, the 
bone marrow may be concurrently involved by the 
inciting process, such as an EBV+ lymphoma. The 
identification of unexplained hemophagocytosis in 
a bone marrow sample in which some clinical fea-
tures of HLH are present should precipitate a 
search for possible infectious, neoplastic, or 
inflammatory causes. Familial HLH should also 
be considered, with genetic testing for mutations 
in HLH- associated genes indicated if suspected.

 Macrocytic Anemia

Megaloblastic Anemia
Megaloblastic anemias manifest as macrocyto-
sis and are caused by impaired DNA synthesis 

a b

c d

Fig. 2.6 Hemophagocytic syndrome. In the bone marrow 
aspirate smear, large histiocytes are present containing 
intact intracellular RBCs, platelets, granulocytic ele-
ments, and lymphocytes (a, b). Hemophagocytic histio-

cytes can also be appreciated in the bone marrow biopsy, 
in which numerous intact erythrocytes are present within 
the cytoplasm of histiocytes (c, d)
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due to a variety of etiologies. They are charac-
terized by the presence of megaloblastic 
changes in erythroids, granulocytes, and mega-
karyocytes. Megaloblastic hematopoietic cells 
are much larger than their normal counterparts, 
and have a relative abundance of cytoplasm and 
RNA compared with their nuclear DNA con-
tent, thus showing asynchronous nuclear-cyto-
plasmic maturation. The most common causes 
of megaloblastic anemia are folate and cobala-
min (vitamin B12) deficiency. A number of 
medications are known to interfere with DNA 
synthesis and cause megaloblastic anemia. 
These include antifolate drugs, purine and 
pyrimidine analogues, ribonucleotide reductase 
inhibitors (hydroxyurea, cytarabine), anticon-
vulsants, and other medications (including 
omeprazole/lansoprazole, metformin, colchi-
cine, neomycin, and arsenic) [39]. Patients 
present with symptoms of chronic anemia. 
Jaundice may be present in a subset of patients 
and the anemia may be associated with mild 
leukopenia and/or thrombocytopenia. Patients 
with folic acid deficiency have low levels of 
serum folate and lack of neurologic signs, while 
patients with cobalamin deficiency often show 
characteristic neurologic abnormalities.

The peripheral smear shows macrocytic 
RBCs and often hypersegmented neutrophils 
(Fig. 2.7a). Bone marrow examination is gener-
ally not indicated, but may be performed if the 
anemia is accompanied by other cytopenias. The 
bone marrow is usually markedly hypercellular 
with prominent erythroid hyperplasia including 
numerous early erythroid forms that appear 
megaloblastic, showing premature hemoglo-
binization of cytoplasm (Fig. 2.7b, d). The dif-
ferential diagnosis of megaloblastic anemia 
includes MDS, as megaloblastic anemias may 
have marked dyserythropoiesis. However, the 
knowledge of serum vitamin B12 and red cell 
folate levels, the absence of dysplasia in the 
other hematopoietic lineages, and the absence of 
a cytogenetic or molecular marker of clonal 
hematopoiesis aid in making this distinction. 
Giant band forms and metamyelocytes in the 
bone marrow can be a clue to the diagnosis, as 
they are rarely seen in MDS (Fig. 2.7b). 
However,  hypersegmented neutrophils are also 

seen in MDS as a manifestation of granulocytic 
dysplasia.

  Neutropenia

Neutropenia is the most common form of leukope-
nia and is defined as an absolute neutrophil count 
of less than two standard deviations below the 
population’s normal mean, typically <1.5– 
1.8  × 109/L in Caucasian adults and children, 
depending on the individual laboratory’s reference 
range patient population. The number of neutro-
phils in blood varies depending on age, race and 
ethnicity, physical activity, and other environmen-
tal factors. Hispanic individuals have slightly 
higher baseline neutrophil counts, while people of 
African and Middle Eastern descent have slightly 
lower baseline neutrophil counts. Neutropenia is 
associated with increased predisposition to infec-
tions, directly proportional to the degree of neutro-
penia. Neutropenia may be encountered in 
isolation or accompanied by other cytopenias and 
it is further subcategorized based on its etiology, as 
(1) conditions that lead to decreased granulopoie-
sis; (2) ineffective granulopoiesis; (3) increased 
utilization or increased destruction of neutrophils; 
(4) increased margination of neutrophils; or (5) a 
combination of these scenarios.

Typically, patients with acute-onset severe 
neutropenia present with fever, pharyngitis, and 
other forms of mucocutaneous infection. 
Assessment should include detailed clinical 
 history, including medication intake, careful 
physical examination, and CBC with differential. 
Bone marrow examination may be considered if 
the etiology of neutropenia remains unknown. 
Chronic neutropenia is often discovered inciden-
tally. Particular attention should be given to the 
presence of other cytopenias or cytoses in these 
patients, which could suggest a myeloid neo-
plasm. Evaluation of serum immunoglobulin lev-
els is recommended for patients with chronic 
neutropenia to evaluate for congenital immuno-
logical disorders and immunodeficiency syn-
dromes. Morphologic assessment of blood and 
bone marrow can aid in identifying a specific 
cause of neutropenia such as MDS or AML, dis-
cussed later in this chapter.
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Neutropenia includes congenital and acquired 
forms. Congenital neutropenias comprise a hetero-
geneous group of genetically inherited disorders 
that are associated with increased cell turnover of 
granulocytes and ineffective granulopoiesis. 
Acquired neutropenias are more common. The 
most frequent causes in developed countries are 
iatrogenic due to exposure to cytotoxic and/or 
immunosuppressive therapeutic agents used for 
the treatment of malignancy or autoimmune dis-
eases. Many of these agents result in impaired pro-
duction of neutrophils and their precursors and are 
associated with a striking maturation arrest of 
granulocytes in the bone marrow and profound 
agranulocytosis in the blood (Fig. 2.8a, b). A sum-

marized list of medications commonly associated 
with neutropenia is provided in Table 2.7. Several 
acute and chronic infections are associated with 
acquired neutropenia. The mechanisms of 
infection- related neutropenia are broad. Some 
viral agents (EBV, HBV, HCV, and HIV) cause 
neutropenia by directly infecting hematopoietic 
precursor cells. The mechanisms for other infec-
tions are varied, and include splenic sequestration, 
direct infection of the bone marrow, and endothe-
lial cell infection causing altered endothelial-neu-
trophil interactions [40].

Neutropenia is often related to chronic autoim-
mune diseases. Thus, clinical history intake, phys-
ical examination, and laboratory workup including 

a b

c d

Fig. 2.7 Megaloblastic anemia due to vitamin B12 defi-
ciency. (a) The peripheral smear shows macrocytosis with 
marked anisopoikilocytosis. The neutrophil shows nuclear 
hypersegmentation (seven distinct nuclear lobes). (b) The 
bone marrow aspirate smear shows striking erythroid 
hyperplasia and left shift. Some maturing erythroid ele-
ments show advanced cytoplasmic hemoglobinization, 
despite retained nuclear immaturity (lower right). A giant 
band form is present (lower left). (c) The bone marrow 

biopsy specimen is markedly hypercellular with left-
shifted erythroid maturation; prominent clusters of early 
erythroids may raise the differential diagnosis of pure ery-
throid leukemia. (d) Giemsa stain of the bone marrow 
biopsy shows numerous early erythroids with basophilic 
cytoplasm. Dyserythropoiesis, indicated by nuclear bud-
ding and irregularities of late erythroid forms, is common 
in megaloblastic anemia
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assessment of antinuclear antibodies (ANA) and 
rheumatoid factor titers and other serologic tests 
for autoimmune diseases may be useful. 
Examination of the peripheral blood smear may 
be helpful in identifying large granular lympho-
cytes, which are often increased in autoimmune 
diseases associated with neutropenia.

Congenital Neutropenias
The main forms of inherited neutropenia, includ-
ing severe congenital neutropenia, Kostmann syn-
drome and Shwachman- Diamond syndrome, are 
discussed separately in Chap. 3. Chédiak-Higashi 
syndrome is characterized by partial oculocutane-
ous albinism and characteristic giant intracyto-

plasmic granules in neutrophils, monocytes, and 
lymphocytes. Mild neutropenia and recurrent 
infections are constant features. The condition is 
inherited in an autosomal recessive fashion and 
due to recurrent mutations in LYST leading to dys-
regulated lysosomal trafficking [41]. Griscelli 
syndrome is inherited in autosomal recessive 
fashion and is characterized by pigmentary dilu-
tion and varying degrees of cellular immunodefi-
ciency. The syndrome is subdivided into three 
different types; neutropenia is associated with 
type 2 only. The neutropenia is mild, but it is often 
associated with pancytopenia. The syndrome is 
linked to RAB27A mutations leading to defects in 
guanosine triphosphatase (GTPase) and defective 
phagocytosis [42]. WHIM (warts, hypogamma-

a b

c d

Fig. 2.8 Acquired neutropenia. (a, b) Secondary neutro-
penia due to antibiotic therapy. The bone marrow aspirate 
(a) shows granulocytic hypoplasia, with a predominance 
of erythroid elements. The bone marrow biopsy (b) 
shows predominantly maturing erythroid elements, with 
scattered left-shifted myeloid forms and a marked pau-

city of mature neutrophils. (c, d) Chronic idiopathic neu-
tropenia. The marrow aspirate (c) shows granulocytic left 
shift with maturation arrest at the myelocyte stage. The 
marrow biopsy shows myeloid hyperplasia with marked 
left shift. Erythroid elements and megakaryocytes appear 
unremarkable
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globulinemia, infections, and myelokathexis) 
syndrome is a rare autosomal dominant disorder 
characterized by severe neutropenia and lympho-
penia. Myelokathexis is believed to be due to 
retention of neutrophils in the bone marrow, lead-
ing to neutrophil hypersegmentation and eventual 
intramedullary destruction. WHIM syndrome is 
due to germline mutations in CXCR4, the gene 
encoding CXCL12, leading to dysregulation of 
the trafficking of hematopoietic cells in the blood 
and tissues. The bone marrow is usually hypercel-
lular and shows marked myeloid hyperplasia, 
with mature neutrophils showing nuclear hyper-
segmentation, condensed pyknotic nuclei, and 
cytoplasmic vacuoles. The neutropenia is respon-
sive to G-CSF, but these patients are at increased 
risk of developing myeloid neoplasms [43]. Many 
other forms of inherited neutropenia have also 
been reported in which the underlying genetic 
defect is yet to be determined. Neutropenia may 
also be a feature of a variety of congenital syn-
dromes, discussed separately in Chap. 3.

Cyclic neutropenia is characterized by cyclic 
episodes of severe neutropenia that typically 

occur every 21 days and last 3–6 days. It is inher-
ited in an autosomal dominant fashion, although 
sporadic cases may also occur [44]. This condi-
tion is due to recurrent mutations in ELANE, the 
gene encoding for neutrophil elastase [45]. 
Patients may present with fever, malaise, failure 
to thrive, oral ulcers, and cervical lymphadenopa-
thy. The diagnosis of cyclic neutropenia must be 
established by demonstrating neutropenia on 
serial differential white blood cell counts, at least 
two or three times per week for a minimum of 6 
weeks. Genetic confirmation is rarely needed. 
The prognosis is favorable and the severity of 
symptoms seems to diminish following puberty. 
Unlike patients with severe congenital neutrope-
nias, children with cyclic neutropenia are not pre-
disposed to developing myeloid malignancies.

 Acquired Neutropenias

Chronic Idiopathic Neutropenia
Chronic idiopathic neutropenia (CIN) is an iso-
lated form of neutropenia with a marked female 
predominance that typically presents between the 
ages of 18 and 35 years. Antineutrophil antibod-
ies and autoantibodies, including antinuclear or 
antimitochondrial antibodies, are absent. The 
pathogenesis is attributed to increased apoptosis 
of neutrophils and neutrophilic precursors 
through mechanisms induced by Fas-ligand or 
interferon gamma [46]. The frequency and degree 
of symptoms and infections are directly propor-
tional to the degree of neutropenia. The bone 
marrow may show mild granulocytic hypoplasia 
with left-shifted maturation and without signifi-
cant dysplasia (Fig. 2.8c, d). Lack of significant 
morphologic dysplasia in granulocytes on the 
blood smear and bone marrow, normal bone mar-
row karyotype, and lack of MDS-type mutations 
aid in differentiating CIN from MDS, which 
would be very rare in the age group in which CIN 
typically presents.

Pure White Cell Aplasia
This is a rare acquired form of severe isolated neu-
tropenia with nearly absent granulocytic precur-
sors in the bone marrow which can be caused as a 
result of exposure to certain drugs (including 

Table 2.7 Medications associated with acquired 
neutropenia

Thiopurines (6-mercaptopurine and 6-thioguanine)

Fludarabine phosphate

Thalidomide

Pomalidomide

Tyrosine kinase inhibitors [210, 211]

Ruxolitinib [212]

Ibrutinib [213, 214]

Rituximab [215]

Ofatumumab [216]

Obinutuzumab [217]

Alemtuzumab [218]

Brentuximab Vedotin [219]

Cytotoxic chemotherapy

Antibiotics

Anticonvulsants

Anti-inflammatory agents

Diuretics

Cardiovascular drugs

Sedatives

Antidepressants

Antithyroid agents
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ibuprofen and chlorpropamide), infections, and 
inflammatory conditions (Fig. 2.9). The  differential 
diagnosis includes aplastic anemia and erythroid- 
predominant MDS. Hairy cell leukemia and large 
granular lymphocytosis may occasionally be asso-
ciated with pure white cell aplasia [40].

Nutritional Deficiencies
Neutropenia is often present in megaloblastic ane-
mias due to vitamin B12 or folate deficiency and 
in such cases it is accompanied by macrocytosis. 
Copper deficiency in undernourished children and 
patients on total parenteral nutrition can cause 
neutropenia. The differential diagnosis for both 
conditions includes MDS, as varying degrees of 
dyserythropoiesis can be seen in both megaloblas-
tic anemia and copper deficiency and the latter 
can also show multilineage dysplasia [47].

Immune-Mediated Neutropenia
Autoimmune neutropenia may be encountered in 
both children and adults. It is mediated by antineu-
trophil antibodies that cause decreased neutrophil 
survival. The diagnosis can be established by dem-
onstrating the presence of one or more antineutro-
phil antibodies in the serum. The HGB, platelet, 
lymphocyte and monocyte counts are nearly 
always normal. The neutropenia is responsive to 

G-CSF and the overall prognosis and likelihood of 
spontaneous recovery are better in children than 
adults [48, 49]. Systemic autoimmune diseases 
may be associated with immune-mediated neutro-
penias, including systemic lupus erythematosus, 
rheumatoid arthritis (particularly when compli-
cated by Felty syndrome, which is the presence of 
neutropenia and splenomegaly in the setting of 
rheumatoid arthritis), and Sjögren syndrome [50]. 
The neutropenia associated with autoimmune dis-
eases is typically responsive to G-CSF.

Bone marrow granulocytic precursors and 
mature neutrophils in the blood have unremark-
able morphology, but there is often marked left-
shifted maturation in the bone marrow (Fig. 2.10). 
The main differential diagnosis is chronic idio-
pathic neutropenia. As well as Felty syndrome, 
conditions associated with neutropenia and sple-
nomegaly include sarcoidosis, lymphoma, tuber-
culosis, malaria, visceral leishmaniasis, and 
Gaucher disease. The neutropenia is often accom-
panied by thrombocytopenia and anemia in these 
other diseases.

Alloimmune neonatal neutropenia is a rare con-
dition affecting approximately 1 in 2000 live births 
and is due to maternal-fetal neutrophil antigen 
incompatibility. Maternal antibodies are trans-
ferred into the fetus’s bloodstream via the placenta 

a b

Fig. 2.9 Pure white cell aplasia. (a) Bone marrow aspi-
rate smear shows exclusively erythroid elements, with a 
complete absence of granulocytes. (b) The bone marrow 
biopsy similarly shows intact maturing erythropoiesis and 

megakaryocytes, but absence of neutrophils. This 80-year- 
old man presented with profound neutropenia following a 
viral illness; neutrophils spontaneously recovered after 2 
weeks
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and attack paternally inherited antigens expressed 
on the surface of the fetus’s neutrophils. The most 
commonly involved alleles are those of human 
neutrophil antigen (HNA) and Fcgamma receptor 
IIIb. The degree of neutropenia is variable, but 
may be marked and can be associated with severe 
infections. The lymphocyte and monocyte counts 
are usually normal. The neutropenia may last up to 
6 months, despite the fact that the causative mater-
nal antibodies are usually cleared within the first 6 
weeks of life. The main differential diagnosis is 
neonatal sepsis [51].

 Lymphopenia

Lymphopenia is defined as an absolute lympho-
cyte count (ALC) of less than 1.5 × 109/L in 
adults or less than 2 × 109/L in children. 
Lymphopenias can be further subdivided into 
B-cell lymphopenia, T-cell lymphopenia, NK-cell 
lymphopenia, or various combinations thereof. 
Detailed clinical history and physical examina-
tion to assess for the presence of hepato-
splenomegaly, lymphadenopathy, and chronic 
mucocutaneous infections are essential. The eti-
ologies of lymphopenia are broad and can be 
generally divided into inherited and acquired 

causes. Inherited causes include severe combined 
immunodeficiencies, common variable immuno-
deficiency (CVID), ataxia telangiectasia, Wiscott-
Aldrich sydnrome, and other known or unknown 
genetic defects. Acquired lymphopenia is most 
commonly due to infections, iatrogenic causes 
(chemotherapy, radiation therapy, or immuno-
suppression, including steroids), autoimmune 
disease, or aplastic anemia [52]. 

 Monocytopenia

Monocytopenia is defined as an absolute 
monocyte count of less than 0.2 × 109/L. 
Monocytopenia in the context of aplastic ane-
mia can be profound and is usually associated 
with other cytopenias, particularly neutropenia 
[53]. Although patients with hairy cell leukemia 
(HCL) often present with pancytopenia, the 
presence of monocytopenia is nearly ubiquitous 
and is considered an important clue in the diag-
nosis of HCL. The features and diagnosis of 
HCL are discussed in Chap. 12. Chronic gluco-
corticoid exposure can lead to monocytopenia 
through induction of apoptosis of hematopoietic 
cells including monocytes and macrophages 
[54, 55].

a b

Fig. 2.10 Autoimmune neutropenia. (a) The bone mar-
row biopsy shows preserved granulopoiesis, but with 
marked left shift and increased myelocytes. The bone 

marrow biopsy shows normal megakaryocytes and ery-
throid elements as well as frequent eosinophils. 
Granulocytes are left shifted
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Profound monocytopenia can be observed 
in patients with germline mutations of GATA2 
that cause a spectrum of bone marrow failure 
disorders including MonoMAC syndrome 
(monocytopenia with mycobacterial infec-
tions); dendritic cell, monocyte, and B and NK 
lymphoid deficiency (DCML deficiency); pri-
mary lymphedema and MDS (Emberger syn-
drome); and familial MDS/acute myeloid 
leukemia (MDS/AML) [56]. These entities are 
discussed in Chap. 3.

 Thrombocytopenia

Thrombocytopenia is one of the most common 
causes for hematologic consultation. It is 
defined by a platelet count of less than 
150 × 109/L and may be caused by increased 
destruction, increased utilization, abnormal 
distribution, or reduced production of platelets. 
The major consequence of thrombocytopenia 
is increased risk of bleeding. Bone marrow 
examination may be indicated for assessment 
of megakaryocyte number and morphology in 
patients with unexplained thrombocytopenia. 
Table 2.8 provides a summary of conditions 
associated with thrombocytopenia according to 
their main mechanism of action.

 Spurious Thrombocytopenia
Spurious thrombocytopenia (pseudothrombocy-
topenia) comprises up to 30% of cases of iso-
lated thrombocytopenia. The most common 
causes are ex vivo agglutination of platelets, 
incorrect platelet counting due to an increased 
number of giant platelets, and incorrect prepara-
tion of blood samples. Ex vivo antibody- induced 
platelet agglutination can be induced by anti-
platelet antibodies or by activation of the plate-
lets during blood collection. It is most notable in 
the presence of EDTA anticoagulant and can be 
prevented by using non-EDTA anticoagulants 
during blood collection. Another mechanism is 
platelet satellitism, in which naturally occurring 
antibodies directed against glycoprotein IIb/IIIa 
react with the leukocyte Fcγ receptor III and 
attach the platelets to neutrophils (or rarely 

monocytes), forming a rosette around the 
periphery of the white cell. Antiplatelet antibod-
ies  that cross-react with antiphospholipid and 
anticardiolipin antibodies have also been impli-
cated in spurious thrombocytopenia: these anti-
bodies have the ability to bind to negatively 
charged phospholipids or antigens modified by 
EDTA on the surface of platelet during blood 
collection. Glycoprotein IIb/IIIa agonists used 
in the treatment of acute coronary syndrome 
have also been implicated [57].

 Inherited Platelet Disorders
Inherited platelet disorders are a heterogeneous 
group of diseases caused by a variety of genetic 
defects affecting platelet production, function, 

Table 2.8 Conditions associated with 
thrombocytopenia

Impaired platelet production

Inherited platelet disorders

Nutritional deficiencies

Alcohol-induced thrombocytopenia

Hemophagocytosis

Immune thrombocytopenia (ITP)

Drug-induced thrombocytopenia

Pregnancy-related thrombocytopenia

Paroxysmal nocturnal hemoglobinuria

Aplastic anemia

Myeloid neoplasms

Myelophthisic processes (metastatic tumor, etc.)

Abnormal platelet distribution
Hypersplenism

Hypothermia

Massive blood transfusions

Volume overload

Increased platelet destruction

Immune thrombocytopenia (autoimmune, 
alloimmune)

Thrombotic microangiopathies

Disseminated intravascular coagulopathy

Kasabach-Merritt syndrome

Drug-induced immune thrombocytopenia

Pregnancy-related thrombocytopenia

Artificial surfaces (hemodialysis, etc.)

Type 2B von Willebrand disease

Cyclic thrombocytopenia

Pure megakaryocytic aplasia
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or both. A subset of these disorders is associ-
ated with predisposition to developing myeloid 
malignancy. These conditions may present as 
isolated thrombocytopenia or as part of a syn-
drome. The individual disorders are discussed 
separately in Chap. 3. Patients typically present 
with  mucocutaneous bleeding or menorrhagia. 
Careful clinical history intake, including family 
history of bleeding tendency, and detailed 
physical examination to assess for any associ-
ated physical anomalies are essential in estab-
lishing a suspicion of an inherited platelet 
disorder and distinguishing these from acquired 
causes of thrombocytopenia. Laboratory stud-
ies  demonstrate impaired platelet function with 
light transmission aggregometry in a subset of 
these disorders, but platelet function studies 
may be unremarkable in others. Flow cytomet-
ric evaluation can be used to evaluate platelet 
surface glycoprotein expression. Numerous 
associated gene mutations have been identified, 
some of which are associated with characteris-
tic peripheral blood and/or bone marrow mor-
phology; these are discussed in Chap. 3.

 Immune-Mediated Thrombocytopenia
Immune-mediated thrombocytopenia is divided 
into primary and secondary forms. The primary 
form, idiopathic thrombocytopenic purpura 
(ITP), is the most common cause of isolated 
thrombocytopenia. It is characterized by 
immune-mediated platelet destruction and com-
promised platelet production. ITP can affect 
patients of all ages, although it is more common 
in childhood. An association with preceding 
viral infections or vaccinations has been shown 
in childhood ITP. The prognosis is good and the 
thrombocytopenia is typically self-limited in 
children, while adult ITP has a more protracted 
course and rarely resolves spontaneously. The 
antiplatelet antibodies are predominantly IgG 
antibodies that are directed against glycopro-
teins IIb/IIIa in about 80% of patients and against 
glycoproteins Ib-IX–V complex and other plate-
let glycoproteins such as GP IV and GPIa-IIa in 
smaller subsets of patients [58]. IgM and IgA 
pathogenic antiplatelet antibodies are exceed-
ingly rare.

Examination of the peripheral blood smear 
in ITP shows isolated thrombocytopenia with 
increased platelet anisocytosis, including 
abnormally large as well as small platelets. 
Cases of combined ITP and autoimmune 
hemolytic anemia (Evans syndrome) may also 
occur. Bone marrow examination in patients 
with ITP shows an increased number of mega-
karyocytes, which may include many small 
and immature forms potentially mimicking the 
megakaryocytes seen in MDS; however, 
micromegakaryocytes that characterize MDS 
cases with dysmegakaryopoiesis are rare in 
ITP (Fig. 2.11) [59]. Patients with ITP treated 
with thrombopoietin analogues (such as 
romiplostim or eltrombopag) may show 
increased reticulin fibrosis, with or without 
associated leukoerythroblastosis. Examination 
of the bone marrow in such cases can show 
increased fibrosis above baseline, which 
appears to resolve upon discontinuation of the 
drug [60, 61]. Alterations in megakaryocyte 
morphology resembling those seen in myelo-
proliferative neoplasms may be observed in 
such cases (Fig. 2.12).

Secondary immune-mediated thrombocyto-
penia is due to a variety of causes, including 
drugs, systemic diseases, and chronic infec-
tions. Among these, drug-induced thrombocy-
topenia is the leading cause of secondary 
immune-mediated thrombocytopenia [57]. The 
mechanism of thrombocytopenia depends on 
the implicated drug, but suppression of throm-
bopoiesis in the marrow and immune-mediated 
destruction of platelets are the most common. 
Thrombocytopenia may range from mild to 
severe. Heparin-induced thrombocytopenia 
(HIT) is one of the most severe forms of drug- 
induced thrombocytopenia. It is an immune- 
mediated condition caused by antibodies 
against the neoepitope in platelet factor 4 (PF4) 
that is exposed when PF4 binds heparin. This 
results in activation of cellular FcgRIIA on 
platelets and monocytes which leads to activa-
tion of the coagulation cascade and potentially 
life-threatening venous and arterial thrombosis. 
The diagnosis is established by demonstrating 
thrombocytopenia and/or thrombotic events in 
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temporal association with heparin exposure in 
the absence of other causes for thrombocytope-
nia. Thrombocytopenia may be absolute or may 
manifest as a relative reduction in an individu-
al’s platelet count. The diagnosis is established 
by demonstrating the presence of anti-PF4/
heparin antibodies [62].

Pure megakaryocyte aplasia is a rare cause of  
isolated severe thrombocytopenia. In a subset of 
patients it may progress to aplastic anemia or 
MDS. The exact pathogenesis is not fully under-
stood, but it is thought to be due to immune-medi-
ated suppression of megakaryopoiesis. Pure 
megakaryocyte aplasia may be associated with 
systemic autoimmune diseases or infections (espe-
cially hepatitis C) or it may be idiopathic. Anti-

thrombopoietin (TPO) and anti- TPO receptor 
antibodies have both been implicated. Morphologic 
examination of the bone marrow shows markedly 
reduced to absent megakaryocytes and may show 
mild dyserythropoiesis. Patients may respond to 
immunosuppressive therapy [63].

 Myelodysplastic Syndromes

The myelodysplastic syndromes (MDS) are clonal 
hematopoietic neoplasms characterized by pro-
gressive peripheral cytopenias and dysplastic mor-
phology of hematopoietic cells. MDS encompasses 
a broad range of disease subtypes: some are char-
acterized by genetic instability and rapidly wors-

a b

c d

Fig. 2.11 Idiopathic (immune) thrombocytopenia. (a) The 
peripheral blood smear shows normally granulated neutro-
phils and unremarkable erythrocytes, with marked throm-
bocytopenia. (b) The bone marrow aspirate smear shows 
normal trilineage hematopoiesis, including several mega-
karyocytes identified in this low-power field. (c, d) The 

bone marrow biopsy is hypercellular, with increased 
megakaryocytes. Some megakaryocytes show simplified 
nuclear contours and are small in size, consistent with early 
or regenerating megakaryocytes. Micromegakaryocytes 
typical of MDS are absent
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ening clinical disease over time, often culminating 
in acute myeloid leukemia (AML), while others 
manifest as relatively stable disease. The three 
main challenges in approaching MDS from a diag-
nostic standpoint are (1) establishing a definitive 
diagnosis of MDS versus another neoplastic or 
nonneoplastic cause of cytopenia; (2) correctly 
assigning an established MDS case to a disease 
subtype according to the 2016 WHO Classification; 
and (3) obtaining sufficient morphologic, clinical, 
and genetic information to provide additional 
prognostic guidance, mainly through the Revised 
International Prognostic Scoring System (IPSS-R) 
[64]. Testing for  mutations that have known prog-
nostic impact on MDS is an evolving area that 
continues to accumulate data.

To evaluate a potential case of MDS, the mini-
mal requisite studies are a CBC with WBC differ-
ential; examination of the peripheral smear, a 
Wright-Giemsa-stained bone marrow aspirate 
smear, a bone marrow biopsy section, and an iron 
stain on a bone marrow aspirate smear to evaluate 
for ring sideroblasts; and a full bone marrow 
karyotype. Flow cytometry is not essential in all 
cases, but is helpful in characterizing the blast phe-
notype if increased and also can provide informa-
tion to support an MDS diagnosis (see 
“Immunophenotype” section below). Importantly, 
abnormalities disclosed by the above tests are not 
always specific for MDS. In fact, no specific fea-
ture can be used in isolation to unequivocally diag-
nose MDS. Rather, clinicopathologic correlation 

a b

c d

Fig. 2.12 Bone marrow fibrosis and atypical megakaryo-
cyte proliferation associated with thrombopoietin ana-
logue therapy for idiopathic thrombocytopenia. (a) The 
peripheral blood smear shows thrombocytopenia, with 
nucleated red blood cells and several dacryocytes. (b, c) 
The bone marrow biopsy is markedly hypercellular, with 

a proliferation of clustered megakaryocytes showing com-
plex, hyperchromatic nuclei reminiscent of myeloprolif-
erative neoplasms. (d) There is mild reticulin fibrosis 
(grade 1 of 3). These changes resolved following cessa-
tion of therapy
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and integration of information from the multiple 
diagnostic modalities are essential for an accurate 
and reliable diagnosis. If the diagnosis is ambigu-
ous and cytopenias persist, a repeat marrow sam-
ple may be taken after 6 months, which may allow 
confirmation of the diagnosis [65].

 Clinical Features
MDS is primarily a disease of older adults: its inci-
dence increases exponentially with age, with a 
median age estimated at approximately 76 years 
[66–72]. MDS is rare in children and young adults, 
with an annual incidence of <0.2/100,000 com-
pared to 25/100,000 for individuals over 70 years 
of age [68–70, 73–75]. The overall incidence of 
MDS may be underestimated due to various fac-
tors that influence its reporting in national data-
bases. MDS is generally more common in males, 
with a male-to-female ratio approaching 2:1.

MDS typically presents with symptoms and 
signs related to single or multiple peripheral 
blood cytopenias, most frequently those reflect-
ing anemia (weakness, pallor, fatigue) or throm-
bocytopenia (petechiae, bleeding), but patients 
can also present with recurrent infections due to 
neutropenia. Occasional patients are recognized 
when asymptomatic cytopenias are noted during 
a routine CBC or when telltale abnormalities are 
noted in a peripheral blood or bone marrow sam-
ple obtained for other reasons. Although between 
10 and 40% of MDS cases ultimately progress to 
AML and most of those patients die of complica-
tions of leukemia, overall the greatest morbidity 
and mortality in MDS are due to complications 
of cytopenias.

By definition, all MDS patients have some 
cytopenia at diagnosis that is sustained and pro-
gressive without therapeutic intervention. The 
2016 WHO MDS guidelines suggest thresholds 
of cytopenias at a HGB level <10 g/dL, absolute 
neutrophil count <1.8 × 109/L, and platelet count 
<100 × 109/L, but it is recognized that a diagnosis 
of MDS may be made in patients with a milder 
cytopenia (below the reference range for the indi-
vidual laboratory), provided that the cytopenia is 
persistent and unexplained and if other diagnos-
tic criteria are present. Patients typically present 
with anemia that is often macrocytic, less com-

monly normocytic, and only rarely microcytic 
[76]. There is frequently an increased RDW. The 
anemia is often accompanied by neutropenia 
and/or thrombocytopenia [77] and patients may 
infrequently present with isolated neutropenia or 
thrombocytopenia, without anemia [78]. 
Although reticulocyte production is typically low 
in MDS, the reticulocyte count may be spuri-
ously elevated in some patients owing to baso-
philic stippling in circulating RBCs, potentially 
suggesting an erroneous diagnosis of hemolytic 
anemia [79]. A small subset of MDS patients 
experience a component of hemolysis that con-
tributes to the anemia.

Careful physical exam is important in the ini-
tial evaluation of a patient presenting with possi-
ble MDS. Splenomegaly is uncommon and its 
presence may suggest an alternative cause for the 
cytopenias. Some patients experience cutaneous 
manifestations, particularly Sweet’s syndrome 
(neutrophilic dermatosis) [80]. Myeloid sarco-
mas, which are extramedullary infiltrates of 
myeloblasts, can cause masses in lymph nodes, 
skin, or other extranodal sites in MDS patients. If 
a mass-forming collection of myeloblasts is con-
firmed histologically, this is considered to repre-
sent transformation to AML, even if the bone 
marrow myeloblast count remains below 20%.

Obtaining a detailed clinical and family his-
tory is also critical in approaching a new diagno-
sis of MDS. A variety of inherited conditions 
predispose to the development of MDS, includ-
ing Down syndrome, Fanconi anemia, severe 
congenital neutropenia (Kostmann syndrome), 
Shwachman-Diamond syndrome, dyskeratosis 
congenita, amegakaryocytic thrombocytopenia, 
and Bloom syndrome [81]. These disorders are 
discussed in detail in Chap. 3. Cytotoxic agents 
that may damage the bone marrow, including 
ionizing radiation, alkylating agents, and other 
chemotherapeutic agents, as well as benzene, 
petrochemicals, agricultural chemicals, and 
smoking, have been linked to an increased inci-
dence of MDS and AML. MDS cases developing 
after exposure to cytotoxic chemotherapy and/or 
radiotherapy have unique genetic features and 
aggressive clinical behavior and are classified in 
separate group of therapy-related myeloid neo-
plasms in the 2016 WHO Classification. Thus, 
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eliciting a history of such agents is critical when 
approaching any new MDS diagnosis.

 Morphology
Despite peripheral cytopenias, the marrow is typi-
cally hypercellular for age [82–84]. Less com-
monly, it is normocellular and in about 10–15% of 
cases it is hypocellular. Hypocellularity is more 
frequent in pediatric MDS, following prior aplastic 
anemia, and in therapy-related MDS [85–87]. The 
marrow biopsy often exhibits disorganized hema-
topoiesis, whereby erythroid and myeloid elements 
are intimately admixed rather than forming discrete 
clusters in the marrow space. Although not pathog-
nomonic for MDS, dysplastic morphology is a 
critical feature in establishing the diagnosis. 
Dysplastic findings in MDS are listed in Table 2.9 
and are illustrated in Figs. 2.13–2.16. Some fea-
tures are best seen in the peripheral smear, such as 
pseudo- Pelger- Huët anomaly and hypogranular 
cytoplasm in neutrophils, while others are more 
apparent in the bone marrow. Bone marrow blasts 
are increased in some MDS cases and may circu-
late in the peripheral blood, but are always <20% of 
the bone marrow and peripheral blood  nucleated 
cells. Auer rods are uncommonly seen in MDS 
and, if present, indicate high-grade disease (MDS 
with excess blasts) [88]. Although experienced 
observers can generally agree on the presence of 
significant dysplasia [89], there is some subjectiv-
ity to interpreting and quantifying the degree of 
dysplasia [90]. The 2016 WHO Classification rec-
ommends that at least 10% of cells in a lineage 
demonstrate dysplastic features to be considered 
significant [91]. However, dysplastic features 
involving >10% of a hematopoietic lineage may be 
encountered in normal individuals and are even 
more frequently seen in patients with reactive cyto-
penias, such as those discussed earlier in this chap-
ter [89, 92–94]. Thus, even if significant 
morphologic dysplastic changes are identified in a 
cytopenic patient, possible underlying secondary 
causes of cytopenia and hematopoietic dysplasia 
must be carefully excluded prior to rendering a 
diagnosis of MDS. These are discussed in the 
Differential Diagnosis section below.

It is critical to perform an accurate blast 
count on both the peripheral smear and the bone 

marrow in every MDS case. Optimally, at least 
200 cells in the blood smear and at least 500 
cells in the aspirate smear should be counted to 
ensure a precise blast percentage. The blast 
threshold for separating MDS from AML is 
always 20% in the bone marrow and/or blood. A 
rule in the previous 2008 WHO Classification 
that excluded erythroid precursors from the 
blast percentage calculation when erythroid pre-
cursors exceeded 50% of marrow cells to diag-
nose acute erythroid leukemia has been 
eliminated. Thus, the bone marrow myeloblast 
percentage is now always derived from all 
nucleated cells in all MDS and AML cases, irre-
spective of the percentage of erythroid cells 
[95]. An iron stain should be performed to eval-
uate for ring sideroblasts on a bone marrow 
aspirate smear rather than the biopsy specimen, 
because decalcification leaches iron from the 
biopsy sample. In some instances, ring sidero-
blasts may be identifiable in a non-decalcified 
paraffin- embedded particle clot section stained 
for iron (Fig. 2.16d). Reticulin staining demon-
strates increased reticulin fibrosis in a subset of 
MDS cases and can be helpful in establishing 
the diagnosis, as significant reticulin fibrosis is 
uncommon in reactive conditions that cause 
cytopenia.

The 2016 WHO Classification recognizes sev-
eral entities within MDS. The defining features of 
these entities are shown in Table 2.10 and are 
summarized below. Algorithms for classifying 
MDS cases without excess blasts, including MDS 
in children, are shown in Fig. 2.17. Although there 
is no formal grouping of the MDS entities in the 
WHO Classification, for the purposes of discus-
sion below these are divided into low- grade MDS 
(with <5% bone marrow and <2% blood blasts), 
high-grade MDS, therapy-related MDS, and MDS 
in children. The special situations of hypoplastic 
MDS, MDS with erythroid predominance, and 
MDS with fibrosis are also discussed below.

Low-Grade MDS
Myelodysplastic syndrome with single-lineage 
dysplasia (MDS-SLD) encompasses those MDS 
cases lacking excess blasts or a significant num-
ber of ring sideroblasts, with morphologic dyspla-
sia only manifesting in one hematopoietic lineage. 
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Table 2.9 Dysplastic morphologic features observed in MDS

Cell lineage Peripheral blood Bone marrow

Red blood cells and erythroids   • Macrocytes
  • Basophilic stippling

  • Megaloblastoid change
  •  Nuclear budding or other irregularities
  • Multinucleation
  • Vacuolated early erythroblasts
  • Internuclear bridging
  • Pyknotic nuclei
  • Ring sideroblasts

Granulocytes   • Pseudo-Pelger-Huët anomaly
  • Non-segmented nuclei
  • Abnormal chromatin clumping
  • Hypogranulation
  • Uneven granulation
  • Nuclear hypersegmentation

  • Same abnormalities as seen in blood
  •  Abnormal localization of immature 

precursors in clusters away from 
bone trabeculae

Platelets and megakaryocytes   •  Large, vacuolated, or 
hypogranular platelets

  •  Small mononuclear forms 
(micromegakaryocytes)

  •  Large forms with multiple small, 
rounded nuclei

  • Forms with hypolobated nuclei
  •  Forms with hyperchromic nuclei 

and scant cytoplasm

a b

c d

Fig. 2.13 Morphologic dysplasia seen in the erythroid 
lineage in MDS (bone marrow aspirate smears). (a) Nuclear 
budding of late forms (arrows). (b) Binucleation.  

(c) Vacuolation of early forms and nuclear irregularities in 
late forms. (d) Marked nuclear irregularities in late forms
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a b
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e f

Fig. 2.14 Morphologic dysplasia in the granulocytic 
lineage in MDS. (a) Pseudo-Pelger-Huët neutrophil, 
with bilobed nucleus and hypogranular cytoplasm in 
the peripheral blood. (b) Dysplastic neutrophil with 
markedly hypogranular cytoplasm in peripheral 
blood. (c) Dysplastic neutrophils showing uneven cyto-
plasmic granulation and vacuolation in peripheral blood.  

(d) Dysplastic hypogranular myeloid forms in the bone mar-
row aspirate. (e) Bone marrow aspirate showing numerous 
dysplastic myeloid forms, including hypogranular myelo-
cytes with abnormally clumped nuclear chromatin (center) as 
well as three pseudo-Pelger-Huët cells (arrows). (f) Abnormal 
promyelocyte (center) showing abnormally distributed and 
abnormally shaped (elongated) primary granules
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Fig. 2.15 Morphologic dysplasia in the megakaryocytic 
lineage in MDS. (a) Small, dysplastic megakaryocytes in 
the aspirate smear. (b) An abnormal form with three sepa-
rated nuclei in the aspirate smear. (c) A large, dysplastic 
megakaryocyte with multiple separated nuclear lobes in 
the aspirate smear; in contrast to the large megakaryo-
cytes seen in essential thrombocythemia, the nuclei are 

widely separated with rounded contours. (d) Several dys-
plastic forms in the biopsy, including a micromegakaryo-
cyte (arrow). (e) A dysplastic binucleate megakaryocyte 
in the biopsy. (f) CD61 immunostain highlighting numer-
ous small, non-lobated megakaryocytes and micromega-
karyocytes in the biopsy
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Interestingly, the lineage manifesting dysplasia 
often does not coincide with the cytopenic lineage 
or lineages in the blood [96, 97]. Most cases of 
MDS-SLD present with anemia and isolated ery-
throid lineage dysplasia. Although bicytopenia is 
allowed in MDS-SLD, cases with single-lineage 
dysplasia and pancytopenia are placed in the 
MDS, unclassified (MDS- U) category, as they 
appear to have more aggressive behavior [96, 98]. 

Myelodysplastic syndrome with ring sidero-
blasts (MDS-RS) encompasses low-grade MDS 
cases in which ring sideroblasts are identified on an 
iron stain [99]. The presence of ring sideroblasts in 
all myeloid neoplasms is closely associated with 
mutation in the spliceosome gene SF3B1, which is 
in turn associated with a favorable prognosis in 
MDS (see “Cytogenetics and Molecular Genetics” 
section below) [100]. MDS-RS includes cases with 

an SF3B1 mutation and as few as 5% ring sidero-
blasts, or with at least 15% ring sideroblasts irre-
spective of the SF3B1 mutation status. The 
MDS-RS category is subdivided into cases with 
single-lineage dysplasia (MDS- RS- SLD) and mul-
tilineage dysplasia (MDS-RS- MLD). By defini-
tion, the erythroid lineage is dysplastic in all 
MDS-RS cases, since ring sideroblasts constitute a 
form of erythroid dysplasia; thus any additional 
dysplastic lineages mandate classification as MDS-
RS-MLD, which has an inferior prognosis to 
MDS-RS-SLD [101–103]. 

Myelodysplastic syndrome with multilineage 
dysplasia (MDS-MLD) is the most common MDS 
subtype and encompasses cases lacking excess 
blasts, but with multilineage (two or three affected 
lineages) dysplasia and any number of cytopenias 
[104]. The prognosis of MDS-MLD is inferior to 

a b

c d

Fig. 2.16 Ring sideroblasts. (a) Low-power view of iron 
stain on bone marrow aspirate shows multiple ring sidero-
blasts. (b, c) Ring sideroblasts are nucleated erythroid ele-
ments in which multiple (at least five) siderotic granules 

are closely opposed to the nuclear membrane and partly or 
fully encircle the nucleus (c). (d) Multiple ring sidero-
blasts seen on an iron stain of this bone marrow clot 
specimen
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Table 2.10 Diagnostic features of myelodysplastic syndrome (MDS) subtypes according to the 2016 
World Health Organization

Entity name
Peripheral blood 
findings Bone marrow findings

Cytogenetics and molecular 
genetics

MDS with 
single-lineage 
dysplasia 
(MDS-SLD)

1 or 2 cytopeniasa

<1% blasts; no Auer 
rods

<5% blasts; no Auer rods
≥10% dysplastic cells in 1 hematopoietic 
lineage
<15% ring sideroblasts

Normal or any abnormalities, 
except isolated del(5q)b

No SF3B1 mutation if 5–15% 
ring sideroblasts are present.

MDS with 
multilineage 
dysplasia 
(MDS-MLD)

1–3 cytopeniasa

<1% blasts; no Auer 
rods

<5% blasts; no Auer rods
≥10% dysplastic cells in each of 2 or 3 
hematopoietic lineages
<15% ring sideroblasts

Normal or any abnormalities, 
except isolated del(5q)b

No SF3B1 mutation if 5–15% 
ring sideroblasts are present

MDS with ring 
sideroblasts and 
single-lineage 
dysplasia 
(MDS-RS-SLD)

1 or 2 cytopeniasa

<1% blasts; no Auer 
rods

<5% blasts; no Auer rods
≥10% dysplastic cells in 1 hematopoietic 
lineage
≥5% ring sideroblasts

Normal or any abnormalities, 
except isolated del(5q)b

SF3B1 mutation required if 
5–15% ring sideroblasts are 
present

MDS with ring 
sideroblasts and 
multilineage 
dysplasia 
(MDS-RS-MLD)

1–3 cytopeniasa

<1% blasts, no Auer 
rods

<5% blasts; no Auer rods
≥10% dysplastic cells in each of 2 or 3 
hematopoietic lineages
≥5% ring sideroblasts

Normal or any abnormalities, 
except isolated del(5q)b

SF3B1 mutation required if 
5–15% ring sideroblasts are 
present

MDS with excess 
blasts-1 
(MDS-EB-1)

1–3 cytopeniasa

2–4% blasts, no Auer 
rods

5–9% blasts; no Auer rods
Any amount of dysplasia
Ring sideroblasts may or may not be present

Normal or any abnormalities, 
except PML-RARA, 
inv(16)/t(16;16), or t(8;21)

MDS with excess 
blasts-2 
(MDS-EB-2)

1–3 cytopeniasa

5–19% blasts, or the 
presence of Auer rods

10–19% blasts, or the presence of Auer rods
Any amount of dysplasia
Ring sideroblasts may or may not be present

Normal or any abnormalities, 
except PML-RARA, 
inv(16)/t(16;16), or t(8;21)

MDS with isolated 
del(5q)

1–2 cytopeniasa; 
platelet count may be 
elevated <1% blasts
No Auer rods

<5% blasts; no Auer rods
≥10% dysplastic cells in at least 1 lineage 
(almost always megakaryocytic)
Ring sideroblasts may or may not be present

Del(5q) only, or with 1 
additional clonal abnormality 
excluding del(7q), -7

Refractory 
cytopenia of 
childhood (RCC) 
(provisional)

1–3 cytopeniasa

<2% blasts
<5% blasts; no Auer rods
≥10% dysplastic cells in at least 1 lineage 
(usually 2 or 3 lineages)
No ring sideroblasts
Marrow hypocellularity in most cases

Normal or any abnormalities, 
except isolated del(5q)b

MDS, unclassifiable 
(MDS-U)

with 1% 
peripheral blood 
blasts

1–3 cytopeniasa

1% circulating blasts 
demonstrated on 2 
separate occasions; no 
Auer rods

<5% blasts; no Auer rods
≥10% dysplastic cells in at least 1 
hematopoietic lineage

Normal or any abnormalities

with single-
lineage dysplasia 
and pancytopenia

Pancytopeniaa

<1% blasts; no Auer 
rods

<5% blasts; no Auer rods
≥10% dysplastic cells in 1 hematopoietic 
lineage
Ring sideroblasts may or may not be present

Normal or any abnormalities

with defining 
cytogenetic 
abnormalities

1–3 cytopeniasa

<1% blasts; no Auer 
rods

<5% blasts; no Auer rods
No significant (<10%) dysplasia in any 
lineage
<15% ring sideroblasts

An MDS-defining clonal 
cytogenetic abnormality (see 
Table 2.13)

aCytopenia defined as HGB, absolute neutrophil count, and/or platelet count less than the normal reference range 
for each laboratory. Pancytopenia defined as HGB <10 g/dL, absolute neutrophil count <1.8 × 109/L, and platelets 
<100 × 109/L
bIsolated del(5q) is defined here as the presence of a del(5q) cytogenetic abnormality with or without one additional 
abnormality, except for -7 or del(7q)
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Unilineage dysplasia

MDS-U

1% PB blasts documented on at
least 2 occasions

Yes

Yes

No

Pancytopenia (ANC <1.8 x 109/L,
HGB <10g/dL, PLT <100 x 109L)

Del(5q) on karyotype alone or
with 1 other abnormality

except -7 or del(7q)  
MDS del(5q)

No

MDS-RS-SLD

Yes

MDS-SLD

No

No

Multilineage dysplasia

MDS-U1% PB blasts documented on at
least 2 occasions 

Yes

No

Pancytopenia
(ANC <1.8 x 109/L, HGB 

<10g/dL, PLT <100 x 109L) 

Del(5q) on karyotype alone or
with 1 other abnormality
except -7 or del(7q)   

MDS del(5q)

MDS-RS-MLD MDS-MLD 

No

No

Yes

Yes

No

Yes

Myelodysplastic syndrome
in a child 

Therapy-related MDSHistory of cytotoxic therapy

Yes

>5% BM blasts
or >2% PB blasts  

MDS with excess blasts

Hypocellular with clusters of
erythroid precursors 

Refractory cytopenia
of childhood 

Classify as for adult
myelodysplastic syndrome 

No

No

Yes

Yes

No

>5% RS and SF3B1 mutation
or >15% RS  

>5% RS and SF3B1 mutation
or >15% RS  

a

b

c

Fig. 2.17 A suggested algorithm 
for the differential diagnosis of 
MDS cases with unilineage 
dysplasia (non-therapy-related, 
without excess blasts)  
(a), multilineage dysplasia 
(non-therapy-related, without 
excess blasts) (b), and those 
occurring in children (c).  
MDS-U myelodysplastic 
syndrome, unclassifiable, MDS 
del(5q) myelodysplastic 
syndrome with isolated del(5q), 
MDS-RS-SLD myelodysplastic 
syndrome with ring sideroblasts 
and single lineage dysplasia, 
MDS-SLD myelodysplastic 
syndrome with single lineage 
dysplasia, PB peripheral blood, 
ANC absolute neutrophil count, 
HGB hemoglobin, PLT platelet 
count, RS ring sideroblasts, 
MDS-MLD myelodysplastic 
syndrome with multilineage 
dysplasia, MDS-RS-MLD 
myelodysplastic syndrome with 
ring sideroblasts and multilineage 
dysplasia, MDS-EB 
myelodysplastic syndrome with 
excess blasts
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Fig. 2.18 MDS with isolated del(5q). (a) The bone marrow 
aspirate smear shows erythroid hypoplasia with multiple 
abnormal megakaryocytes with non-lobated, rounded nuclei. 
(b) Three dysplastic megakaryocytes seen in the aspirate 

smear. (c) The bone marrow biopsy specimen also shows 
relative erythroid hypoplasia and increased megakaryocytes 
which have round nuclei. (d) The bone marrow karyotype 
shows del(5q) as the only cytogenetic abnormality

that of MDS-SLD and MDS-RS-SLD [101, 102, 
105–107]. Thus, careful attention should be paid 
in evaluating dysplasia in each lineage in order to 
distinguish between single and multilineage dys-
plasia cases. 

Myelodysplastic syndrome with isolated del(5q) 
is a discrete subset of MDS with a favorable progno-
sis [101, 102]. Patients typically present with macro-
cytic anemia, normal granulopoiesis and neutrophil 
count, and normal or increased platelets associated 
with increased and markedly dysplastic, mononu-
clear megakaryocytes in the marrow. The 
myeloid:erythroid ratio is usually elevated, with 
relative erythroid hypoplasia (Fig. 2.18). 

Finally, the entity Myelodysplastic syndrome, 
unclassifiable (MDS-U) serves as a repository for 
those rare cases that fall into three specific catego-
ries [108]: (1) cases that resemble MDS- SLD, 
MDS-MLD, MDS with isolated del(5q), or 
MDS-RS, but with exactly 1% blasts in peripheral 

blood documented on two separate occasions; (2) 
cases that resemble MDS-SLD or MDS-RS-SLD, 
but with pancytopenia (HGB level <10 g/dL, 
absolute neutrophil count <1.8 × 109/L, and 
platelet count <100 × 109/L); and (3) cases with 
cytopenia and cytogenetic abnormalities typical 
of MDS (see Table 2.11), but lacking sufficient 
(<10%) dysplasia in any lineage. The prognosis 
of MDS-U is uncertain, but the subcategory with  
1% peripheral blood blasts appears to have an 
inferior prognosis to low-grade MDS cases lack-
ing circulating blasts and has an outcome similar 
to MDS with excess blasts [109].

High-Grade MDS
Myelodysplastic syndrome with excess blasts 
(MDS-EB) encompasses cases that have increased 
blasts in the bone marrow and/or blood (see 
Table 2.10 for specific blast thresholds), or Auer 
rods (Fig. 2.19) [88, 110]. MDS-EB can exhibit 
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any number of cytopenias, any degree of mor-
phologic dysplasia, and variable cytogenetic 
findings. CD34 immunostaining of the biopsy 
section may help reveal increased blasts in cases 
with a hemodilute, nonrepresentative, or poorly-
stained aspirate smear [111]. MDS-EB is divided 
into two strata (MDS-EB1 and MDS-EB2) based 
on specific cutoffs of bone marrow and blood 
blasts and presence or absence of Auer rods [105, 
106, 112]. Importantly, the presence of excess 
blasts (or Auer rods) in the bone marrow or blood 
supersedes an isolated del(5q) cytogenetic abnor-
mality or ring sideroblasts for the purposes of 
classifying MDS.

MDS in Children
MDS is rare in children and the distribution of 
disease subtypes differs from that of MDS in 
adults [113]. Most cases of MDS in children 

Table 2.11 Cytogenetic abnormalities consid-
ered MDS defining according to the 2016 WHO 
classification

Unbalanced cytogenetic abnormalities

 −7 or del(7q)

 del(5q) or t(5q)

 i(17q) or t(17p)

 −13 or del(13q)

 del(11q)

 del(12p) or t(12p)

 del(9q)

 idic(X)(q13)

Balanced cytogenetic abnormalities

 t(11;16)(q23;p13.3)

 t(3;21)(q26.2;q22.1)

 t(1;3)(p36.3;q21.2)

 t(2;11)(p21;q23)

 inv(3)(q21q26.2)/ t(3;3)(q21.3;q26.2)

 t(6;9)(p23;q34)

a b

c d

Fig. 2.19 MDS with excess blasts (MDS-EB). (a) This cir-
culating blast in a patient with MDS contains an Auer rod, 
which mandates classification as MDS-EB-2, irrespective of 
the blast percentage. (b) Bone marrow aspirate smear from 
a patient with MDS-EB-1, showing two blasts (arrows). The 
blasts in MDS-EB are often small and may be missed in 

thick parts of the smear. (c) In this bone marrow biopsy from 
a patient with MDS-EB-2, blasts are difficult to enumerate 
on hematoxylin and eosin stain and do not appear to be 
increased. (d) CD34 immunostain on the same case shows 
frequent CD34-positive blasts comprising about 15% of the 
marrow cellularity and present in small clusters
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manifest with multilineage dysplasia. MDS-RS 
is rare in children; if ring sideroblasts are 
observed in a pediatric patient, Pearson syndrome 
(discussed earlier in this chapter) must be consid-
ered [114]. MDS with isolated del(5q) does not 
occur in children. The main pediatric MDS entity 
is refractory cytopenia of childhood (RCC), 
which comprises about half of all pediatric MDS 
cases. This disease is similar to MDS-MLD, but 
usually manifests with a hypocellular marrow 
with islands of erythroids in the biopsy and sig-
nificant dyserythropoiesis, often with dysplasia 
in other lineages as well. Other MDS cases occur-
ring in children are classified like adult 
MDS. Because of the frequent hypocellularity in 
pediatric MDS, distinction from aplastic anemia 
may be challenging. Although application of the 
diagnostic criteria of RCC (see Table 2.10) usu-
ally allows accurate distinction [85], in some 
cases extended observation may be required to 
distinguish RCC cases from aplastic anemia. 
Given this diagnostic difficulty, RCC is still con-
sidered as a provisional MDS entity in the 2016 
WHO Classification. MDS in children frequently 
occurs in the background of a congenital germ-
line predisposition syndrome (discussed in detail 
in Chap. 3), acquired bone marrow failure state 
(discussed in Chap. 4), or prior exposure to cyto-
toxic chemotherapy and/or radiotherapy.

Therapy-Related MDS
In the 2016 WHO Classification, therapy-related 
MDS is grouped together with therapy-related 
AML, as these diseases tend to have similarly 
poor prognosis irrespective of the blast count 
[115]. Therapy-related MDS occurs principally 
after exposure to agents that damage DNA (alkyl-
ating agents, platinum derivatives, nitrosoureas) 
or after exposure to ionizing radiation [116, 117]. 
The mechanism by which these agents cause dis-
ease is not fully understood. While it has gener-
ally been assumed that DNA damage initiated by 
these agents causes mutations in MDS-related 
oncogenes, more recent data suggest that cyto-
toxic effects on the marrow microenvironment 
may foster the expansion of preexisting clones 
bearing TP53 or other mutations [118]. The onset 
of clinical disease may begin as early as 6 months 

after initiation of therapy with the causative 
agent, but more characteristically the latency is 2 
or more years and peaks at 5–6 years. Patients 
may present with features of any MDS subtype. 
Regardless of the presentation, the prognosis is 
generally poor, with more rapid worsening of 
cytopenias and progression to AML and shorter 
survival compared to de novo MDS, mainly due 
to the high incidence of adverse cytogenetic fea-
tures and TP53 mutations in therapy-related 
MDS [119].

Hypoplastic MDS
Most cases of MDS have hypercellular marrow 
despite the presence of cytopenias, reflecting the 
ineffective hematopoiesis that is characteristic of 
the disease. However, 10–15% of MDS in adults 
(and a much higher percentage in children, as 
discussed above) has reduced marrow cellularity 
for age [120, 121]. Hypoplastic MDS is not a 
specific entity in the 2016 WHO Classification, 
and such cases should be classified as for other 
MDS. Rather, the term serves to identify a group 
of MDS cases that must be carefully distin-
guished from other hypoplastic marrow states. 
Because aplastic anemia can manifest mildly 
dysplastic morphology and even transient clonal 
cytogenetic abnormalities similar to MDS, dis-
tinction between hypocellular MDS and aplastic 
anemia may be difficult (see Chap. 4 and 
“Differential Diagnosis” section below) [87, 
122]. Interestingly, hypoplastic MDS is more 
likely than more cellular MDS cases to respond 
favorably to immunosuppression, suggesting a 
possible biologic overlap with aplastic anemia 
[123–125]. A careful blast count on the aspirate 
smear must be performed to distinguish hypo-
plastic MDS-EB from hypoplastic AML. CD34 
staining of the biopsy section is helpful in this 
regard [87] (Fig. 2.20).

Erythroid-Predominant MDS
Cases of MDS with erythroid predominance (≥50% 
erythroid elements) comprise about 15% of all 
MDS and are more frequently therapy related than 
MDS with <50% erythroids [126] (Fig. 2.21). 
Erythroid predominance does not define a specific 
MDS subtype in the 2016 WHO Classification. 
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These cases are most frequently classified as MDS-
MLD, MDS-SLD, or MDS-RS [126]. In the 2016 
WHO Classification, most erythroid-predominant 
cases previously classified as acute erythroid leuke-
mia, erythroid/myeloid subtype in the 2008 WHO 
Classification are now classified as MDS-EB. This 
change was made because the method of counting 
blasts as a proportion of non-erythroid cells in acute 
erythroid leukemia did not necessarily predict clini-
cally distinctive disease [127, 128]. Some studies 
have suggested that erythroid- predominant MDS 
cases with increased pronormoblasts have a more 
aggressive course [129]. However, enumeration of 
pronormoblasts in MDS is not part of the WHO 
Classification, in part because pronormoblast num-
bers and erythroid left shift may be labile and influ-
enced by metabolic deficiencies and effects of 
exogenous growth factors.

MDS with Fibrosis
Moderate and occasionally marked reticulin 
fibrosis can occur in MDS [130, 131] (Fig. 2.22). 
Like hypoplastic MDS and erythroid- predominant 
MDS, MDS with fibrosis is not a distinct disease 
category in the 2016 WHO Classification and 
these cases are classified based on the same crite-
ria used in other MDS cases. Significant reticulin 
fibrosis (grade 2 or 3 in the WHO myelofibrosis 
grading scheme) confers an inferior prognosis to 
MDS that is independent of other risk factors 
[132]. Many MDS cases with fibrosis have 
increased blasts and are classified as MDS-EB. In 
such cases, the fibrosis may interfere with the 
acquisition of an aspirate (so-called “dry tap”). 
Thus, accurate quantitation of blasts in fibrotic 
MDS often requires careful analysis of the core 
biopsy to estimate the blast count. Touch imprints 

a b

c d

Fig. 2.20 Hypoplastic MDS, classified as MDS-EB-2. 
(a) The marrow biopsy is markedly hypocellular. (b) On 
high magnification, there are clusters of erythroid 
elements as well as scattered dysplastic megakaryo-

cytes (arrows). (c) A CD34 immunostain highlights 
frequent myeloblasts, comprising 10% of the cellularity. 
(d) Although the aspirate smear is paucicellular, blasts are 
readily identified

2 Cytopenias: Reactive and Neoplastic



56

from the core biopsy should always be prepared 
in a “dry tap”  situation. Immunohistochemical 
staining with CD34 to highlight possible 
increased blasts in the bone marrow biopsy is 
essential in fibrotic cases with a compromised 
aspirate smear. CD61 immunostaining is also 
helpful to reveal micromegakaryocytes that are 
commonly seen in MDS with fibrosis. MDS 
with fibrosis may mimic primary myelofibrosis, 
other chronic myeloproliferative neoplasms with 
fibrosis, and acute megakaryoblastic leukemia. 
These differential diagnoses are discussed below.

 Immunophenotype
MDS hematopoietic cells exhibit quantitative and 
qualitative abnormalities in antigen expression 
and maturation patterns that can be evaluated by 
multiparameter flow cytometry immunopheno-
typing. These include abnormalities in the quan-
tity and phenotype of blasts as well as the 
maturation phenotypic patterns and light scatter 
qualities of maturing granulocytic elements, and 
the maturation phenotypic patterns of erythroid 
cells and monocytes. A list of the main flow 
cytometry abnormalities observed in the most 
frequently assessed hematopoietic lineages 
(blasts, maturing myeloids, and monocytes) is 
shown in Table 2.12 and examples of normal and 
aberrant phenotypes of blasts and maturing 
hematopoietic cells are shown in Figs. 2.23, 2.24, 
and 2.25. These abnormalities correlate with the 
types and degrees of morphologic dysplasia and 
cytogenetic abnormalities [133], and predict 
prognosis independent of other known risk fac-
tors [134–136]. Although these phenotypic 
abnormalities have been validated in numerous 
studies, how flow cytometry should be optimally 
applied to diagnose MDS remains controversial. 
Some of the abnormalities in myeloid and mono-
cytic maturation patterns that are typical of MDS 
may also be seen in reactive conditions such as 
HIV infection, bone marrow regeneration, and 
autoimmune conditions [137]. Assessing aber-
rant antigen expression patterns has proven diffi-
cult to implement in a clinical laboratory setting 
[138, 139]. In contrast, phenotypic aberrations 

a

c

b

Fig. 2.21 MDS with erythroid predominance, classified as 
MDS-EB-1, on bone marrow biopsy. (a) The marrow is mark-
edly hypercellular, with a prominent proliferation of erythroid 
elements. (b) Erythroid maturation is left shifted, but exhibits 
maturation, unlike pure erythroid leukemia, in which maturing 
erythroid elements are infrequent. Several late erythroid forms 
(lower right corner) exhibit dysplastic nuclear irregularities. 
(c) A CD34 immunostain highlights increased myeloblasts. 
Although relatively low in number, the percentage of blasts in 
the aspirate smear (not shown) comprised 25% of the non- 
erythroid elements and thus this case would have been diag-
nosed as acute erythroid leukemia (erythroid/myeloid subtype) 
in the 2008 WHO Classification. However, based on a 7% 
blast percentage of all cells in the aspirate smear, this case is 
classified as MDS-EB-1 in the 2016 WHO Classification
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observed in the blast compartment, such as a pau-
city of hematogones, altered expression of anti-
gens such as CD45, CD34, CD117, CD33, CD13, 
or CD38, or aberrant expression of lymphoid 
antigens such as CD2, CD5, CD7, or CD56, 
appear to be more specific for MDS [140].

Implementation of flow cytometry evaluation 
of MDS in individual laboratories can be chal-
lenging, as it requires sufficient case volume and 
experience to validate. Ideally, published recom-
mended panels should be used and multiple 
simultaneous abnormalities should be seen in the 
hematopoietic cells to suggest a diagnosis of 
MDS [141, 142]. A recent guideline from the 
European LeukemiaNet Working Group for Flow 
Cytometry in MDS recommended that either a 
limited “Ogata score” panel or a more compre-
hensive Euroflow panel be followed, that at least 

three aberrant findings in at least two cell com-
partments should be observed, and that flow 
cytometry findings should always be integrated 
into the diagnostic report together with the mor-
phologic, cytogenetic, and any molecular genetic 
findings. Used appropriately, flow cytometry 
immunophenotyping in suspected MDS provides 
helpful information that can be used to support a 
diagnosis of MDS suspected on morphology and 
clinical features (particularly if the morphology 
is ambiguous and the karyotype is normal) [143–
145]. Conversely, normal flow cytometry find-
ings should stimulate careful investigations for 
non-MDS causes of cytopenia. However, accord-
ing to current guidelines, including the 2016 
WHO Classification, flow cytometry findings 
alone should not be used to make a diagnosis of 
MDS if other criteria are lacking, nor should a 

a b

c d

Fig. 2.22 MDS with fibrosis, classified as MDS-MLD, 
on bone marrow biopsy. (a) The marrow is markedly 
hypercellular, with streaming of cells in some areas sug-
gesting fibrosis. (b) High magnification shows intact mat-
uration of erythroid and myeloid elements and several 

small, dysplastic megakaryocytes. (c) There is moderate 
reticulin fibrosis (WHO MF grade 2) on a reticulin silver 
stain. (d) A CD61 immunostain highlights numerous 
micromegakaryocytes
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Table 2.12 Abnormalities identified by flow cytometry in myelodysplastic syndrome (adapted from 
[142, 242])

Cell population Abnormalities seen in MDS

CD34+ blasts   •  Increased numbers (>2% or ≥3%)
  •  Decreased CD19+CD10+ hematogones
  • Altered CD45 and side scatter
  •  Increased CD13, CD34, CD117, CD123 expression levels
  •  Decreased expression of CD38 or HLA-DR
  •  Markedly increased cells with CD4, CD15, CD64, or CD65 expression
  •  Aberrant expression of CD2,a CD5, CD7,a or CD56

Maturing myeloids   •  Decreased side scatter relative to lymphocytes
  •  Abnormal patterns of CD11b, CD13, and CD16 expression
  •  Lack of CD10 expression on neutrophilsb

Monocytes   •  Decreased CD45 and/or side scatter
  •  Decreased expression of HLA-DR, CD13, CD14, CD36
  •  Increased expression or CD15 or CD16
  •  Aberrant expression of CD56c (bright) and CD2

aCD2 and CD7 can be expressed on some normal blasts, but usually in the CD38 bright cells and CD13/CD33dim cells
bLack of CD10 on granulocytes may also be seen in autoimmune neutropenia or hemophagocytic syndrome
cCD56 expression on monocytes is commonly seen in reactive or regenerative monocytes. In MDS monocytes, when 
expressed it is usually bright and seen in at least 25% of the monocytes
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Fig. 2.23 The immunophenotype of CD34+ cells in a nor-
mal bone marrow. CD34+ cells are composed of myeloid 
precursors that are CD117+, CD13+, CD33+, CD123+,  
HLADR+ as well as various numbers of stage I hemato-
gones (normal precursor B cells, shown by arrows) that are 
CD19+CD10+. Often, some plasmacytoid dendritic cell 

precursors are identified by CD123bright+HLADR+ 
expression (arrowhead). The normal expression levels of 
CD34, CD45, CD117, CD38, HLADR, CD123, and CD13 
can be determined by visual inspection as well as mea-
sured by median florescence intensity (MFI) (measured 
here on myeloid precursors after excluding hematogones)
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negative flow cytometry result be used to 
unequivocally exclude the possibility of MDS.

Provided that a good bone marrow aspirate and 
peripheral smear are obtained and reviewed, 
immunohistochemistry is often not required to 
diagnose and classify MDS. However, in fibrotic 
bone marrow, cells may be crushed and difficult 
to identify and there may be no aspirate smear due 
to a “dry tap.” In such cases, staining for lineage- 
specific markers (CD71, glycophorin, E-cadherin, 
or HGB for erythroids; MPO, lysozyme, or CD33 
for granulocytic elements; and CD61, CD42b, or 
factor VIII for megakaryocytes) and CD34 can 
help identify cell types and quantify blasts. 
Myeloblasts in the vast majority of MDS cases are 
CD34 positive and this stain is more specific than 
CD117, which also stains some promyelocytes, 
early erythroid elements, and mast cells 
(Fig. 2.26a, b). Immunostaining for CD34 also 
helps highlight clusters of blasts away from bone 
trabeculae, which are associated with an adverse 
prognosis in MDS. Identification of very small 
dysplastic megakaryocytes (micromegakaryo-
cytes), the presence of which strongly supports a 
diagnosis of MDS, is facilitated by immunostain-
ing with a megakaryocyte marker (Fig. 2.26c). 
Finally, strong immunostaining for p53 in >1% of 
the bone marrow cells correlates with the pres-
ence of a TP53 mutation, which is associated with 
a very poor prognosis in MDS (Fig. 2.26d) [146].

 Cytogenetics and Molecular Genetics
Conventional karyotyping should be performed in 
all MDS cases at diagnosis, as cytogenetic abnor-
malities are seen in 50–60% of patients and the 
specific findings can help in establishing clonality 
and determining prognosis. Cytogenetic abnormal-
ities, especially those involving chromosomes 5 
and 7, are even more frequent in therapy- related 
MDS than in de novo disease: over 90% of therapy-
related MDS cases show an abnormal karyotype 
[147]. FISH analysis for common abnormalities in 
MDS may be helpful if the karyotype fails or is 
insufficient (less than 20 metaphases) [100], but 
probably does not add information if 20 normal 
metaphases are obtained [148, 149]. The typical 
recurring clonal cytogenetic abnormalities seen in 
MDS are shown in Table 2.11 [91, 150–152]. Most 

of the abnormalities are losses or gains of large seg-
ments of chromosomes, the most frequent involv-
ing chromosomes 5, 7, and 8. Deletions or losses of 
chromosomal material may also result from unbal-
anced translocations in MDS, while balanced 
translocations are infrequent. According to the 
2016 WHO Classification, the presence of any of 
the MDS-defining cytogenetic abnormalities listed 
in Table 2.11 is sufficient to confirm a diagnosis of 
MDS in a cytopenic patient, even if significant dys-
plasia is lacking. However, certain cytogenetic 
abnormalities [+8, del(20q), and -Y] are specifi-
cally excluded from this list, as they can be seen in 
normal aged individuals or in patients with non- 
MDS causes of cytopenia, such as aplastic 
anemia or immune thrombocytopenia [153–155]. 
Importantly, the cytogenetic abnormalities 
inv(16)/t(16;16), t(15;17), and t(8;21) are AML 
defining, even if bone marrow and blood blasts are 
<20%, and the presence of any of these 
 abnormalities mandates a diagnosis of AML rather 
than MDS.

The only cytogenetic abnormality which 
defines a specific MDS subtype in the 2016 WHO 
Classification is an isolated del(5q) abnormality, 
reflecting its strong association with a particular 
disease phenotype and biology, responsiveness to 
a specific therapy (lenalidomide), and favorable 
prognosis [156]. It has recently been shown that 
MDS with del(5q) has a favorable prognosis if 
one, but not two or more, additional cytogenetic 
abnormalities is present [157, 158]. Thus, in the 
2016 WHO Classification, one other cytogenetic 
abnormality (aside from monosomy 7 or deletion 
of 7q) is allowed in MDS with isolated del(5q).

In addition to isolated del(5q), other chromo-
somal abnormalities have important clinicopath-
ologic associations in MDS. Cases with t(3;3)
(q21.3;q26.2) and inv(3)(q21.3q26.2) tend to 
have pronounced megakaryocytic dysplasia, 
often an increased platelet count, and a poor 
prognosis similar to that of an aggressive AML 
[159, 160]. However, the t(3;3)/inv(3) abnormal-
ity is not considered AML defining, and cases 
with <20% blasts should be classified in the 
appropriate MDS category. MDS cases with 
chromosome 17p abnormalities typically demon-
strate prominent pseudo-Pelger-Huët anomaly or 
nuclear monolobation in granulocytes [161]; 
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some have monocytosis or leukocytosis and are 
classified as a myelodysplastic/myeloprolifera-
tive neoplasm (MDS/MPN) rather than MDS. A 
common molecular genetic abnormality in some 
of these cases is deletion or inactivation of one 
copy of the TP53 gene, but patients with specifi-
cally isochromosome 17q typically lack TP53 
mutations [162]. Beyond the abovementioned 
chromosomal abnormalities, many other specific 
karyotype abnormalities are significantly associ-
ated with patient outcome. The revised IPSS-R 
sheme divides recurrent cytogenetic abnormalities 
in MDS into five discrete risk groups, ranging 
from very good to very poor; normal karyotype, 
which is seen in 40–50% of MDS cases, is in the 
good prognostic group [64].

More recently, the significance of mutations in 
MDS has become increasingly apparent due to 

rapid advances in sequencing technologies. 
Between 80 and 90% of MDS patients have detect-
able aberrations in a typical panel of 50–100 genes 
evaluated by next-generation sequencing. A listing 
of the most commonly mutated genes in MDS is 
shown in Table 2.13. The commonly mutated genes 
in MDS affect the spliceosome (in aggregate pres-
ent in about 50% of cases) [163] or epigenetic regu-
lation of gene expression via mutations in genes 
controlling DNA methylation or histone modifica-
tion. Other commonly mutated genes are those 
encoding hematopoietic transcription factors, sig-
naling proteins (such as tyrosine kinases), the tumor 
suppressor p53, and the cohesin complex, which 
controls the cohesion of sister chromatids as well as 
DNA repair and transcriptional regulation. The 
mutational landscape of MDS is complex and 
dynamic in that multiple mutations usually are pres-

a b

c d

Fig. 2.26 Useful immunostains in evaluating a bone 
marrow biopsy involved by MDS. CD34 (a) is a relatively 
specific stain for blasts in the bone marrow: staining is 
limited to blasts and endothelial cells. CD34 staining of 
blasts is often weaker than that of endothelial cells and 
can show a granular staining pattern on blasts. CD117 
performed on the same case (b) stains not only myelo-
blasts, but also early erythroblasts and promyelocytes. 
Myeloblasts typically stain most strongly than erythroblasts 

for CD117, while mast cells (arrow) stain very strongly and 
have a small, central nucleus. (c) CD61 immunostain 
helps identify small, dysplastic megakaryocytes and 
micromegakaryocytes, which are often underestimated on 
routine histologic stains. (d) p53 immunostain on a case 
of MDS-EB-2 shows strong staining of numerous marrow 
cells (mostly erythroid elements). This staining pattern 
correlates strongly with the presence of a TP53 mutation
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ent and show nonrandom but still poorly understood 
associations with one another. Further complicating 
interpretation, mutations may be present in only a 
subclone of the tumor cells and may change over 
time, with or without therapy [164].

Importantly, mutations identical to those seen 
in MDS can occur in apparently healthy individu-
als in the condition known as “clonal hematopoi-
esis of indeterminate potential” (CHIP, discussed 
later in this chapter). Thus, the presence of MDS-
associated mutations does not necessarily prove 
the presence of MDS [76]. These CHIP mutations 
can have a relatively high mutant allele fraction 
similar to that seen in MDS patients. Thus, at the 
current time, the identification of MDS-type 
mutations alone, even in a patient with cytopenia, 
cannot be used to establish a diagnosis of MDS in 
the absence of other diagnostic criteria. Further 
study is needed to determine if particular muta-
tion combinations, allele burden level, or the clin-
ical context (such as patient age and degree of 
cytopenia) may eventually help establish criteria 
for a mutation-based diagnosis of MDS [76].

Beyond their role in helping establish the pres-
ence of clonal process, certain mutations correlate 
with specific MDS subtypes and/or clinical behav-
ior. A spliceosome gene, SF3B1, is one of the most 
common genes mutated in MDS and has strong 
association with MDS-RS (as discsussed above) 
and with a favorable prognosis in MDS [103, 165–
167]. TP53 mutation is often associated with a com-
plex karyotype and therapy-related disease and has 
a very poor prognostic impact on the disease course. 
Other mutations associated with an unfavorable 
prognosis in MDS include ASXL1, CBL, DNMT3A, 
ETV6, EZH2, NRAS, RUNX1, and SRSF2 [168].

 Differential Diagnosis
One of the most challenging aspects of MDS 
diagnosis is its differential diagnosis with the 
numerous other conditions that cause cytopenia, 
which have been discussed extensively earlier in 
this chapter. Dysplasia can be seen in many non-
neoplastic conditions and can occur as a paraneo-
plastic phenomenon in some lymphomas and it is 

Table 2.13 Common recurrent gene mutations in myelodysplastic syndromes

Pathway and specific genes Frequency in MDS Comments

Splicing factors

 SF3B1 20–35% Strongly associated with ring sideroblasts

 SRSF2 10–15%

 U2AF1 5–10%

 ZRSR2 5–10%

Epigenetic regulators

 ASXL1 15–20% Frequently mutated in CHIP and aplastic anemia

 EZH2 5–10%

 TET2 20–30% Frequently mutated in CHIP

 DNMT3A 10–15% Frequently mutated in CHIP and aplastic anemia

 IDH1/2 5%

Transcription factors/tumor suppressors

 RUNX1 10–15%

 TP53 5–10%

 BCOR/BCORL 5% Frequently mutated in aplastic anemia

 ETV6 2-5%

Growth factor/signaling

 NRAS/KRAS 5–10%

 CBL 5%

 JAK2 2–5% More frequently mutated in MDS with fibrosis

Cohesin complex

 STAG2 4–7%

CHIP clonal hematopoiesis of indeterminate potential
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also a feature of many non-MDS myeloid neo-
plasms. Navigating this difficult differential diag-
nosis requires consideration of all available 
diagnostic information and keeping an open mind 
when approaching a putative MDS diagnosis.

Secondary Causes of Cytopenia
In patients presenting with macrocytic anemia, 
megaloblastic anemia frequently manifests dys-
plastic features in the erythroid lineage that 
closely mimic MDS, as well as a markedly hyper-
cellular marrow with prominent erythroid 
 hyperplasia [83, 84]. In megaloblastic anemia, 
overt megaloblastic changes usually predominate 
over other dysplastic features, while the megalo-
blastoid changes in MDS are milder than those 
seen in megaloblastic anemia. Megaloblastic 
changes in the myeloid series seen in megalo-
blastic anemia (giant band forms and metamyelo-
cytes) are helpful, as they are usually absent from 
MDS. Neutrophil hypersegmentation can be a 
manifestation of MDS dysplasia, but it is accom-
panied by hypogranular cytoplasm as opposed to 
the normally granulated cytoplasm of hyperseg-
mented neutrophils in megaloblastic anemia. 
Whenever the differential diagnosis includes 
megaloblastic anemia, serum vitamin B12 and 
folate levels as well as gamma-levulinic acid 
should be measured prior to rendering a diagno-
sis of MDS.

Many chemotherapy agents induce dysplastic 
and megaloblastoid morphology in erythroid 
cells and also frequently cause cytopenias that 
are sometimes prolonged. The most striking 
megaloblastic changes are seen with folate antag-
onists (e.g., methotrexate) and antimetabolites 
such as hydroxyurea and 5-fluorouracil [169–
171]. Distinguishing prolonged chemotherapy 
effects from an early therapy-related MDS may 
be difficult; identification of MDS-associated 
immunophenotypic abnormalities detected by 
flow cytometry can be helpful in this situation 
[172]. Care must be taken in interpreting the 
presence of mutations, since clonal mutated 
hematopoiesis may be observed in patients fol-
lowing chemotherapy. Although this condition 
appears to confer increased risk for subsequently 
developing MDS, it is not currently considered in 
isolation diagnostic of MDS. Cytogenetics may 

be helpful if an MDS-associated clonal abnor-
mality such as -7 or del(5q) is demonstrated.

Copper and selenium deficiency and zinc toxic-
ity [173] can cause pancytopenia and dysplastic 
marrow morphology (most often vacuolization of 
erythroids and granulocyte precursors), closely 
mimicking MDS [47, 174]. Copper deficiency can 
result from prolonged parenteral hyperalimenta-
tion, post- gastrectomy or malnourished states, or 
copper chelation therapy [175, 176]. Given the 
ability of copper deficiency to mimic MDS, it is 
prudent to evaluate copper levels in any patient 
with unexplained cytopenias. Arsenic trioxide 
(used to treat acute promyelocytic leukemia) 
causes striking dysplastic morphology in marrow, 
particularly in erythroid progenitors, mimicking 
the erythroid dysplasia of MDS [83, 177].

After an acute marrow injury (such as 
induced by chemotherapy, toxin, infection, or 
occasionally an unknown cause), there may be 
transiently increased blasts in blood or bone 
marrow accompanying hematopoietic recovery. 
Dysplastic changes may also be seen, especially 
in the erythroid and occasionally megakaryo-
cytic lineages. Identification of left-shifted 
myeloid forms and toxic granulation in the 
blood can be helpful clues to appropriate mar-
row recovery rather than high-grade MDS with 
circulating blasts. Circulating granulocytic 
forms in MDS are often hypogranular, but only 
seldom show toxic granulation.

Viral and other infections can be associated 
with cytopenias and marrow changes potentially 
mimicking MDS. Bone marrow examination of 
cytopenic HIV patients often reveals dysplastic 
morphologic features, particularly in the ery-
throid and megakaryocytic lineages (Fig. 2.27) 
[83, 84]. However, the cytogenetic abnormalities 
of MDS are lacking in cytopenic HIV-infected 
patients and the cytopenias usually resolve fol-
lowing successful treatment of the infection. 
EBV, herpes, and cytomegalovirus infections 
may also present with hypercellular marrow and 
dysplastic marrow morphology [178]. Parvovirus 
B19 infection can mimic the small subset of 
MDS presenting with pure red cell aplasia; thus 
both MDS and parvovirus infection must be con-
sidered in the differential diagnosis of this con-
dition [12, 179]. Morphologic abnormalities in 
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parvovirus infection are usually restricted to the 
erythroid lineage and such cases demonstrate 
viral inclusions and positive parvovirus serology 
and immunohistochemistry.

A significant subset of MDS patients demon-
strate subpopulations of hematopoietic cells 
with loss of glycosylphosphatidylinositol (GPI)-
anchored proteins detected by flow cytometry, 
features shared with paroxysmal nocturnal 
hemoglobinuria (PNH). It is hypothesized that 
abnormal hematopoietic clones with the PNH 
anomaly arise through selective pressure on stem 
cells in the MDS bone marrow [180]. In most 
MDS cases, the PNH clone is small in size (<5% 
of cells), whereas the clone is typically >10% of 
cells in bona fide PNH [181]. However, about 
5% of patients with overt PNH progress to MDS 
[182]. Thus, significant morphologic dysplasia 
or a clonal cytogenetic abnormality in the setting 

of a prior PNH diagnosis should raise concern 
for evolution to MDS.

 Cytopenias, Mutations, and Dysplasia 
of Undetermined Significance
Patients who have persistent (>6 months), signifi-
cant, and unexplained cytopenia, but lack MDS- 
defining dysplasia, excess blasts, or an 
MDS-defining cytogenetic abnormality, are des-
ignated as having “Idiopathic Cytopenia of 
Undetermined Significance” (ICUS) [183, 184]. 
It is recommended that these patients be followed 
with periodic blood counts and a repeat bone mar-
row examination should be performed if the cyto-
penias worsen significantly and remain 
unexplained. Over time, some ICUS patients 
progress to MDS or another myeloid neoplasm, 
such as AML. Flow cytometry aberrations and the 
presence of MDS-type mutations (see below) are 

a b

c d

Fig. 2.27 Bone marrow findings in HIV infection, which 
can mimic MDS. (a) The bone marrow aspirate smear 
shows dysplastic vacuolation and nuclear irregularities in 
the erythroids. (b) The bone marrow biopsy is hypercel-
lular with clustered megakaryocytes, some showing fea-

tures reminiscent of those seen in MDS. (c) The marrow 
exhibits architectural disorganization (failure of ery-
throids to form well-defined islands) and increased plasma 
cells. (d) There is often increased reticulin fibrosis
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helpful in predicting the likelihood of ICUS pro-
gression to MDS or AML [185]. Cytopenia is a 
sine qua non of MDS, and therefore patients who 
undergo bone marrow examination for any reason 
that shows significant dysplasia in one or more 
lineages, but lack any cytopenia (over at least a 6 
month period) cannot be diagnosed with 
MDS. This condition has been termed “Idiopathic 
Dysplasia of Undetermined Significance” (IDUS) 
[186]. In such situations, it is important to con-
sider MDS/MPN overlap diseases that may mani-
fest dysplasia but lack significant cytopenia. 
Plasma cell myeloma and some bone marrow 
lymphomas can produce reactive dysplastic 
changes in marrow hematopoietic elements. In 
addition, secondary dysplastic changes are caused 
by a variety of nonneoplastic conditions, includ-
ing infections, autoimmune disease, and drugs, 
toxins, and metabolic deficiencies, as discussed 
above. IDUS patients may subsequently develop 
neoplasms, which are often neoplasms other than 
MDS, such as a myeloproliferative neoplasm 
(MPN), AML, or an MDS/MPN overlap.

Although certain cytogenetic abnormalities are 
considered sufficient to diagnose MDS in a cyto-
penic patient (see Table 2.11), the same is not true 
for mutations. As mentioned previously, MDS-
type mutations as well as gene copy number 
abnormalities have been found in the blood of 
normal individuals who do not have MDS [187]. 
Hematopoietic stem cells progressively accumu-
late mutations as an individual ages (estimated at 
approximately 1.3 somatic mutations per stem 
cell per decade) [188]. Some of these mutations 
can affect key genes that confer growth advantage 
to the stem cell and allow it to outcompete its 
unmutated neighbors and expand within the bone 
marrow, eventually contributing enough to leuko-
cyte production such that the mutation can be 
detected by sequencing a peripheral blood or bone 
marrow sample, a condition termed CHIP (defined 
previously) [76]. The presence of CHIP in the set-
ting of unexplained cytopenia and lack of diag-
nostic findings of MDS on bone marrow 
examination has been termed “Clonal Cytopenia 
of Undetermined Significance” (CCUS). The 
incidence of CHIP is estimated at approximately 
5–10% in individuals over 65 or 70 and approaches 
20% in individuals over 90, while is rare in those 
under 40 [187, 189, 190]. Individuals with CHIP 

are at an increased risk of developing a subse-
quent hematologic malignancy compared to age-
matched controls without CHIP, but this is only 
approximately 0.5–1% per year. It is currently 
unclear how individuals found to have CHIP 
should be managed, but at the current time, they 
are not considered to have a neoplasm and do not 
warrant therapy. Of note, the incidence of CHIP in 
elderly individuals is much higher than the inci-
dence of MDS, thus the identification of MDS- 
type mutations in hematopoietic cells has low 
predictive value in this patient population, even 
among patients with unexplained cytopenia [191]. 

Some recent studies have suggested that certain 
specific mutation patterns in individuals with 
CCUS appear to predict higher likelihood of 
developing MDS. These include the presence of 
mutations with a mutant allele fraction of at least 
10%, and those that involve either a spliceosome 
gene alone or one of the epigenetic regulating 
genes TET2, DNMT3A, or ASXL1 in combination 
with at least one other mutation. The presence of 
NPM1, CBL, NRAS, and IDH2 mutations, which 
are uncommon in CHIP, also appears to predict 
progression of CCUS to MDS or AML [192, 193].

 Lymphomas mimicking MDS
While most lymphoid leukemias, such as chronic 
lymphocytic leukemia, present with overt lympho-
cytosis, some are associated with a cytopenic pre-
sentation. These may have lymphomatous 
infiltrates in the marrow that occur in a subtle 
interstitial or intrasinusoidal pattern that can be 
missed on casual inspection of the routine histol-
ogy. These include hairy cell leukemia, large gran-
ular lymphocytic (LGL) leukemia, hepatosplenic 
T-cell lymphoma, and intravascular large B-cell 
lymphoma. Reactive dysplastic changes have been 
reported to occur in the maturing hematopoietic 
cells in LGL leukemia and conversely reactive 
lymphoid aggregates may be present in MDS. LGL 
leukemia patients present predominantly with 
neutropenia, whereas an anemic presentation is 
more common in MDS. Flow cytometry identifies 
an expanded population of immunophenotypically 
aberrant CD8+, CD57+ T cells and PCR study of 
blood and/or marrow reveals a clonal TCR rear-
rangement in LGL leukemia [194]. Application of 
T-cell markers (CD3, CD4, CD8), as well as CD57 
and cytotoxic markers, can be helpful in identify-
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ing the often subtle interstitial and intrasinusoidal 
LGL infiltrates in the bone marrow. Notably, MDS 
and LGL leukemia may rarely occur together and 
STAT3 mutations that characterize LGL leukemia 
as well as clonal T-cell populations have been 
identified in MDS patients [195, 196]. Thus, in 
some cases it may be difficult to distinguish LGL 
leukemia from MDS with an expanded clonal 
T-cell population. Close clinical follow-up is 
advised in such cases, as the “true” disease often 
becomes apparent over time. 

Hairy cell leukemia and plasma cell myeloma 
have both been associated with morphologic dys-
plastic changes in the bone marrow and may 
infiltrate the marrow biopsy in a subtle interstitial 
pattern obscured by reactive hematopoietic ele-
ments; these non-MDS neoplasms can be dis-
closed by applying appropriate immunostains.

 Congenital Conditions
MDS may mimic the congenital dyserythropoi-
etic anemias (CDAs) by exhibiting internuclear 
bridging, megaloblastoid hematopoiesis, and 
multinucleation of erythroid progenitors as man-
ifestations of erythroid lineage dysplasia [197]. 
This differential diagnosis is critical, because the 
treatment and prognosis of MDS and CDAs dif-
fer. CDA types I and II typically present in child-
hood or adolescence, but even in infancy and 
childhood, MDS is more common and must be 
carefully ruled out before CDA is diagnosed. In 
the CDAs, dysplastic morphology and cytope-
nias are limited to the erythroid lineage. If neu-
tropenia, thrombocytopenia, or dysplasia in the 
granulocytic or megakaryocytic lineages is pres-
ent, a diagnosis of MDS should be strongly con-
sidered. Cytogenetics may be helpful, as well as 
clinical follow-up, because progressive disease 
over time is more suggestive of MDS.

 Other Causes of Ring Sideroblasts
By far the most frequent cause of ring sideroblasts 
in bone marrow is MDS, but other diverse condi-
tions are also associated with ring sideroblasts. 
Active alcohol abuse inhibits heme synthesis, 
resulting in the accumulation of mitochondrial 
iron as ring sideroblasts. Alcoholism may also 
cause megaloblastoid hematopoiesis due to 
dietary deficiency, as well as vacuolization of ery-
throid precursors, both findings seen in MDS 

[198]. Other reversible causes of ring sideroblasts 
include  antituberculosis drugs (especially isonia-
zid) [199], copper deficiency or zinc toxicity (see 
below) [200], and penicillamine therapy [201]. 
Ring sideroblasts have also been reported to occur 
as a transient phenomenon following cytotoxic 
chemotherapy [202]. Congenital causes of sidero-
blastic anemia are discussed earlier in this chap-
ter. In contrast to the typically macrocytic anemia 
of MDS, the anemia in most congenital sidero-
blastic anemias is microcytic and hypochromic 
and may respond to exogenous pyridoxine. 
Pearson syndrome is a mitochondrial cytopathy 
characterized by refractory sideroblastic anemia, 
vacuolated marrow erythroid precursors, and exo-
crine pancreatic dysfunction, which has an onset 
of symptoms in infancy. These congenital dis-
eases are rare and in most cases the cytopenia and 
morphologic abnormalities are restricted to the 
erythroid lineage.

 Fibrotic Bone Marrow
Mild (WHO grade 1) reticulin fibrosis in marrow 
is common in MDS, but significant marrow fibro-
sis in MDS (grade 2 or grade 3) may lead to con-
fusion with primary myelofibrosis (PMF) or 
another MPN. This distinction has important 
clinical relevance, as the two diseases have dif-
ferent clinical courses and are treated differently. 
Splenomegaly is unusual in MDS and the pres-
ence of any extramedullary hematopoiesis tends 
to favor PMF over MDS. A leukoerythroblastic 
peripheral blood smear is more suggestive of 
PMF, although this finding can also be seen in 
MDS with fibrosis. Megakaryocyte morphology 
is the most helpful feature in this distinction: 
PMF typically has clusters of abnormal mega-
karyocytes in the bone marrow biopsy that are 
enlarged and hyperchromic with bulbous nuclei 
whereas in MDS the megakaryocytes are usually 
small with hypolobated nuclei and rounded rather 
than scalloped or highly lobulated nuclear con-
tours. Mature collagen fibrosis, indicated by blue 
staining in marrow stroma on a trichrome stain, 
and osteosclerosis can be seen in advanced stages 
of PMF, but these findings are uncommon in 
MDS. Although many of the cytogenetic abnor-
malities in PMF overlap with those of MDS, 
mutation analysis can be helpful: JAK2, MPL, or 
CALR mutations are found in 80–90% of PMF 
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patients, while these mutations are rare in MDS, 
even in those cases with fibrosis [89, 203–205]. 
Advanced phases of polycythemia vera and 
chronic myeloid leukemia may also have marrow 
fibrosis, but clinical history, CBC findings, and 
genetic studies (JAK2 and BCR-ABL1 analyses) 
usually can reliably separate these entities from 
MDS.

Acute megakaryoblastic leukemia is fre-
quently characterized by marrow fibrosis and a 
proliferation of dysplastic megakaryocytes, in 
addition to megakaryoblasts. In adults, it fre-
quently evolves from MDS or has dysplastic 
background hematopoiesis, and thus may closely 
mimic MDS with fibrosis. Distinction of the two 
entities is based on the blast percentage. 
Megakaryoblasts (but not micromegakaryocytes, 
which are larger) are regarded as blast equiva-
lents. Acute panmyelosis with myelofibrosis, a 
very rare AML subtype, shows increased mar-
row fibrosis, but also has at least 20% bone mar-
row or blood blasts. Since the marrow aspirate is 
often hemodilute, review of touch preparations 
to accurately enumerate the blasts is important in 
these cases.

 Hypoplastic Bone Marrow
The distinction between hypoplastic MDS and 
aplastic anemia is often difficult. Aplastic anemia 
may display mild dysplastic morphology in 
hematopoietic progenitors [122]. Clonal prolif-
erations of cells with loss of GPI-anchored pro-
teins characteristic of PNH may be seen in both 
MDS and aplastic anemia. Recently, somatic 
mutations have been detected in approximately 
one-third of aplastic anemia patients, including 
genes that are frequently mutated in MDS, such 
as BCOR, BCORL, DNMT3A, and ASXL1 [206]. 
In MDS, the dysplastic features tend to be more 
prominent than in aplastic anemia and the cyto-
penias are disproportionate to the degree of hypo-
cellularity. In particular, the presence of frequent 
dysplastic micromegakaryocytes strongly favors 
MDS. Identification of micromegakaryocytes in 
the bone marrow biopsy section is facilitated by 
use of immunostains such as CD61. In addition, 
any persistent clonal cytogenetic abnormalities 
favor MDS. CD34 immunostaining on the bone 
marrow is useful at distinguishing hypoplastic 

MDS from aplastic anemia, since CD34 cells are 
not increased in aplastic anemia, whereas they 
are increased in the subset of hypoplastic MDS 
with excess blasts [87].

 Other Myeloid Neoplasms Mimicking MDS
Most patients with MDS and neutropenia are 
unable to mount a significant leukocytotic 
response to an infection. Nevertheless, some 
MDS patients with a superimposed infectious or 
inflammatory process may develop a leukemoid 
reaction, mimicking a MDS/MPN overlap dis-
ease such as chronic myelomonocytic leukemia 
(CMML, if monocytosis is also present) or atypi-
cal CML, BCR-ABL1 negative. The presence of 
persistent leukocytosis (≥13 × 109/L) or absolute 
monocytosis (≥1 × 109/L) at diagnosis excludes 
MDS and requires classification as MDS/MPN or 
MPN. However, some MDS patients subse-
quently develop monocytosis resembling CMML, 
which is considered to represent a type of disease 
progression that must be distinguished from a 
superimposed transient reactive condition [207]. 
The presence of a known infectious or inflamma-
tory stimulus in an MDS patient with new leuko-
cytosis should raise suspicion for a leukemoid 
reaction. Treatment of the underlying process 
results in resolution of a leukemoid reaction and 
reversion to peripheral blood counts typical of 
the underlying MDS.

Three cytogenetically-defined subtypes of 
AML can present with <20% bone marrow and 
peripheral blood blasts, potentially mimicking 
MDS with excess blasts. Cytogenetics per-
formed on bone marrow sample is essential in 
the evaluation of all MDS in order to evaluate 
for PML-RARA, inv(16)/t(16;16), and t(8;21). 
Clues to suspecting one of these low-blast count 
AMLs include frequent promyelocytes with 
Auer rods in AML with PML-RARA, abnormal 
eosinophils with mixed eosinophilic-basophilic 
granules and monocytic blast morphologic in 
AML with inv(16)/t(16;16), and blasts with 
“salmon- colored” cytoplasm, fine granules, and 
Auer rods in AML with t(8;21). These AML 
entities tend to occur in a much younger age 
population compared to MDS [208]. Whether or 
not myeloblasts are increased, it is critical to dis-
tinguish MDS cases with erythroid predomi-
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nance, in which erythroid elements are increased 
and dysplastic but exhibit complete maturation 
(Fig. 2.28), from pure erythroid leukemia, in 
which erythroid maturation is arrested and there 

is a proliferation of primitive erythroblasts. Pure 
erythroid leukemia is a highly aggressive AML 
subtype with very short survival and nearly uni-
versal highly complex karyotypes [209].

a b

c d

e f

Fig. 2.28 MDS with multilineage dysplasia and ery-
throid predominance, with a striking left-shifted erythroid 
proliferation mimicking pure erythroid leukemia. (a) In 
most areas of the marrow biopsy, erythroids exhibit matu-
ration, with frequent dysplastic nuclear irregularities. 
(b) Clusters of primitive cells (lower middle portion of 
image) are present multifocally. (c) On high magnifica-
tion, the cohesive nature of the clusters and elongated 

nucleoli suggest early erythroid forms. Immunostains for 
E-cadherin (d) and glycophorin (e) are positive in the 
primitive cells, confirming erythroid lineage, while 
myeloperoxidase immunostain (f) and CD34 (not shown) 
are negative. Focal clusters of erythroblasts do not war-
rant a diagnosis of pure erythroid leukemia. Classification 
of erythroid-rich MDS cases depends on the percentage of 
myeloblasts, which were not increased in this case
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 Overview

The inherited bone marrow failure syndromes 
(IBMFS) are a group of genetic disorders associ-
ated with inadequate production of one or more 
blood cell lineages (Table 3.1). These disorders 
are rare and heterogeneous, but are clinically 
important due to cytopenias and propensity to 
progress to severe aplastic anemia, myelodys-
plastic syndromes, acute leukemia, and other 
malignancies. Broadly, IBMF syndromes can be 
divided into multilineage cytopenias (Fanconi 
anemia, dyskeratosis congenita, Shwachman- 
Diamond syndrome, congenital amegakaryocytic 
thrombocytopenia), unilineage cytopenia 
(Diamond-Blackfan anemia, severe congenital 
neutropenia, thrombocytopenia with absent 
radii), and congenital dyserythropoietic anemia. 
The incidence of IBMFS may be difficult to 
assess due to the absence of large-scale epidemi-

ologic studies. However, the current literature 
and large-center studies suggest an annual inci-
dence of 65 per million live births [1].

The gene mutations responsible for these con-
ditions often impact the development and/or func-
tion of other tissues, resulting in birth defects or 
clinical disease in organs other than the bone mar-
row (BM). Sometimes, the birth defects are 
observed prior to the diagnosis of the marrow fail-
ure. These disorders may be present at birth (con-
genital) or may manifest at a later stage of life. 
Although inherited in the majority of patients, a 
de novo gene mutation acquired during early 
embryogenesis may also occur. Appropriate diag-
nosis and classification of these disorders have 
multiple implications in genetic counseling, man-
agement/treatment, and clinical surveillance. 
These implications are shown in Table 3.2.

IBMFS may be inherited as autosomal domi-
nant, autosomal recessive, or X linked. As men-
tioned above, sporadic cases without a family 
history may occur as well. The defect may 
involve various cell functions, such as cell cycle 
control, DNA repair, ribosomal assembly and 
function, telomere maintenance, intracellular 
 signaling, and protein folding (Fig. 3.1). Recent 
molecular genetic advances have identified genes 
commonly involved in these disorders, advancing 
our understanding of their pathophysiology. 
Inherited or de novo germline mutations in cer-
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Table 3.1 Common inherited bone marrow failure syndrome summary

Disorder Inheritance Associated malignancy Affected cellular pathway
Fanconi anemia AR (except 

FANCB 
X-linked)

MDS, AML, SCC, Wilms 
tumor, brain tumors

DNA repair

Dyskeratosis congenita XL, AD, AR MDS, AML, SCC, other 
solid tumors

Telomere maintenance

Shwachman-Diamond syndrome AR MDS, AML, possibly ALL Ribosomal assembly

Diamond-Blackfan anemia AD (except 
GATA1 related, 
X-linked)

MDS, AML, 
osteosarcoma, colon 
carcinoma, possibly others

Ribosomal biogenesis

Congenital dyserythropoietic 
anemia (CDA)

AR (types I and 
II), AD (types III 
and IV)

Possible myeloma with 
type III

Unfolded protein response, 
cytokinesis, erythroid 
transcription factor

Severe congenital neutropenia 
ELANE mutation

AD MDS/AML Unfolded protein response

Congenital amegakaryocytic 
thrombocytopenia

AR MDS, possible ALL Megakaryopoiesis

Thrombocytopenia with absent 
radii

AR AML, possibly ALL Possible mRNA processing

Familial platelet disorder with 
associated myeloid malignancy 
(RUNX1)

AD MDS, AML Possibly hematopoietic 
stem cell differentiation

GATA2 deficiency AD MDS, AML Hematopoietic stem cell 
differentiation

AR autosomal recessive, AD autosomal dominant, XL, X-linked, DNA deoxyribose nucleic acid, mRNA messenger 
ribose nucleic acid, AML acute myeloid leukemia, ALL acute lymphoblastic leukemia, MDS myelodysplastic syndrome, 
SCC squamous cell carcinoma

Table 3.2 Clinical implications and significance of a diagnosis of inherited bone marrow failure 
syndromes

Clinical implications and significance
1 Genetic counseling for the patient and their family

2 Many cases may have morphologic BM features similar to acquired aplastic anemia (AAA) but will not respond 
to classic AAA treatment, such as immunosuppressant therapy

3 Some of these disorders are characterized by a predisposition for malignancies, such as myelodysplastic 
syndrome (MDS), acute leukemia, and solid tumors. Therefore, long-term follow-up is required

4 Disorders associated with ineffective erythropoiesis and BM erythroid hyperplasia, such as congenital 
dyserythropoietic anemia, may be associated with iron overload and its related complications

5 If family members are considered as donors for hematopoietic stem cell transplant, genetic screening needs to be 
performed to ensure that the donor is not a carrier or subclinically affected

6 For patients receiving hematopoietic stem cell transplant or myeloablative therapy for acute leukemia, reduced or 
alternative regimens may be instituted as the BM may be unusually sensitive to these regimens

tain genes can significantly increase the inci-
dence of myeloid neoplasms (MDS and AML) in 
affected patients and families. A major change to 
the 2016 revision of the WHO Classification is 
the addition of the section of “myeloid neoplasms 
with germline predisposition.” This category 
includes cases of MDS, myelodysplastic/myelo-
proliferative neoplasm (MDS/MPN), and acute 

leukemias that occur on the background of a pre-
disposing germline mutation. The presence of the 
specific underlying genetic defect or predisposi-
tion syndrome should raise awareness of the need 
to screen family members for these aberrations. 
In the first part of this chapter, we review the epi-
demiology, clinical presentation, laboratory tests, 
and complications of these disorders. In the sec-
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ond part, we discuss the recent recognized WHO 
category “myeloid neoplasms with germline pre-
disposition.” This will be followed by myeloid 
proliferations associated with Down syndrome.

 Inherited Bone Marrow Failure 
Syndromes

 Fanconi Anemia

Fanconi anemia (FA) is a chromosomal instability 
disorder with variable clinical presentations, 
which include congenital anomalies, progressive 
pancytopenia, and cancer susceptibility. FA was 
named after the Swiss pediatrician Guido Fanconi, 
who described the syndrome in 1927 [2]. The 

incidence of FA is difficult to ascertain. The 
Fanconi Anemia Research Fund, Inc., estimates 
that about 30 persons with FA are born in the 
United States each year; this indicates that the 
prevalence of FA is about 2.5 per million and the 
carrier frequency is approximately 1 in 180. A 
high prevalence of FA is found in individuals of 
Ashkenazi Jewish descent, who have an approxi-
mate heterozygous frequency of 1 in 77 [3, 4].

 Clinical Features
The diagnosis of FA should be considered in 
patients with congenital anomalies, aplastic ane-
mia, or a family history of bone marrow failure or 
cancer susceptibility. The median age of diagnosis 
is 6.5 years, but ranges from birth to well into adult-
hood. Approximately 40% of patients have no 

GATA 1
related disorder

DBA
CDA

GATA 2 deficiency
Immunodeficiency

Lymphedema
MDS/AML

Telomere
maintenance

disorder
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Ribosomal
related disorder

SDS
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mRNA maturation
and processing
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TAR

DNA repair
disorder
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Fig. 3.1 Schematic representation of common inherited 
bone marrow failure syndromes and the associated genetic 
abnormalities. DBA Diamond-Blackfan anemia, CDA 
Congenital Dyserythropoietic Anemia, DC Dyskeratosis 
congenita, SDS Shwachman-Diamond syndrome, TAR 

Thrombocytopenia with absent radii, FA Fanconi ane-
mia, CN Cyclic neutropenia, SCN Severe congenital 
neutropenia, CAMT Congenital amegakaryocytic 
thrombocytopenia

3 Inherited Bone Marrow Failure Syndromes, Myeloid Neoplasms with Germline Predisposition



84

reported physical findings. The male-to- female 
ratio is 1.2:1. Aplastic anemia or malignancy may 
be the presenting diagnoses of the underlying FA in 
the absence of physical anomalies or prior family 
history. The manifestations of FA can vary between 
affected members of the same family, suggesting 
that additional genetic, epigenetic, or environmen-
tal factors likely influence the disease characteris-
tics and clinical course [5]. Short stature and 
cutaneous manifestations, such as generalized 
hyperpigmentation, café au lait spots, and hypopig-
mentation, are seen in approximately 40% of 
patients [6]. Thumb abnormalities are also com-
mon and are seen in approximately 35% of patients. 
These include absent or hypoplastic, bifid, dupli-
cated,  rudimentary, attached by a thread, triphalan-
geal, long, and low-set thumbs. Renal abnormalities, 
such as horseshoe, ectopic, pelvic, or hypoplastic 
kidneys, are reported in 20%.

Progressive bone marrow failure is one of the 
hallmarks of FA, although the hematologic find-
ings vary. Thrombocytopenia and macrocytosis of 
red blood cells often precede anemia and neutro-
penia. The majority of FA patients (53%) already 
have pancytopenia at the time of diagnosis [2]. In 
a 2003 report from the International FA Registry 
that included 754 patients, 80% had BM failure at 
the time of enrollment; the cumulative incidence 
was 90% by age 40 years [7]. Elevated hemoglo-
bin F levels and elevated expression of “i” antigen 
on red cells usually coincide with the macrocyto-
sis and are likely manifestations of stress hemato-
poiesis. Serum alpha-fetoprotein levels are 
consistently elevated in FA patients irrespective of 
the presence of liver abnormalities. Erythropoietin 
levels are usually elevated in anemic FA patients.

The risk of cancer is about 500–700 times 
higher than in the normal population. By the age 
of 40 years, the cumulative incidence of solid 
tumors is estimated to be 26–30% [8]. The 
median age at development of cancer is 16 years, 
contrasting with 68 years for the same types of 
cancer in the general population. The cumulative 
incidence of myelodysplastic syndrome (MDS) 
in FA patients is approximately 30% and that of 
acute leukemia is about 10% by the age of 40 to 
50 years. The leukemias are usually acute 
myeloid leukemia (AML), although patients with 

acute lymphoblastic leukemia (ALL) and chronic 
myelomonocytic leukemia (CMML) have been 
described. HSCT is the only curative therapy for 
the hematologic manifestations of FA.

Patients with FA are unusually sensitive to the 
toxicity of the usual chemotherapy and radiation 
regimens used in preparation for HSCT, particu-
larly organ toxicity and graft-versus-host disease 
[5]. In addition, these regimens confer an 
increased risk of subsequent malignancies, pri-
marily squamous cell carcinomas of the head 
and neck. For FA patients who survive the hema-
tologic complications, follow-up surveillance 
for solid malignant tumors becomes increasingly 
important. The most common solid tumors in FA 
patients are head and neck carcinoma, hepato-
cellular carcinoma, and gynecological malignan-
cies. The risk increases with age.

 Morphology
Bone marrow specimens taken in infancy and 
early childhood may be normocellular with meg-
aloblastic features; but by mid to late childhood, 
the BM often shows hypoplasia or aplasia. The 
BM at the aplastic stage shows reduced or com-
pletely depleted trilineage hematopoiesis, find-
ings that are indistinguishable from those 
idiopathic/acquired AA. Rare patients present 
first with hypoplastic MDS or AML, without a 
prior documented aplastic phase. The differential 
diagnosis between hypoplastic MDS and AA in 
FA patients can follow the recommendations 
listed in Table 3.4 of Chap. 4.

 Immunophenotype
While a paroxysmal nocturnal hemoglobinuria 
(PNH) clone is detected in 40–50% of idiopathic 
AA, PNH clones are not present in patients with 
Fanconi anemia with BM failure. In FA patients 
with MDS, the CD34+ myeloblasts show a num-
ber of abnormalities, including a decrease/
absence of hematogones as well as other abnor-
malities, similar to those found in the blasts of 
MDS, or other myeloid neoplasms (see Chap. 2).

 Cytogenetics and Molecular Genetics
The diagnosis of FA is based on the demonstra-
tion of increased chromosomal breakage in the 
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presence of DNA cross-linking agents, such as 
mitomycin C (MMC) or diepoxybutane (DEB). 
DEB is preferred in some centers, since it is 
 associated with less variability in chromosomal 
breakage among normal controls. The chromo-
somal breakage test is usually performed on 
metaphase spreads of peripheral blood lympho-
cytes cultured with MMC or DEB. FA heterozy-
gous carriers cannot be reliably detected with 
chromosomal breakage tests [5]. Some patients 
have somatic mosaicism for the FA genetic 
defect, and these patients may require testing 
skin fibroblasts for chromosomal breakage.

Pathogenetic variants in at least 20 different 
DNA repair genes of the FA/BRCA pathway 
have been shown to cause FA [9]. The majority of 
FA is inherited in an autosomal recessive manner. 
There is only one gene to date (FANCB), which is 
inherited in an X-linked manner. Somatic mosa-
icism can occur in some patients due to hemato-
poietic reversion, in which a point mutation or an 
intragenic recombination in a hematopoietic stem 
cell leads to correction of one FA allele and a 
consequent recovery of a normal or subnormal 
protein activity and the cellular phenotype. 
FANCA is the most common mutation, affecting 
approximately 60% of FA patients. The FA/
BRCA DNA repair pathway repairs DNA inter-
strand cross-links (ICLs), which are covalent 
links between strands of DNA that interfere with 
DNA replication and transcription during cell 
mitosis. ICLs are produced by endogenous chem-
icals, such as reactive aldehydes, and environ-
mental exposures, including natural psoralens 
and DNA cross-linking drugs, such as cisplatin. 
During mitosis, double-strand DNA gradually 
separates, creating a replication fork. When an 
ICL is encountered, polymerization is arrested 
and FANCM is recruited to the unwound DNA 
near the arrest site. This step is followed by the 
assembly of the FA core complex, which is com-
prised of FANC A, -B, -C, -E, -F, -G, and -L in 
addition to other proteins, including FAAP20, 
FAAP24, and MHF [10]. Once assembled, the 
core complex interacts with FANCL to catalyze 
the monoubiquitination of FANCD2 and 
FANCI. Monoubiquitination of FANCD2 and 
FANCI is clearly a critical step in ICL repair [9].

Patients with the FANCD1/BRCA2 subtype 
constitute 3–4% of all FA patients and manifest 
an especially high rate of early-onset AML and 
specific solid tumors (brain tumors and Wilms 
tumor) compared with other FA subtypes.

Clonal cytogenetic abnormalities are found in 
34–48% of FA patients. Fluctuations in karyotype 
are frequently observed, including the disappear-
ance of clones, appearance of new clones, and 
clonal evolution. The most frequent chromosomal 
abnormalities in MDS occurring in FA patients are 
1q+, 3q+, −7/7q, 11q−20q−, 6, 13, and 21q− [2].

 Differential Diagnosis
A diagnosis of Fanconi anemia is established by 
a clinical suspicion with characteristic physical 
features and confirmed by chromosomal break-
age testing that is quite sensitive for FA. However, 
about 25% of FA may not have the typical physi-
cal findings and additionally chromosomal break-
age testing is not entirely specific for 
FA. Furthermore, FA tests can be falsely negative 
in patients who develop hematopoietic reversion 
and somatic mosaicism [11]. Several differential 
diagnoses should be considered.

Acquired aplastic anemia occurs frequently in 
children aged 5–15 years, similar to the age at 
which FA is often diagnosed. As mentioned 
above, FA patients may not have the typical phys-
ical findings and bone marrow failure may be the 
first manifestation of FA [12]. Moreover, the BM 
findings are indistinguishable between acquired 
AA and BM aplasia developed in FA. The pres-
ence of a PNH clone would essentially rule out 
FA and favor a diagnosis of acquired AA. Acquired 
AA typically has a more rapid onset and progres-
sion of cytopenias, lack of congenital anomalies 
and endocrine features of FA, a normal chromo-
somal breakage test, and lack of pathogenic 
germline mutations in FA genes. Unlike FA 
patients, AA patients usually respond to immu-
nosuppressive therapy.

Other inherited bone marrow failure syn-
dromes that present with BM failure include 
dyskeratosis congenita, reticular dysgenesis, 
Shwachman-Diamond syndrome, congenital 
amegakaryocytic thrombocytopenia, and 
Diamond-Blackfan anemia. These inherited BM 
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failure syndromes have characteristic physical 
findings and molecular genetic alterations spe-
cific for the disease (see Table 3.1) and a negative 
chromosomal breakage test.

Rare non-FA chromosomal breakage syn-
dromes such as Nijmegen breakage syndrome, 
Bloom syndrome, and ataxia telangiectasia often 
demonstrate increased sensitivity to ionizing 
radiation and variable sensitivity to DNA cross- 
linking agents that often cause an abnormal result 
with chromosomal breakage testing. However, 
these patients show different physical anomalies 
and usually do not present with BM failure. 
Nevertheless, FA gene sequencing is recom-
mended for all patients with a positive chromo-
somal breakage testing result.

 Dyskeratosis Congenita

Dyskeratosis congenita (DC) is an inherited 
multi-organ disorder of the mucocutaneous and 
hematopoietic systems associated with a wide 
variety of other somatic abnormalities. It is now 
known that DC patients have a cellular defect in 
telomere maintenance. Originally, it was consid-
ered a dermatologic disease and was termed 
Zinsser-Cole-Engman syndrome. DC shows sig-
nificant genetic and phenotypic heterogeneity. 
The traditional diagnostic ectodermal triad con-
sists of reticular skin pigmentation of the upper 
body, mucosal leukoplakia, and nail dystrophy. 
The skin and nail findings usually become appar-
ent during the first 10 years of life, but the leuko-
plakia is observed later. These manifestations 
tend to progress as patients get older.

About 550 cases have been reported in the lit-
erature. The incidence of DC in childhood is about 
four cases per million per year. The male:female 
ratio is 3.2:1 reflecting the X-linked recessive 
mode of inheritance in some patients [6].

 Clinical Features
The severity of the clinical phenotype can vary 
widely in affected members of the same family. 
Most of the somatic abnormalities are not present 
early in life but rather develop progressively with 
age. The skin pigmentation is seen in >90% of 

patients and is typically reticular and mottled in 
appearance; it may be localized or widespread. 
Nail dystrophy is also frequent (>80% of patients) 
and varies in severity from minimal nail irregu-
larities to progressive atrophy and even complete 
nail loss. Mucosal leukoplakia occurs frequently 
as well (>70% of patients) and typically involves 
the tongue, buccal mucosa, and oropharynx, with 
the tongue being the most frequently affected 
site. The median age of onset of the classical triad 
of abnormal skin pigmentation, nail dystrophy, 
and leukoplakia is between 6 and 8 years (range 
0.5–26 years) [2, 5].

Cytopenias of one or more lineages are seen 
in approximately 85% of patients at presenta-
tion. Thrombocytopenia and anemia are often 
the first signs of bone marrow failure. Of note, 
cytopenias in early childhood are not necessar-
ily due to bone marrow aplasia, but rather may 
be immune mediated or caused by organ dys-
function and/or bleeding. Some patients present 
early in life with isolated immune-mediated 
cytopenia involving single lineage, only to 
develop pancytopenia in later childhood or ado-
lescence. Overall, the median age of onset of 
pancytopenia is 8 years, with 50% developing 
pancytopenia before the age of 10 and 95% by 
the age of 40. BM failure or its associated com-
plications accounted for the majority of deaths 
in DC patients.

Approximately 20% of patients develop pul-
monary disease with pulmonary fibrosis and vas-
cular abnormalities and pulmonary disease 
account for nearly 10% of deaths in DC patients; 
pulmonary complications may also occur post- 
HSCT. Gastrointestinal findings, such as esopha-
geal strictures, hepatomegaly, or cirrhosis, are 
seen in 10% of cases. Immune abnormalities are 
common, particularly in children with severe 
and early-onset disease. These include low or 
high immunoglobulin levels, reduced numbers 
of B or T cells, and reduced lymphocyte stimula-
tion by phytohemagglutinin. Cognitive deficien-
cies, including learning disorders, are common 
in classic DC patients. Eye abnormalities are 
observed in approximately 50% of cases and 
include excessive tearing (epiphora) secondary 
to nasolacrimal duct obstruction. Other ophthal-
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mologic manifestations include conjunctivitis, 
blepharitis, loss of eyelashes, strabismus, cata-
racts, and optic atrophy.

Among patients in the DC registry, malignan-
cies were noted in 13 out of 148 patients (8.8%). 
These malignancies developed in older patients, 
generally after the second decade of life. A recent 
report from the National Cancer Institute cohort 
identified similar cancer risks in FA and DC, with 
cumulative incidences of 20–30% for solid 
tumors by age 50 years and 10% for AML by age 
40 years. The majority of tumors in DC are head 
and neck squamous cell carcinoma [8].

The only curative treatment for BM failure, 
MDS, and AML in DC remains HSCT. Androgens 
improve BM function in approximately 50% of 
patients. A small number of patients may respond 
to G-CSF administration, with significant 
increase in neutrophil counts.

 Morphology
The bone marrow findings may be dictated by the 
cause of the cytopenias (either as a result of 
immune dysregulation, organ dysfunction, or 
bleeding). The bone marrow cellularity may be 
normal or even increased early in the disease. At 
the advanced stages, the BM is typically hypocel-
lular with depletion of all three lineages. Rarely 
hypoplastic MDS or AML may be diagnosed at 
the first BM examination. Periodic bone marrow 
examination is important for surveillance in the 
management of DC patients.

 Immunophenotype
Telomere length analysis using multicolor flow 
cytometric fluorescent in situ hybridization 
(Flow-FISH) is a useful diagnostic screen for 
DC. DC patients exhibit very short telomeres 
(<1st percentile of age-matched controls) in mul-
tiple lymphocyte subsets. Like other inherited 
BM failure syndromes [13, 14], a PNH clone is 
not detected in dyskeratosis congenita because 
these inherited BM failure syndromes do not 
select for the outgrowth of PNH clones.

 Cytogenetics and Molecular Genetics
DC is caused by abnormalities in the telomere 
maintenance system or its protective cap, also 

known as shelterin. Telomerase is an enzyme that 
adds DNA sequences to the ends of chromo-
somes (the telomeres) to prevent loss of terminal 
repeats (TTAGG) during DNA replication. 
Telomerase enzyme contains two core compo-
nents, a reverse transcriptase, also known as 
TERT (telomere reverse transcriptase) and a 
ribose nucleic acid (RNA) molecule, also known 
as TERC (telomerase RNA component), which 
acts as a template for the synthesis of telomere 
repeats. Telomeres are important for the preven-
tion of chromosomal fusions and rearrangements, 
which may explain why spontaneous unbalanced 
chromosomal rearrangements occur in fibroblasts 
and hematopoietic cells from DC patients. While 
telomerase activity is high early in development, 
in later life it is detectable only in a subset of tis-
sues with dividing cells, including the progenitor 
cells of the hematopoietic system, basal layer of 
the epidermis, intestinal cells, and hair follicles. 
These tissues mirror those most severely affected 
in DC patients. Telomere loss has also been 
implicated in contributing to the process of aging 
and DC could be considered to represent a form 
of premature aging of tissues with a high replica-
tive requirement [5].

There are four distinct genetic forms of DC: 
X-linked, autosomal dominant, autosomal reces-
sive, and sporadic. The X-linked is the most com-
mon form and is almost always due to single-point 
mutation in the DKC1 (Xq28) gene encoding the 
protein dyskerin. Autosomal dominant forms 
may be caused by mutations in the TERT, TERT, 
or TINF2 genes. The latter encodes a shelterin 
component known as TIN2 and may be associ-
ated with a severe form of DC and also with 
Revesz syndrome, which manifests as exudative 
retinopathy in association with DC. Autosomal 
recessive DC is usually inferred when neither 
parent has any signs of DC but two or more chil-
dren have the disease or when the parents of an 
affected child are consanguineous. Some families 
originally thought to have autosomal recessive 
DC were found to actually have autosomal domi-
nant inheritance with variable penetrance and 
expressivity. The most common recessive forms 
of DC are due to mutations in CTC1 and RTEL. 
Rare cases of autosomal recessive DC are due to 
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biallelic mutations in TERT, TERC, NOP10, 
NHP2, or WRAP53. Biallelic TERT mutations 
can result in a severe form of DC called Hoyeraal- 
Hreidarsson syndrome, which is characterized by 
hematologic and dermatologic manifestations of 
DC in addition to cerebellar hypoplasia. DC may 
also arise sporadically, with an absence of family 
history. Most cases due to TINF2 mutations are 
sporadic, due to the fact that most patients with 
this severe form of DC do not reproduce.

Clonal BM cytogenetic abnormality is not a 
feature of most of the DC cases. However, similar 
to Fanconi anemia patients, clonal cytogenetic 
abnormalities may be observed in some patients 
with DC, which can be either stable or fluctuating 
over many years [6]. The presence of abnormali-
ties on BM karyotype should not be used as pre-
sumptive evidence for an MDS diagnosis or to 
drive the decision to perform HSCT.

 Differential Diagnosis
A diagnosis of DC can be established in any of the 
following conditions: (1) Patients have classic 
mucocutaneous triad, including dystrophic nails, 
lacy reticular pigmentation, and oral leukoplakia. 
(2) One of the mucocutaneous findings, plus bone 
marrow failure, plus two other multisystemic fea-
tures known to occur in DC that include epiphora, 
developmental delay or mental retardation, pul-
monary disease, periodontal disease, esophageal 
stricture, premature hair greying or loss, hyperhi-
drosis, or development of malignant lesions. (3) 
Four or more features of the Hoyeraal-Hreidarsson 
syndrome. (4) AA, MDS, or pulmonary fibrosis in 
the setting of a known genetic alteration affecting 
telomerase function. (5) Two or more features of 
DC and laboratory evidence of short telomeres in 
several lymphocyte subsets. The differential diag-
noses, similar to Fanconi anemia, include acquired 
BM failure, and other inherited BM failure syn-
dromes. In sporadic MDS or AML, the neoplastic 
cells may have very short telomeres on diagnostic 
testing, but these short telomeres are only in the 
hematopoietic cells, not lymphocytes or skin 
fibroblasts. Unlike DC, sporadic MDS/AML is 
not associated with mucocutaneous abnormalities 
of DC or pathogenic mutations affecting telomer-
ase components.

 Shwachman-Diamond Syndrome

Shwachman-Diamond syndrome (SDS) is a rare 
autosomal recessive multisystem disorder char-
acterized by exocrine pancreatic insufficiency, 
BM dysfunction, and skeletal abnormalities, first 
described in the 1960s. Most recent data suggest 
an equal distribution between genders as expected 
from an autosomal recessive disorder. Based on 
data from the Canadian Registry, SDS is the third 
most common inherited BM failure syndrome 
with an incidence of 8.5 cases per million live 
births [1].

 Clinical Features
SDS is characterized clinically by the combina-
tion of exocrine pancreatic insufficiency and BM 
failure. Exocrine pancreatic insufficiency typi-
cally presents in infancy with failure to thrive 
accompanied by loose, foul-smelling stools as 
indicators of steatorrhea. Fecal fat measurements 
may be helpful, but a normal test does not rule 
out the diagnosis of SDS, since exocrine pancre-
atic function may improve in a subset of patients 
with age. Fecal elastase may be decreased, but 
the sensitivity of this test as a screen for SDS 
remains to be ascertained. Imaging studies and 
pathologic examination of the pancreas in 
patients with SDS show fatty replacement of the 
pancreatic acini, with sparing of the ducts and 
islets. Deficiencies in fat-soluble vitamins (vita-
mins A, D, E, and K) may be seen. Exocrine pan-
creatic insufficiency can be tested by serum 
trypsinogen, which is generally depressed in SDS 
patients at any age, although it may improve with 
time. Isoamylase levels remain low after the age 
of 3 and are useful in this older age group.

Neutropenia (absolute neutrophil count 
<1.5 × 109/L) is the most common hematologic 
finding in SDS and has been reported in 80–100% 
of patients, with approximately 50% of patients 
manifesting severe neutropenia (absolute neutrophil 
count <0.5 × 109/L) [2]. Neutropenia may be either 
intermittent or persistent. In some SDS patients, 
neutrophils demonstrate abnormalities in chemo-
taxis and migration [15]. Patients are predisposed to 
infections, particularly bacterial and fungal. 
Abnormalities of T or B cells have also been 
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reported and may contribute to infectious complica-
tions. Macrocytic anemia and/or thrombocytopenia 
may also be seen and a subset of SDS patients 
develop aplastic anemia. SDS is characterized by a 
high propensity to develop MDS and leukemia, par-
ticularly AML. The overall incidence of combined 
MDS and AML in patients with SDS ranges from 8 
to 33%. Due to the high incidence of developing 
MDS or AML, regular blood counts should be mea-
sured every 3–6 months to monitor the cytopenias.

Skeletal imaging studies may reveal a wide 
variety of abnormalities, which are often asymp-
tomatic, although metaphyseal dysostosis may 
require treatment [5]. Hepatic abnormalities, 
including elevated liver enzymes and occasion-
ally hepatomegaly, can be observed. Many 
patients with SDS suffer from neurocognitive 
deficits and psychosocial dysfunction. Dental 
abnormalities are also common. SDS patients 
may have some endocrine abnormalities, such as 
diabetes mellitus and growth hormone deficiency, 
and commonly have short stature.

Two international consensus reports have pro-
vided adequate guidelines for the diagnosis of 
SDS. One report was published prior to the iden-
tification of the SBDS gene [16] while a more 
recent report has included the use of genetic con-
firmation in the diagnostic criteria [15]. Both 
reports have used clinical and laboratory findings 
of BM failure and exocrine pancreatic insuffi-
ciency. At present, the only curative option for 
severe BM failure in SDS is HSCT, which may 
be indicated in patients with severe or symptom-
atic cytopenia, MDS with excess blasts, or acute 
leukemia [1].

 Morphology
The current guidelines suggest performing annual 
BM biopsies for patients treated with G-CSF and 
biopsies every 1–3 years for patients with stable 
blood counts who are not receiving G-CSF [2]. 
The BM is usually hypocellular, but cases show-
ing normal or even increased cellularity have also 
been observed, particularly early in the course of 
disease. The BM usually shows granulocytic 
hypoplasia with left-shifted granulopoiesis. Mild 
dysplastic changes, particularly in the granulo-
cytic lineage, are commonly observed [17]. 

However, prominent multilineage dysplasia is 
unusual, and if identified it may indicate an evo-
lution to MDS.

 Immunophenotype
Similar to other inherited BM failure syndrome, a 
PNH clone is not detected in Shwachman- Diamond 
syndrome [13, 14]. Immunohistochemistry shows 
a reduced or diminished SBDS protein expression 
in all hematopoietic cell lineages and correlates 
with SBDS mutations [18]. SBDS expression is 
normal in patients with acquired AA and other 
inherited BM failure syndromes.

 Cytogenetics and Molecular Genetics
SDS is inherited as autosomal recessive. It is 
caused by mutation in the SBDS gene on chro-
mosome 7q11. There is an adjoining pseudo-
gene (SBDSP) with 97% homology in its coding 
regions to SBDS. The SBDS gene encodes a 
250-amino-acid protein product which is a 
member of a highly conserved protein family. 
The common SBDS mutations are composed of 
sequences that are homologous to SBDSP. 
Hence, these mutations are believed to result 
from recombination events whereby segments 
of SBDSP become incorporated into wild-type 
SBDS and interfere with its function, a process 
also known as gene conversion [1]. SBDS pro-
tein plays a major role in ribosomal assembly. 
The nascent large (60S) ribosomal subunit 
undergoes an ordered series of final maturation 
steps in the cytoplasm before it becomes com-
petent to enter translation. Once mature, large 
(60S) and small (40S) ribosomal subunits com-
bine to form an active translating ribosomal unit 
(80S). The large ribosomal units (S60) travel to 
the cytoplasm with an attached anti-association 
factor known as eukaryotic initiation factor 6 or 
eIf6. This factor must be removed in order to 
allow for the proper association of both ribo-
somal units. Under normal circumstances, 
SBDS directly interacts with the GTPase elon-
gation factor-like 1 (EFL1). The interaction pro-
motes eIF6 removal from the 60S subunit by a 
mechanism that requires guanosine triphosphate 
(GTP) binding and hydrolysis by EFL1. When 
SBDS protein is dysfunctional, ribosomal 
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assembly is impaired resulting in major cellular 
dysfunction [19].

BM karyotype is usually normal and the 
acquisition of clonal abnormalities is often 
associated with development of MDS or 
AML. Chromosomal abnormalities, in particu-
lar monosomy 7, are associated with poor out-
comes and may be an indication for HSCT; 
however, i(7q) has questionable prognostic sig-
nificance in SDS patients.

 Differential Diagnosis
A clinical diagnosis of SDS is based on the 
findings of bone marrow failure and exocrine 
pancreatic dysfunction that are not attributable 
to other known causes. According to the con-
sensus criteria guideline [15], cytopenia can be 
of any lineages, either neutropenia, anemia, or 
thrombocytopenia, but they have to be shown at 
least two occasions over a 2-month period. 
Pancreatic dysfunction is based on reduced lev-
els of pancreatic enzymes. The detection of 
biallelic (homozygous or compound heterozy-
gous) SBDS mutations confirms a clinical diag-
nosis of SDS and may allow an early diagnosis 
of SDS before it becomes clinically evident. 
However, a negative result does not exclude a 
diagnosis of SDS.

The differential diagnosis includes other 
inherited and acquired causes of marrow failure 
as well as other causes of exocrine pancreatic 
insufficiency, such as cystic fibrosis, Pearson syn-
drome, and cartilage hair hypoplasia. Pearson 
syndrome is caused by mitochondrial DNA 
abnormalities, due to either large deletions or 
rearrangements. Patients with Pearson syndrome 
present with pancytopenia, pancreatic insuffi-
ciency, lactic acidosis, and failure to thrive. 
Unlike SDS, the BM Pearson syndrome often 
shows a normal cellularity, numerous ring sidero-
blasts, and cytoplasmic vacuoles in myeloid pre-
cursors; the pancreas shows fibrosis rather than 
lipomatosis; and genetic testing reveals mito-
chondrial gene defects rather than SBDS muta-
tions. Patients with cystic fibrosis, in addition to 
pancreatic insufficiency, often have lung disease, 
biliary cirrhosis, and infertility and do not have 
bone marrow failure.

 Diamond-Blackfan Anemia

Diamond-Blackfan anemia (DBA) is a rare inher-
ited BM failure syndrome of early infancy, affect-
ing seven per million live births [20]. The disorder 
manifests as severe and isolated anemia due to 
pure red cell aplasia in a normocellular marrow. 
There are associated physical abnormalities 
which may be noted at the time of diagnosis or 
may become recognizable only after thorough 
physical examination. There is an increased inci-
dence of cancers, specifically MDS, AML, colon 
cancer, osteosarcoma, and gynecologic cancers 
[6]. Recent studies have identified the genes 
involved in this entity as mostly related to ribo-
some biogenesis and function [21].

 Clinical Features
Patients develop severe isolated anemia at a 
median age of 3 months, with ≥98% identified 
within the first year of life [6]; a very small subset 
of patients may present later in life (up to 64 years 
of age), making the diagnosis very challenging 
[20]. Asymptomatic carriers have also reported, 
reflecting incomplete penetrance [22]. There is 
no predilection for gender.

Patients with DBA have reticulocytopenia and 
increased level of hemoglobin F as well as 
 erythrocyte adenosine deaminase (eADA). White 
blood cells and platelets are within normal limits. 
One-quarter of the patients have a physical birth 
defect, the most common being short stature [6]. 
The next most common abnormality is noted in 
the thumb, which may be triphalangeal, bifid, 
subluxed, or with thenar flattening, but with a 
normal radius. Additional defects include asym-
metric scapula, fusion of cervical vertebrae, 
webbed neck, genitourinary, and heart defects 
[9]. Less than 5% of patients also have cleft lip 
and/or cleft palate [6]. Presentations of physical 
abnormalities are variable and a subset of patients 
may not have any associated congenital abnor-
malities [23].

Anemia responds to corticosteroid therapy in 
up to 80% of patients. HSCT is the only cure for 
DBA. Patients with DBA are at a fivefold increased 
risk of developing cancer compared to the general 
population, with the highest risk observed for 
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MDS, followed by colon carcinoma, osteosar-
coma, AML, and genitourinary cancers [24].

 Morphology
Bone marrow examination shows a normocellular 
marrow with isolated erythroid hypoplasia/apla-
sia and no significant dysplastic features; occa-
sional very early erythroid precursors may be 
seen. Myeloid and megakaryocytic lineages are 
usually normal (Fig. 3.2), although some cases 
with mild dyspoietic features are reported [25].

 Immunophenotype
Flow cytometry study reveals both quantitative 
and qualitative defects in erythroid progenitors 
that contribute to the defective erythropoiesis in 
DBA [26]. However, these tests are limited to lab-
oratory research and are not available clinically.

 Cytogenetics and Molecular Genetics
Inheritance of DBA is primarily an autosomal 
dominant pattern. It is caused by heterozygous 
mutations in genes of ribosomal proteins (for both 
40S and 60S) [6]. Mutations of genes for the 40S 
subunit are reported in RPS19, RPS10, RPS26, 
RPS24, RPS17, RPS29, RPS28, RPS27, and 
RPS20, while mutations in genes for the 60S sub-
unit are reported in RPL11, RPL5, RPL35A, 
RPL26, RPL15, RPL31, and RPL27. Rarely, 
patients with clinical presentation as DBA have 
had mutations reported in GATA1 and YSR2 genes 
and have an X-linked inheritance pattern [22]. 

RPS19 mutation is the most common genetic 
cause of DBA and accounts for 25% of cases [9].

The complex process of ribosomal biogenesis 
and assembly begins with transcription of ribo-
somal RNA (rRNA) in the nucleus, along with 
simultaneous assembly of accessory factors (~200) 
and ribosomal proteins (~80). Pre-40S and pre-60S 
subunits are subsequently transported to the cyto-
plasm for complete assembly and function [9]. The 
mutations may lead to accumulation of free unas-
sembled ribosomal proteins, which in turn leads to 
release and stabilization of p53, causing cell cycle 
arrest or apoptosis [6]. It is further hypothesized 
that due to the lack of a nucleus in the mature eryth-
rocytes, there is a need for higher rates of ribosomal 
synthesis to sustain the life cycle of the cell; thus 
mutations affecting ribosomal biogenesis specifi-
cally affect the cells of the erythroid lineage. Recent 
studies suggest that cytosolic and mitochondrial 
accumulation of heme in DBA cells is toxic and 
may activate the apoptotic process [27].

There are no clonal cytogenetic abnormalities 
reported [25]. The presence of a persistent clonal 
cytogenetic abnormality should raise the possi-
bility of disease progression to MDS.

 Differential Diagnosis
DBA should be suspected in infants presenting 
with severe anemia and reticulocytopenia during 
the first year of life, particularly if it is accompa-
nied by congenital malformations. The latter are 
present in about half of the patients. The diagnostic 
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Fig. 3.2 Bone marrow of Diamond-Blackfan anemia. 
(a) Core biopsy shows normocellular marrow with almost 
complete absence of erythroid precursors. (b) Aspirate 

smear shows isolated marked erythroid hypoplasia/aplasia, 
with no dysplastic features in other cell lines
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criteria according to the international consensus 
group study [28] include (1) age <1 year; (2) mac-
rocytic anemia with no other significant cytope-
nias; (3) reticulocytopenia; and (4) normal BM 
marrow cellularity with a paucity of erythroid pre-
cursors. In patients who do not meet all of these 
criteria, if there is a gene mutation associated with 
DBA and a positive family history, or elevated 
eADA activity, congenital anomalies associated 
with DBA, elevated hemoglobin F, and no evidence 
of another inherited bone marrow failure syn-
drome, a probable diagnosis of DBA can be made.

The major differential diagnosis of DBA is tran-
sient erythroblastopenia of childhood (TEC), which 
usually manifests in early childhood (typically 
around 2 years of age) and is transient with sponta-
neous recovery after one or two transfusions [6]. On 
the other hand, some DBA patients may not have the 
classical presenting features of DBA, but whenever 
a suspicion of an inherited BM failure syndrome is 
raised, genomic analysis should be performed tar-
geting the genes associated with this disorder.

Patients with congenital dyserythropoietic 
anemia (CDA) also present with anemia and 
reticulocytopenia. However, unlike DBA, the 
bone marrow of CDA shows erythroid hyperpla-
sia with marked dyserythropoiesis and multinu-
cleated erythroblasts.

 Congenital Dyserythropoietic Anemias

Congenital dyserythropoietic anemias (CDAs) 
are a group of rare hereditary disorders character-
ized by congenital anemia and ineffective eryth-
ropoiesis with distinct morphologic features of 
marrow late erythroblasts, with an accompanied 
hemolytic component. CDA has four major sub-
types (CDA I–IV) that were originally defined 
based on morphology; more recently molecular 
techniques have unveiled the genes commonly 
mutated in the major CDA subtypes.

The overall prevalence of CDAs shows a wide 
range among families in Europe, with as low as 0.04 
cases per million in North Europe and as high as 
2.49 per million in Mediterranean countries such as 
Italy. Single cases are also reported from the United 
States, India, Japan, and China. CDA I is approxi-
mately three times less frequent than CDA II [29].

 Clinical Features
Congenital dyserythropoietic anemia should be sus-
pected based on the presence of symptoms and signs 
of increased red cell turnover, such as mild jaundice 
and low or absent haptoglobin, as in hemolytic ane-
mias, with a low level of reticulocytosis that does not 
correspond to the degree of anemia. CDA I patients 
show variable degrees of macrocytic anemia, hepato-
splenomegaly, skeletal abnormalities of mostly digits 
(syndactyly in hands or feet, absence of nails, or 
supernumerary toes), and progressive iron overload. 
CDA II may present as normocytic anemia, com-
bined with jaundice (90% of cases), splenomegaly 
(70% of cases), and hepatomegaly (45% of cases).

Cholelithiasis, splenomegaly, and iron over-
load are the predominant complications of CDA I 
and CDA II. Secondary hemochromatosis is the 
most important long-term complication, which is 
mediated by the downregulation of the hepatic 
hormone hepcidin, leading to increased iron 
absorption and systemic iron overload. Hence it 
is crucial to recognize early iron overload and 
intervene with iron chelation therapy.

Aplastic crisis in CDA patients may occur as a 
result of viral infections. High levels of unconju-
gated hyperbilirubinemia are due to increased 
production associated with ineffective erythropoi-
esis: 62% of CDA II patients have neonatal jaun-
dice and 84% of adult CDA II patients show 
splenomegaly. Rare CDA patients with refractory 
leg ulcers have been described; the etiology seems 
to be multifactorial, probably reflecting tissue 
hypoxia due to either anemia or thrombosis [29].

 Cytogenetic and Molecular Genetics
CDA I is an autosomal recessive disease due to 
the mutation in CDAN1 gene, which is located on 
chromosome 15 and encodes a 134-kDa ubiqui-
tous protein (codanin-1). It is speculated that 
CDA I pathogenesis involves disruption of intrin-
sic connection between cell cycle dynamics and 
terminal erythroid differentiation. In up to 20% 
of cases, no CDAN1 mutation can be identified. 
Homozygous mutations in the C15ORF41 gene 
have been reported in some pedigrees [30].

CDA II is the most common form of CDA 
and has an autosomal recessive inheritance. 
SEC23B gene, located on chromosome 20, is 
mutated in CDA II. This gene encodes COPII 
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(coat protein), a protein involved in the secretory 
pathway of eukaryotic cells, mediating antero-
grade transport of correctly folded cargo from 
the endoplasmic reticulum towards the Golgi 
apparatus. The multinucleation of erythroid pre-
cursors could be secondary to the aberrant gly-
cosylation of specific proteins required for cell 
division. Although disease inheritance is typi-
cally autosomal recessive, in 13% of cases only 
one SEC23B mutation is found, suggesting the 
presence of a second yet unidentified mutational 
event. Compound heterozygosity for missense 
and nonsense mutations tends to produce more 
severe clinical presentations.

CDA III is very rare, and has been reported in one 
American family and one large Swedish kindred. 
Both families showed autosomal dominant inheri-
tance and the same mutation, P916R, in the KIF23 
gene located on chromosome 15q21. KIF23 encodes 
a kinesin-superfamily protein which is a component 
for proper formation of central spindle and midbody, 
essential for cytokinesis. Defective cytokinesis leads 
to the formation of large multinucleated erythro-
blasts of CDA III. Other sporadic cases of CDA III 
may show possible autosomal recessive inheritance. 
These patients may exhibit mongoloid facies, men-
tal retardation, extramedullary hematopoiesis, and 
some lymphomas (rarely myeloma).

CDA IV has been reported in four patients. 
All four patients show the same autosomal domi-
nant mutation (E325K) in heterozygous state in 
the KLF1 gene located at chromosome 19p13.2. 
This KLF1 (erythroid Kruppel-like factor) gene 
encodes an essentially erythroid-specific tran-
scriptional activator in erythropoiesis which 
plays a critical role in the switch between the 
fetal and adult hemoglobin (HGB) expression 
and is required for cell cycle progression in ter-
minal erythroid differentiation. Figure 3.3 depicts 
the relation between the cell cycle and common 
CDAs (I–IV).

CDA variants other than I–IV have been 
described, each of which have relatively few 
patients, suggesting that these CDA subtypes are 
extremely heterogeneous and probably represent 
multiple unrelated genetic disorders. An X-linked 
recessive CDA variant due to mutation in the 
gene GATA1 located on chromosome Xp11.23 
has been recently identified [29, 31].

 Morphology
Morphological analysis is the first step in the  
diagnosis of all subtypes of CDA, to be fol-
lowed by confirmatory tests. The PB shows 
distinct anisopoikilocytosis, with ovalocytes, 
microspherocytes, teardrop cells, or irregu-
larly contracted cells and nucleated red cells 
[32]. The degree and type of anemia (normo-
cytic or macrocytic) along with bone marrow 
morphologic findings can provide a tentative 
diagnosis of the common types of CDAs 
(Table 3.3).

CDA I patients have macrocytic anemia. 
The BM shows incompletely divided erythroid 
cells with thin chromatin bridges between pairs 
of erythroblasts or between two nuclei in the 
same cell (Fig. 3.4a). Electron microscopic 
studies demonstrate that the heterochromatin is 
denser than normal and forms sharply delin-
eated clumps with small translucent vacuoles, 
giving rise to the description of a “Swiss 
cheese” appearance in which the cytoplasm 
may penetrate through widened pores of the 
nuclear envelope.

CDA II patients have normocytic anemia with 
normal or slightly increased mean corpuscular 

Fig. 3.3 Schematic representation of common congenital 
dyserythropoietic anemias (CDA) and their genetic abnor-
malities in relation to a cell cycle
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volume with occasionally bilobed mature eryth-
roblasts (Fig. 3.4b). The bone marrow is hyper-
cellular with erythroid hyperplasia and a large 
number of binucleated (10–35%) and rarely mul-
tinucleated late polychromatophilic erythro-
blasts. Electron microscopy shows vesicles 
containing proteins of the endoplasmic reticulum 
beneath the plasma membrane.

CDA III patients have normocytic anemia 
with normal or slightly low reticulocytes. The 
peripheral smear shows macrocytes, poikilo-
cytes, and occasionally giant red blood cells. The 
bone marrow is characterized by erythroid hyper-
plasia and large, pathognomonic multinucleated 
erythroblasts (Fig. 3.4c). Electron microscopy 
shows clefts in heterochromatin, autophagic vac-
uoles, and iron-laden macrophages with myelin 
figures in the cytoplasm [29].

CDA IV patients have normocytic anemia, 
generally severe, with a normal or slightly 
increased reticulocyte count. Hemoglobin F is 
elevated (>30%). The peripheral smear shows 
anisopoikilocytosis, schistocytes polychromasia, 
and nucleated red blood cells. The bone marrow 
shows erythroid hyperplasia, basophilic stippling 
of polychromatophilic erythroblasts and erythro-
cytes, and internuclear bridging. Electron micros-
copy shows immature erythroid progenitors with 
atypical cytoplasmic inclusions, enlarged nuclear 
pores, invagination of nuclear membrane, and 
marked heterochromatin [33]. Based on morpho-
logic findings of the bone marrow, further genetic 
tests may be performed to establish the diagnosis 
(see below).

 Immunophenotype
Flow cytometric analysis of erythrocytes and retic-
ulocytes has shown utility in the differential diag-
nosis of CDA II from hereditary spherocytosis 
[34]. Compared to hereditary spherocytosis, CDA 
II shows a significantly higher red cell volume and 
HGB concentration and an increased distribution 
width for cellular HGB content in reticulocytes.

 Differential Diagnosis
CDA may be confused with thalassemias and 
other hemolytic anemia. CDA is characterized by 
marked PB anisocytosis with a variegated picture, 
inadequate reticulocyte response, and presence of 
bizarre morphological abnormalities in erythroid 
precursors on BM examination. CDA II may bear 
a resemblance to hereditary spherocytosis (HS), 
which is a result of alterations in ankyrin, band 3 
(the anion exchanger), alpha- spectrin, beta-spec-
trin, Rh-associated glycoprotein, and band 4.2. HS 
patients often have a positive family history, an 
elevated mean corpuscular hemoglobin concentra-
tion (MCHC usually >36 g/dL), the presence of 
spherocytes on the peripheral blood smear, and an 
abnormal osmotic fragility test. Furthermore, in 
some cases of CDA, due to iron overload, hemo-
chromatosis may be a presenting feature of under-
lying congenital dyserythropoietic anemia.

 Severe Congenital Neutropenia

Severe congenital neutropenia (SCN) is a hetero-
geneous group of disorders characterized by 

Table 3.3 Features of various types of congenital dyserythropoietic anemias (CDA)

Gene/inheritance BM morphology Associated features
CDA type I CDAN1, 

C15ORF41/AR
Erythroblasts with internuclear bridges Skeletal abnormalities

CDA type II SEC23B/AR Predominantly binucleated erythroblasts, rare 
multinucleated erythroblasts

May exist, variable

CDA type III, 
sporadic

Unknown Giant multinucleated
Normoblasts

Variable

CDA type III, 
familial

KIF23/AD Giant multinucleated
Normoblasts

Plasma cell neoplasms
Angioid streaks

CDA type IV KLF1/AD Erythroblasts with internuclear bridging Mild to moderate 
splenomegaly

CDA variants KLF1, GATA1/AD, 
XLR

CDA I like, CDA II like
Others

Central nervous system 
anomalies

CDA Congenital dyserythropoietic anemias, AD autosomal dominant, AR autosomal recessive, XLR X-linked recessive
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severe neutropenia presenting in the neonatal 
period or early infancy. HGB and platelet count 
are usually normal. There are no distinctive phys-
ical features or congenital anomalies associated 
with most cases [35]. The incidence of SCN is 
estimated to be approximately 1–2 cases per mil-
lion and both genders are affected equally. It has 

been reported in a broad range of ethnic groups 
[2]. Inherited or sporadic point mutations in the 
ELANE gene, encoding neutrophil elastase, have 
been detected in 50–80% of patients with SCN 
[36]. The autosomal recessive form of SCN is 
also known as Kostmann syndrome.

 Clinical Features
Patients present with recurrent bacterial infections 
such as skin and subcutaneous infections, abscesses, 
and pneumonia. Omphalitis is a typical neonatal pre-
sentation of SCN. HGB and platelet count are often 
within normal limits. In the majority of the patients, 
there are no other distinguishing physical features or 
congenital anomalies are seen that would suggest an 
inherited disorder [35]. Affected patients usually have 
isolated severe neutropenia (absolute neutrophil count 
<0.5 × 109/L). There may also be a relative monocyto-
sis with a monocyte percentage in the 30–50% range.

SCN is managed through administration of 
granulocyte colony-stimulating factor (G-CSF) to 
induce increased neutrophil count and prevent 
infections. HSCT is the only curative treatment. 
Patients with SCN are at increased risk of develop-
ing MDS and AML, with a cumulative incidence 
of MDS/AML of 21% by the age of 10 years.

 Morphology
The neutropenia is associated with decreased 
production of myelocytes and granulocytic cells 
beyond the myelocyte stage. Bone marrow exam-
ination shows normal or slightly decreased cel-
lularity with maturation arrest of the myeloid 
cells at the promyelocyte/myelocyte stage 
(Fig. 3.5). Myelocytes and promyelocytes may 
show atypical nuclei and cytoplasmic vacuoliza-
tion. These morphologic findings do not correlate 
with the underlying mutations [37].

 Immunophenotype
There are no specific flow cytometry finding in 
SCN. Flow cytometry and immunohistochemis-
try may be helpful to rule out neutropenia due to 
other causes, such as a proliferation of large gran-
ular lymphocytes or NK cells. Flow cytometry 
assay that measures neutrophil-associated immu-
noglobulin coating on neutrophil surface, espe-
cially the IgM form, helps to rule out autoimmune 
neutropenia and if positive would exclude a diag-
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Fig. 3.4 Dyserythropoietic erythroblasts of congenital 
dyserythropoietic anemias (CDAs). (a) CDA I erythro-
blast showing internuclear bridge. (b) CDA II erythroblast 
showing binucleated forms. (c) CDA III erythroblast 
showing markedly enlarged multinucleated form
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nosis of SCN [41]. This assay has been used clin-
ically in some laboratories. The caveat is that 
neutrophil-associated immunoglobulin is com-
monly detected in patients with autoimmune dis-
eases, solid-organ tumors, hematologic disorders, 
and lymphoma, albeit at a low level.

 Cytogenetics and Molecular Genetics
Heterozygous mutations in ELANE gene are 
found in 50–75% of patients with SCN, inherited 
in an autosomal dominant or sporadic fashion. 
ELANE encodes the enzyme neutrophil elastase 
(NE), a serine protease component of the primary 
azurophilic granules of neutrophils. These muta-
tions exhibit variable effects on NE enzymatic 
activity and its intracellular localization. 
Mutations in ELANE may also cause protein 
unfolding within the endoplasmic reticulum trig-
gering unfolded protein response resulting in 
apoptosis. The mutational spectrum encompasses 
not only the region encoding the mature enzyme 
but also the prodomains and promoter region 
[38]. The autosomal recessive form, Kostmann 
syndrome, is caused by biallelic mutations in the 
HAX1 gene. HAX1 is a mitochondrial protein, 
deficiency of which results in reduction of the 
inner mitochondrial membrane potential leading 
to pro-apoptotic state with engagement of BAX, 
release of cytochrome c, and activation of the 

apoptotic caspase cascade. An X-linked form of 
SCN is caused by mutations affecting the autoin-
hibitory domain of the WAS protein resulting in 
increased actin polymerization. Mutations in 
G6PC3, a gene involved in the glucose-6- 
phosphate pathway, have also been associated 
with congenital neutropenia; these patients mani-
fested developmental anomalies of the cardiac 
and genitourinary systems. Rare patients with 
neutropenia and monocytosis have shown hetero-
zygous dominant loss-of-function mutations in 
the transcriptional repressor GFI1 [6].

During the course of disease progression to 
MDS or AML, approximately 80% of patients 
acquire somatic mutations in the gene encoding 
the G-CSF receptor, CSF3R, specifically in the 
marrow myeloid cells, leading to truncation of 
G-CSFR C-terminus. These truncating muta-
tions result in the deletion of the terminal nega-
tive autoregulatory region of the receptor, 
causing an increase in myeloid proliferation and 
resistance to apoptosis, but with impaired granu-
locytic differentiation. These findings suggest 
that CSF3R mutations contribute to leukemo-
genesis in SCN patients [36, 39]. The CSF3R 
mutant clones are highly dynamic and may dis-
appear and reappear during continuous G-CSF 
therapy [40].

 Differential Diagnosis
The most common causes of neutropenia, even 
in infants, are due to infections, medications/
drugs, nutritional deficiency, and autoimmune 
neutropenia. Neutropenia can occur during bac-
terial, viral, parasitic, or rickettsial infections. 
Bacterial infection usually causes leukocytosis; 
however, typhoid fever, Shigella enteritis, bru-
cellosis, tularemia, and tuberculosis are often 
associated with neutropenia. Viral infections 
commonly associated with neutropenia include 
human immunodeficiency virus (HIV), infec-
tious mononucleosis, cytomegalovirus, hepatitis 
A, and viral exanthematous diseases. On the 
other hand, infections can trigger macrophage 
activation syndrome/hemophagocytic lympho-
histiocytosis (HLH), which would lead to neu-
tropenia, and often pancytopenia. The drugs 
frequently associated with severe neutropenia 
include clozapine, thionamides, and sulfasala-

20 µm

Fig. 3.5 Bone marrow aspirate of severe congenital neu-
tropenia showing maturation arrest of myeloid cells at the 
myelocyte stage with only rare segmented neutrophils, 
while other cell lines are not affected
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zine. Neutropenia and/or agranulocytosis caused 
by drugs may be due to immune-mediated 
destruction of neutrophils by drug-dependent or 
drug-induced antibodies, or direct toxic effects 
on BM granulocytic precursors. Neutropenia 
may be secondary to nutritional deficiency 
including vitamin B12, folate, or copper defi-
ciencies. Isoimmune neonatal neutropenia is 
secondary to transplacental passage of IgG anti-
bodies that is directed against neutrophil- specific 
antigens inherited from the father. Most infants 
have only mild neutropenia with a mean duration 
of 7 weeks, but some infants may present with 
moderate-to-severe neutropenia. The infants are 
otherwise healthy. Autoimmune neutropenia or 
chronic benign neutropenia occurs primarily in 
infants and young children and is caused by the 
presence of antineutrophil antibodies that medi-
ate neutrophil destruction either by splenic 
sequestration or by complement- mediated neu-
trophil lysis. The mean age at diagnosis is 
6–12 months, with a range of 3–30 months. The 
mean duration of neutropenia is approximately 
20 months and spontaneous recovery occurs by 
age 5. Many patients remain free of infections 
and maintain a normal lifestyle with no or mini-
mal medical intervention. Antineutrophil anti-
bodies are detected in almost all patients.

Chronic idiopathic neutropenia is used to 
describe chronic neutropenia for which there is no 
obvious cause. Chronic idiopathic neutropenia 
tends to occur in late childhood or adulthood and 
does not undergo spontaneous remission. There is 
a female preponderance. Patients often have no 
serious infections or splenomegaly, but some 
patients may have anemia. Antineutrophil anti-
bodies are detected in about 20–30% of patients, 
indicating that in some cases neutropenia may be 
due to antibody-mediated neutrophil destruction 
[42]. Alternatively, there may be overproduction 
of inflammatory cytokines (such as Fas-ligand 
and interferon γ) by activated T lymphocytes 
within the bone marrow microenvironment, lead-
ing to inhibition of myelopoiesis [43]. Pure white 
cell aplasia is most often associated with thy-
moma, particularly medullary type. It is also 
reported in Goodpasture syndrome. The BM of 
pure white cell aplasia shows preserved erythro-
poiesis and megakaryocytopoiesis, but markedly 

decreased or absent granulopoiesis. Neutropenia 
also can occur in association with a number of 
immune deficiency disorders, such as hypergam-
maglobulinemia or hypogammaglobulinemia.

Cyclic neutropenia is a rare, autosomal domi-
nantly inherited disorder. It is characterized by 
neutropenia that recurs in a median of 21 days of 
cycle (range 14–35 days). Most of the patients 
present with neutropenia in the first year of life. 
The neutrophil count waxes and wanes contrast-
ing with the persistent neutropenia seen in 
SCN. Therefore, it is recommended to check 
white blood cell count and differentials 2–3 times 
a week for 6 weeks in order to understand the pat-
tern of neutropenia. Subsequent genetic testing 
helps in the identification of the specific caus-
ative gene mutation. Compared to SCN, an even 
higher frequency of ELANE mutations (90–
100%) is found in cyclic neutropenia. The muta-
tions, however [44], occur predominantly in exon 
4 or 5 or at the junction of exon 4 and intron 4. 
The cycling of neutropenia seems to decrease 
with age and can disappear by age 30 years in 
some patients [45]. Unlike SCN, cyclic neutrope-
nia is not associated with the risk of AML 
transformation.

There is an acquired adult-onset form of cyclic 
neutropenia. However, it is autoimmune rather 
than genetic in nature and is often associated with 
a T-cell large granular lymphocyte proliferation. 
It has been suggested that T-cell immune response 
to granulocyte proteases may contribute to the 
phenomenon [46].

Shwachman-Diamond syndrome can present 
with isolated neutropenia. As discussed above, in 
addition to neutropenia, patients with SDS also 
show metaphyseal dysplasia and pancreatic 
insufficiency.

Myelokathexis is a rare congenital neutropenia 
resulting from impaired release of granulocytes 
from the bone marrow [47]. It is characterized by 
the accelerated apoptosis of granulocytes and the 
depressed expression of bcl-x of granulocyte pre-
cursor cells [48]. The bone marrow is often 
hypercellular, with an increased number of 
mature and hypersegmented neutrophils. The 
myelokathexis morphology is characterized by 
cytoplasmic vacuolization, nuclear hyperseg-
mentation, and nuclear lobes separated by long 
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strands of chromatin. Patients usually show good 
response to G-CSF treatment [49].

WHIM syndrome is a rare disease characterized 
by warts (human papillomavirus infection), hypo-
gammaglobulinemia, infections, and myelokathexis 
due to abnormal apoptosis and cell migratory func-
tion. Mutations in the chemokine receptor CXCR4 
[50] are identified in WHIM syndromes, resulting in 
impaired intracellular trafficking, leading to 
increased responsiveness to chemokine ligand and 
retention of neutrophils in bone marrow. The 
CXCR4 antagonist plerixafor is a potential therapy 
for myelokathexis and WHIM syndrome [51].

Chediak-Higashi syndrome is a rare autoso-
mal recessive lysosomal disorder characterized 
by frequent infections, oculocutaneous albinism, 
bleeding diathesis, and progressive neurologic 
deterioration. About 80–85% patients eventually 
enter the “accelerated phase” of the disease, due 
to a lymphoproliferative infiltration of the bone 
marrow and reticuloendothelial system. The 
accelerated phase is characterized by fever, hep-
atosplenomegaly and lymphadenopathy, and 
pancytopenia and bleeding, features of hemo-
phagocytic lymphohistiocytosis. Pathologic 
mutations in the lysosomal trafficking regulator 
(LYST/CHS1) gene localized at 1q42.1-2 are 
responsible for this defect [52, 53].

Table 3.4 lists various congenital disorders 
associated with neutropenia.

 Congenital Amegakaryocytic 
Thrombocytopenia

Congenital amegakaryocytic thrombocytopenia 
(CAMT) is a rare disorder characterized by throm-
bocytopenia present at birth or in the neonatal 
period, associated with megakaryocytic hypopla-
sia/aplasia in the BM. Thus far, there are more than 
100 cases reported. However, it is likely an under-
estimation as this disorder may go unrecognized. 
There is no reported male or female predilection.

 Clinical Features
There are no characteristic congenital physical 
abnormalities associated with CAMT, except for a 
rare form associated with fusion of the radius and 
ulna (radial-ulnar synostosis). Approximately 70% 
of patients with CAMT have severe thrombocytope-
nia in the neonatal period and petechiae at birth and 
may develop intracranial or intestinal mucus mem-
brane bleeding. Blood count commonly shows 
severe thrombocytopenia in the neonatal period, 
which may be as low as 16 × 109/L. The major treat-
ment for bleeding is platelet transfusion. The disease 
progresses to bone marrow aplasia within the first 
few years of life (median age 3.7 years). Occasional 
patients may present with aplastic anemia, MDS, or 
AML without a preceding documented history of 
thrombocytopenia. HSCT remains the only curative 
therapy for CAMT [6, 35].

Table 3.4 Molecular genetics, mode of inheritance, and symptoms of congenital neutropenia

Disease category/entity Gene/locus Mode of inheritance Associated sign/symptoms
Severe congenital neutropenia

• Kostmann syndrome HAX1 Autosomal recessive +/− neurologic defects, 
+/− splenomegaly

•  Sporadic and familial 
congenital neutropenia

ELANE (serine 
protease)

Autosomal dominant, or 
sporadic

Isolated neutropenia

GFI1 
(transcription 
factor)

Autosomal dominant Monocytosis and defects in 
lymphocyte quantity and function

WAS (cytoskeleton 
function)

X-linked recessive Monocytopenia and T-cell 
activation

G6PC3 (glucose 
metabolism)

Autosomal recessive Cardiac and urogenital defects, 
thrombocytopenia

CSF3R (G-CSF 
receptor)

Autosomal dominant Severe myeloid hypoplasia in the 
BM
G-CSF resistance
Increased risk for AML
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 Morphology
Platelets show normal size and granularity. Bone 
marrow cellularity early in the course of disease 
may be normal with decreased or absent mega-

karyocytes; however, the cellularity decreases as 
the disease progresses. If not diagnosed early, 
many patients may present with pancytopenia 
and bone marrow aplasia.

Table 3.4 (continued)

Disease category/entity Gene/locus Mode of inheritance Associated sign/symptoms
Congenital immunodeficiency syndromes

•  X-linked 
agammaglobulinemia

BTK X-linked Defective B-cell development; 
recurrent bacterial infections

•  Common variable 
immunodeficiency

Unknown Hypogammaglobulinemia, 
sinopulmonary infections, 
autoimmune hemolytic anemia, 
and thrombocytopenia

• Wiskott-Aldrich syndrome WAS X-linked Autoimmune-mediated 
neutropenia

• Dubowitz syndrome LIG4 Autosomal recessive Growth deficiency, cognitive 
defects, microcephaly, eczema, 
dysmorphic facial features

•  Cartilage-hair hypoplasia ? Gene at 9p13 
encoding for 
endoribonuclease

Autosomal recessive Lymphopenia, short-limb 
dwarfism, metaphyseal 
chondrodysplasia, sparse thin hair, 
T-cell defects

•  Griscelli syndrome, type 2 RAB27A Autosomal recessive Thrombocytopenia, partial 
albinism, lymphohistiocytosis

•  Hyper IgM syndrome CD40LG Autosomal recessive
X-linked

Recurrent bacterial infections, 
frequent autoimmune hemolytic 
anemia, and thrombocytopenia

• Selective IgA deficiency Unknown Autoimmune anemia and 
thrombocytopenia

• WHIM syndrome CXCR4 X-linked Warts, hypogammaglobulinemia, 
infection, myelokathexis, 
lymphopenia

• Reticular dysgenesis AK2 Autosomal recessive Neutropenia, thrombocytopenia

•  Shwachman-Diamond 
syndrome

SBDS Autosomal recessive Short stature, pancreatic exocrine 
deficiency, and marrow failure
Propensity for developing AML/
MDS (up to 20%) and ALL

•  Diamond-Blackfan 
syndrome (hereditary 
hypoplastic anemia)

19q13.2 and 8p23 Short stature, head and neck 
defects, maldevelopment of eyes, 
heart, visceral, organs and limbs, 
bifid thumb

•  Chédiak-Higashi 
syndrome

LYST Autosomal recessive Partial oculocutaneous albinism, 
giant granules in neutrophils, 
monocytes, and lymphocytes, 
recurrent infections

• Cohen syndrome COH1 Autosomal recessive Mental retardation, postnatal 
microcephaly, facial 
dysmorphism, pigmentary 
retinopathy, myopia

•  Cyclic neutropenia ELANE Autosomal dominant Recurring episodes of severe 
neutropenia, usually every 
21 days

WHIM warts, hypogammaglobulinemia, infections, and myelopathies
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 Immunophenotype
Flow cytometric measurement of MPL (CD110) 
on platelets can help to distinguish between 
thrombocytopenia due to decreased megakaryo-
cytes with a high plasma thrombopoietin (TPO) 
level or thrombocytopenia due to platelet destruc-
tion with a normal TPO level, but does not dif-
ferentiate it from patients with a primary MPL 
defect. However, MPL (CD110) measured on 
CD34 + CD38lo/− progenitors is relatively inde-
pendent from TPO plasma levels and can help in 
identifying conditions with impaired expression 
of MPL. Like other inherited BM failure syn-
dromes, PNH test is recommended for patients at 
the first presentation of BM failure, in order to 
rule out PNH as well as to help in the differential 
diagnosis from idiopathic AA, which frequently 
has PNH clones.

 Cytogenetics and Molecular Genetics
CAMT is an autosomal recessive disorder caused 
by homozygous or compound heterozygous 
mutations in MPL gene encoding the thrombo-
poietin (TPO) receptor. Nonsense mutations and 
deletions introduce premature stop codons that 
result in complete loss of the MPL function; other 
mutations (missense and splice-site mutations), 
though not completely defined, maintain some 
residual function of the TPO receptor function. 
There is evidence for genotype/phenotype corre-
lation in patients with complete loss of the MPL 
function as they have permanently low platelet 
counts (CAMT I patients), while those with 
residual MPL activity demonstrate a transient 
amelioration of thrombocytopenia within the first 
year of life (CAMT II patients) [54]. The rare 
form of CAMT associated with radial-ulnar syn-
ostosis shows mutations in HOXA11 gene that 
regulate megakaryocytic differentiation [35].

Chromosomal abnormalities are found in 
patients who develop bone marrow aplasia, MDS, 
and AML. The most common karyotype abnor-
malities are trisomy 8 and monosomy 7.

 Differential Diagnosis
A diagnosis of CAMT is based on clinical and lab-
oratory findings that are characterized as severe 
thrombocytopenia at birth due to ineffective mega-

karyocytopoiesis and no characteristic physical 
anomalies. The finding of germline MPL mutations 
helps to confirm the diagnosis, but it is not required 
because there are reports of patients with the char-
acteristic clinical and laboratory findings of CAMT 
who do not have a MPL gene mutation [55].

Other causes must be ruled out, including pre-
natal causes such as vertical transmission of 
toxoplasma, rubella, cytomegalovirus, herpes, 
and other infections such as syphilis, varicella, 
parvovirus B19 (TORCH) infections, and neona-
tal allogeneic immune thrombocytopenia. The 
differential diagnoses also include other inher-
ited and acquired BM failure.

 Thrombocytopenia with Absent Radii

Thrombocytopenia with absent radii (TAR) is a 
rare genetic disorder presenting in newborns as 
thrombocytopenia and with characteristic absence 
of bilateral radii, but with presence of both thumbs. 
There is no predilection for gender.

 Clinical Features
TAR is often diagnosed in utero or shortly after 
birth. The affected newborns present with throm-
bocytopenia and the characteristic physical finding 
of bilateral absent radii (unilateral in about 2% of 
cases). The thumbs are present, but may appear 
abnormal. Patients may have other birth defects 
such as hypoplastic ulnae, hypoplastic humeri, 
phocomelia, abnormal shoulders, bowed legs, hip 
dysplasia, abnormal knees, abnormal facies, renal 
malformations, and other findings. Gastroenteritis 
and cow’s milk intolerance are frequent [6]. There 
is typically no anemia or leukopenia.

Approximately 60% of affected babies develop 
thrombocytopenia in the first few weeks of life. 
The thrombocytopenia is often severe with platelet 
counts less than 50 × 109/L [35]. There is bleeding 
tendency typically seen in the first years of life that 
can cause fatal hemorrhages. Platelet counts tend 
to increase over time, reaching normal values by 
adult life, although there may be fluctuation in the 
platelet count both in childhood and adult life. The 
bleeding tendency also improves with age. Early 
management of TAR is aimed at addressing the 
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major symptom, bleeding. Platelet transfusions 
are given as needed and usually are no longer 
required beyond the first year of life, when the 
platelet count improves. Early deaths are from 
bleeding, with a plateau of survival of 80% by age 
1–2 years. HSCT is rarely required [6]. Leukemoid 
reaction has been reported and is usually transient. 
The development of aplastic anemia has not been 
observed, but rare cases of AML and ALL have 
been reported [2].

 Morphology
The peripheral smear shows thrombocytopenia 
with normal platelet morphology. Other cell lines 
are unaffected. Bone marrow examination is often 
not required. Bone marrow megakaryocytes may 
be decreased, absent, or immature appearing, small 
sized, and with basophilic, vacuolated cytoplasm. 
Erythropoiesis and granulopoiesis are often normal 
(Fig. 3.6).

 Immunophenotype
Flow cytometry assay for platelet activation 
markers such as CD62p, CD63, PAC-1, mepa-
crine, and glycoprotein CD41, CD42b, and CD61 
[56] shows combined defect of platelet produc-
tion and function in thrombocytopenia with 
absent radii syndrome [57].

 Cytogenetics and Molecular Genetics
TAR is inherited in an autosomal recessive fashion. 
Recently, a combination of comparative genomic 
hybridization and next-generation sequencing 
revealed a 200 kb microdeletion of chromosome 
1q21.1 in one allele and two single- nucleotide 
polymorphisms (SNP) in RBM8A gene in the non-
deleted allele. The microdeletion of 1q21.1 either is 
passed down from one parent (75% of cases) or 
occurs de novo (25% of cases). The Y14 subunit of 
the exon–junction complex encoded by RBM8A is 
less expressed on platelets of individuals with TAR, 
suggesting that the two noncoding SNPs are hypo-
morphic mutations affecting regulatory regions of 
the RBM8A gene [54]. Genetic testing for the 
200 kb minimally deleted chromosomal band on 
chromosome 1q21.1 and RBM8A variant may aid 
in diagnosis [35].

 Differential Diagnosis
It is important to distinguish TAR from the other 
inherited BM failure syndromes such as Fanconi 
anemia, since the clinical course and risks are 
very different; FA should be ruled out by testing 
chromosomal breakage. Malformations on physi-
cal exam, including hypopigmented spots, abnor-
mality of thumbs, microcephaly, café au lait 
spots, and urogenital abnormalities and short 
stature, are seen in 60–70% of patients with FA.

Congenital amegakaryocytic thrombocytopenia 
can result in severe neonatal thrombocytopenia. The 
BM shows near absence of megakaryocytes. Unlike 
TAR, CAMT usually does not have characteristic 
congenital physical abnormalities. Pancytopenia 
develops in later childhood. This disorder is caused 
by homozygous or compound heterozygous muta-
tions in MPL gene encoding the thrombopoietin 
(TPO) receptor.

Congenital platelet disorders including 
Wiskott-Aldrich syndrome, May-Hegglin anom-
aly, Bernard-Soulier syndrome, and Alport syn-
drome often show characteristic alterations in 
platelet size and morphology. Wiskott-Aldrich 
syndrome is caused by WAS gene mutations, 
mostly X-linked. WAS should be suspected in 
male patient presenting with bleeding disorder 
with congenital or early-onset thrombocytopenia 
associated with small platelet size (MPV 3–5 fL, 

Fig. 3.6 Bone marrow aspirate of thrombocytopenia 
with absent radii (TAR). Megakaryocytes are often 
decreased, absent, or immature, with small, basophilic 
(center), and vacuolated cells. Erythropoiesis and granu-
lopoiesis are often normal (courtesy of Julia Geyer, MD, 
Cornell Medical Center)
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normal 7–10 fL). May-Hegglin anomaly is an 
autosomal dominant trait characterized by giant 
platelets (MPV 30–80 fL), often with moderate 
thrombocytopenia, and leukocyte inclusion bod-
ies (Dohle-like bodies). Bernard-Soulier syn-
drome is an autosomal recessive disorder of 
platelet function presenting with mild thrombocy-
topenia, circulating “giant” platelets, and bleed-
ing. In contrast to these disorders, the platelet size 
in TAR is normal.

 GATA1 Mutation

Mammalian genomes encode six structurally 
related members of the GATA family, which act 
as tissue-specific master transcriptional regula-
tors. GATA1 and GATA2 play critical roles in 
hematopoiesis and the mutations/deficiency in 
their respective genes produces several hemato-
logic disorders. GATA1 is an X-linked gene that 
is required for the development of erythroid 
cells, megakaryocytes, mast cells, eosinophils, 
and basophils. GATA2 expression is essential for 
maintenance of the pool of hematopoietic stem 
cells (HSCs), whereas GATA1 drives HSCs 
towards erythroid/megakaryocytic differentia-
tion, leading to a loss of self-renewal capacity. 
During the differentiation of HSCs, through a 
phenomenon known as “the GATA switch,” 
GATA2 activates GATA1, and then GATA1, in 
turn, represses GATA2 while displacing it from 
chromatin at various sites throughout the 
genome. The HSC compartment is therefore 
extremely sensitive to levels of GATA2{Crispino, 
2017 #19}.

Inherited GATA1 mutations affect mostly 
erythroid and megakaryocytic maturation and 
may result in X-linked CDA, DBA, X-linked 
macrothrombocytopenia, X-linked thrombocy-
topenia with B-thalassemia, and occasional 
cases of inherited macrocytic anemia with mild 
neutropenia. Acquired GATA1 mutation has 
been associated with transient abnormal myelo-
poiesis in patients with trisomy 21. Recent stud-
ies suggest that GATA1 biology may play a role 
in some cases of primary myelofibrosis{Crispino, 
2017 #19}.

 Myeloid Neoplasms with Germline 
Predisposition

“Myeloid neoplasms with germline predisposi-
tion” is a new addition in the 2016 revision of the 
WHO classification. Such familial cases are fur-
ther divided into three categories: (1) myeloid 
neoplasms with germline predisposition without 
a preexisting disorder or organ dysfunction; (2) 
myeloid neoplasms with germline predisposition 
and preexisting platelet disorders; and (3) 
myeloid neoplasms with germline predisposition 
and other organ dysfunction. The entities under 
each category are summarized in Table 3.5. 
These syndromes are very rare [58, 59]; how-
ever, they are likely under-recognized and under-
reported, especially in cases without physical 
anomalies and cases that do not yet have well-
defined molecular genetic abnormalities.

 Myeloid Neoplasms with Germline 
Predisposition Without a Preexisting 
Disorder or Organ Dysfunction

 Myeloid Neoplasms with CEBPA 
Mutation
This is an autosomal dominant disorder caused 
by a single copy of germline mutation in the 
granulocytic differentiation factor gene CEBPA 
on chromosome 19q13 [60, 61]. The germline 
mutation is usually found in the N-terminal end 
of the gene and a somatic mutation at the 
C-terminal end of the other allele acquired at the 
time of progression to AML. The penetrance is 
close to 100%. Of note, approximately 10% of 
AML cases with biallelic CEBPA mutations rep-
resent a somatic mutation occurring on a back-
ground of a germline mutation. Thus, patients 
presenting with AML with biallelic CEBPA 
mutation are candidates for germline CEBPA 
mutation screening [62].

Patients present with AML at a young age and 
often do not have preceding hematologic abnor-
malities or an antecedent MDS phase. This disor-
der is not associated with non-hematologic 
manifestations. However, these patients usually 
have a family history of AML. The clinicopatho-
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logical features are similar to sporadic biallelic 
CEBPA-mutated AML. Morphologically, mostly 
cases are AML with or without maturation, some-
times with Auer rods. Immunophenotypically, 
there is frequent aberrant CD7 expression on 
blasts. The karyotype is usually normal. Overall, 
AML with germline CEBPA mutation has a 
favorable prognosis [61]. However, the somati-
cally acquired CEBPA may be unstable and novel 
independent leukemic clones may develop at dis-
ease recurrence [63].

 Myeloid Neoplasms with Germline 
DDX41 Mutation
DDX41 (DEAD/H-box helicase gene), located 
on chromosome 5q35.3, encodes an RNA heli-
case protein with a function in RNA splicing. 
DDX41 has been shown to contribute to multiple 
pathways and processes including mRNA splic-
ing, innate immunity, and rRNA processing. 
Thus, mutations in DDX41 potentially impact the 
initiation, maintenance, or progression of tumors 
[64]. DDX41 mutations have been found in about 
1.5% of myeloid neoplasms [66]. Similar to 
CEBPA, many patients with DDX41 mutations 
have biallelic mutations. However, the frequency 
of one mutation being germline is about 50% of 
cases. The penetrance appears to be high. An 
autosomal dominant familial MDS/AML syn-
drome due to germline mutations in DDX41 [65] 
has recently been recognized.

Patients with germline DDX41 mutations 
have a late-onset presentation, with a median age 
of 62 years [40–85], similar to de novo MDS/
AML with DDX41 mutations. The neoplasms 
reported are mainly MDS, including MDS with 
multilineage dysplasia, MDS with excess blasts, 
and MDS with isolated del(5q), followed by 
AML. Chronic myeloid leukemia (CML), 
chronic myelomonocytic leukemia (CMML), 
and lymphomas have also been reported [65]. 
Three families were found to be predisposed to 
immune disorders such as systemic lupus, 
eczema, vasculitis, and asthma. Aside from the 
most frequent acquired mutation of R525H on 
the second DDX41 allele, several recurrent coop-
erating mutations in other genes have been iden-
tified, including ASXL1, DNMT3A, JAK2, 
LUC7L2, SETBP1, and TP53, especially during 
clonal evolution. Due to the lack of a clear pre-
malignant phenotype and a typically late age of 
onset, the family history is easily overlooked by 
patients as well as treating physicians.

Patients with germline DDX41 mutation who 
develop MDS/AML usually present with leuko-
penia or macrocytic anemia. The bone marrow is 
often hypocellular with marked dyserythropoie-
sis and increased blasts; a subset of cases pres-
ents with pure erythroid leukemia (PEL). Seventy 
percent of cases have a normal karyotype. The 
prognosis is generally poor, but early data sug-
gest that patients may respond to lenalidomide. 

Table 3.5 Classification of myeloid neoplasms with germline predisposition

Myeloid neoplasms with germline predisposition without a preexisting disorder or organ dysfunction

• AML with germline CEBPA mutation

•  Myeloid neoplasms with germline DDX41 mutation

Myeloid neoplasms with germline predisposition and preexisting platelet disorders

•  Myeloid neoplasms with germline RUNX1 mutation

•  Myeloid neoplasms with germline ANKRD26 mutation

• Myeloid neoplasms with germline ETV6 mutation

Myeloid neoplasms with germline predisposition and other organ dysfunction

•  Myeloid neoplasms with germline GATA2 mutation

•  Myeloid neoplasms associated with BM failure syndromes

•  Myeloid neoplasms associated with telomere biology disorders

•  JMML associated with neurofibromatosis, Noonan syndrome, or Noonan syndrome-like disorders

•  Myeloid neoplasms associated with Down syndrome
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 Myeloid Neoplasms with Germline 
Predisposition and Preexisting 
Platelet Disorders

 Myeloid Neoplasms with Germline 
RUNX1 Mutation
RUNX1-associated MDS/AML is an autosomal 
dominant disorder caused by germline mutation 
in RUNX1 on chromosome 21 [67]. RUNX1 is a 
transcription factor that plays a key role in mega-
karyocyte maturation, differentiation, and pro- 
platelet formation. RUNX1 mutations are 
distributed throughout the gene. Numerous muta-
tions have been identified; each mutation is usu-
ally unique to a given kindred.

The clinical presentation is variable, even 
within the same family. Patients classically 
present with lifelong mild-to-moderate throm-
bocytopenia (platelets >50 × 109/L), which may 
be misdiagnosed as chronic immune thrombo-
cytopenia (ITP). Platelets are morphologically 
normal, but often exhibit impaired function. 
Affected family members have varying risks of 
progression to myeloid neoplasms (range 
11–100%, median 44%), with a median age 
onset of 33 years [68]. Progression may be 
associated with a second RUNX1 mutation or 
acquisition of trisomy 21, but these are not 
required [62]. Other additional acquired abnor-
malities, including CBL and ASXL1 mutations 
and loss of NF1, are reported. MDS and AML 
are the most common hematologic neoplasms. 
CMML, T-lymphoblastic leukemia, and rarely 
B-cell neoplasms including hairy cell leukemia 
are reported. Prognosis is uncertain due to lim-
ited long-term outcome data.

The bone marrow tends to be hypocellular for 
age. Abnormal megakaryopoiesis is described in 
both carriers and in patients with MDS/AML, 
characterized by micromegakaryocytes, bare 
megakaryocytic nuclei, and asynchronous 
nuclear cytoplasmic maturation (Fig. 3.7). 
Erythropoiesis and granulopoiesis are often 
unremarkable or only exhibit mild dyspoietic 
features. However, when MDS/AML progres-
sion occurs, patients often develop bi- or pan- 

cytopenia rather than mild thrombocytopenia, 
and the bone marrow and peripheral blood show 
multilineage dysplasia and often increased blasts 
(Fig. 3.8).

 Myeloid Neoplasms with Germline 
ANKRD26 Mutation
Mutations in ankyrin repeat domain 26 gene 
(ANKRD26) located on chromosome band 
10p12.1 are inherited in autosomal dominant 
fashion; the mutations often occur in the 
5′-untranslated region of ANKRD26, leading 
to impaired pro-platelet formation by mega-
karyocytes and abnormal megakaryocyte mat-
uration. This disorder constitutes 
approximately 10% of inherited thrombocyto-
penias [69] and is characterized by normal 
platelet size and no or mild bleeding tendency. 
Patients usually have moderate thrombocyto-
penia, but some may have severe thrombocy-
topenia with a platelet count <20 × 109/L [70]. 
HGB level and  leukocyte count are usually 
normal, but some patients may have a high 
white blood cell count and/or high HGB level. 
Most patients have glycoprotein Ia and 
α-granule deficiency, but platelet aggregation 
studies are often normal. One large study has 
shown that approximately 8% of patients 
developed myeloid malignancies, including 
AML, MDS, and CML [71].

The bone marrow in patients without leuke-
mia shows an increased number of dysplastic 
megakaryocytes [70, 71]. The megakaryocytes 
are small with monolobated or bilobed nuclei and 
some may have abnormal eosinophilic cytoplasm 
(Fig. 3.9). Serum TPO levels are elevated.

 Myeloid Neoplasms with Germline 
ETV6 Mutation
Familial ETV6 mutations are characterized by 
autosomal dominantly inherited thrombocytope-
nia and an increased risk for hematological 
malignancies [72, 73]. ETV6 is a transcriptional 
repressor involved in embryonic development 
and hematopoietic regulation, particularly the 
late phases of megakaryopoiesis. Germline 
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ETV6 mutations account for 3–5% of cases of 
inherited thrombocytopenia [69]. 
Thrombocytopenia is often associated with 
mild-to-moderate bleeding tendency, occasion-
ally presenting in infancy. Platelets are normal in 
size. Red cells may show macrocytosis. Germline 
ETV6 mutation has been associated with a high 
frequency of hematologic malignancy, occurring 
in 25–40% of individuals, with the majority of 
cases being B-lymphoblastic leukemia (B-ALL), 
followed by MDS/AML, mixed-phenotype leu-
kemia, CMML, and plasma cell myeloma. The 
B-ALL is often hyperdiploid [74]. Non-
hematological neoplasms have also been 
reported in these families, including colorectal, 

a b

c d

Fig. 3.7 Bone marrow biopsy from an asymptomatic 
23-year-old patient with germline RUNX1 mutation and 
mild thrombocytopenia. The bone marrow shows a hypo-
cellularity for age (a); megakaryocytes are small and 
hypolobated (b); small dysplastic megakaryocytes are 

highlighted by CD42b immunohistochemistry stain (c); 
Bone marrow aspirate smear shows no significant dys-
erythropoiesis or dysganulopoiesis (d) (courtesy of Julia 
Geyer, MD, Cornell Medical Center)

Fig. 3.8 Peripheral blood smear from a patient with 
germline RUNX1 mutation who developed acute myeloid 
leukemia. There are circulating blasts, and dysgranulopoi-
esis (courtesy of Rashimi Kanagal, MD, MDACC)
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kidney, and skin cancers. Of note, somatic muta-
tion in ETV6 is also detected in a wide variety of 
hematologic neoplasms [69]. 

The bone marrow from patients without leu-
kemia often shows small, hypolobulated mega-
karyocytes and mild dyserythropoiesis.

 Myeloid Neoplasms with Germline 
Predisposition Associated with Other 
Organ Dysfunction

 Myeloid Neoplasms with Germline 
GATA2 Mutation
GATA2 expression is essential for maintenance of 
the pool of hematopoietic stem cells (HSCs). 
GATA2 was first identified as an endothelial tran-
scription factor and its haploinsufficiency causes 
abnormal vascular development. It has been shown 
that GATA2 is also required for the development of 
the semicircular canals and the perilymphatic space 
of the vestibular system [75]. GATA2 deficiency 
syndrome is an autosomal dominant disorder 
caused by heterozygous germline mutations, and in 
some cases large deletions, resulting in haploinsuf-
ficiency of GATA2. Germline mutations appear to 
arise spontaneously, but are then transmitted with 
autosomal dominant inheritance [75]. Mutations 
are identified in both coding and noncoding regions 
and there is no significant association between the 
specific mutation and clinical manifestations.

Earlier reports have described four clinical syn-
dromes in association with GATA2 deficiency: (1) 
monocytopenia and atypical mycobacterial infec-
tion (MonoMAC syndrome); (2) dendritic cells, 
monocyte, B, and NK lymphoid deficiency; (3) 
familial MDS/AML; and (4) Emberger syndrome 
(primary lymphedema, warts, and a predisposi-
tion to MDS). More studies have also reported 
phenotypes of severe congenital neutropenia, 
aplastic anemia, chronic myelomonocytic leuke-
mia, severe EBV infection, and EBV-associated 
neoplasms. Patients with GATA2 deficiency may 
develop non- hematological and noninfectious 
manifestations, such as deafness, pulmonary alve-
olar proteinosis, thrombosis, hypothyroidism, mis-
carriage, and autoimmune disorders.

Hematologic manifestations include peripheral 
cytopenias, particularly B- and NK-cell lymphope-
nia, monocytopenia (80% of cases), decreased 
CD4 count, and neutropenia (50% of cases). Some 
patients may present with MDS/AML without 
prior significant hematologic manifestations. MDS 
is extremely common in GATA2 deficiency, occur-
ring in over 70% of patients at a median age of 
29 years. The dysplasia in MDS manifests predom-
inantly in megakaryocytes, which commonly show 
widely separated nuclear lobes. AML and CMML 
develop in approximately 15% of patients with 
GATA2 deficiency. Progression to MDS/AML is 
commonly associated with acquisition of second-
ary mutations in the gene encoding chromatin-

a b

Fig. 3.9 Germline ANKRD26 mutation in a patient with 
moderate thrombocytopenia. The bone marrow cellularity 
is high (a) showing increased number of megakaryocytes. 
Megakaryocytes are small and hypolobated, as being 
highlighted by CD42 stain (courtesy of Julia Geyer, MD, 

Cornell medical center). This case illustrates the difficulty 
in the diagnosis of myeloid neoplasm (MDS) progression 
in patients with germline predisposition and preexisting 
platelet disorders
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binding protein ASXL1 [76, 77]. A recent European 
study has shown that inherited GATA2 gene muta-
tions account for 7% of all primary pediatric MDS; 
the vast majority of adolescents with MDS and 
monosomy 7 carry an underlying GATA2 defi-
ciency [78]. However, many of them are mistaken 
as sporadic disease, since a family history of 
myeloid leukemia or GATA2-related symptoms is 
often obscure. Of note, the presence of these muta-
tions does not appear to influence survival.

The bone marrow cellularity is often decreased 
and may show features of aplastic anemia 
(Fig. 3.10). Prominent dysmegakaryopoiesis is 
present, including micromegakaryocytes and 
megakaryocytes with widely separated nuclear 
lobes. Dysplastic features are often seen in ery-
throid and granulocytic cell lines as well. Increased 
reticulin fibrosis is common. Despite the absence 

of monocytes in the peripheral blood, bone mar-
row histiocytes and macrophages are often promi-
nent [79].

Flow cytometry (Fig. 3.11) shows reduced 
BM NK cells and B cells, monocytopenia, and 
immunophenotypical alterations of CD34+ 
myeloblasts. The latter is similar to what is often 
observed in MDS myeloblasts. Granulopoiesis 
shows an abnormal maturation pattern. Plasma 
cells often show aberrant CD56 expression and 
loss of CD19 [79]. An atypical LGL population 
or LGL expansion is also common. These fea-
tures may help identify the presence of GATA2 
mutation among patients who present with what 
appear to be “idiopathic” aplastic anemia. 

Clonal cytogenetic abnormalities are identified 
in around 60% of patients, with monosomy 7 and 
trisomy 8 being the most frequent abnormalities.

a b

c d

Fig. 3.10 Germline GATA2 mutation in a 20-year-old 
patient with no significant cytopenia but a history of recur-
rent viral and bacterial infection. The bone marrow cellu-
larity is significantly low, resembling aplastic anemia; 
(a) atypical megakaryocytes are present with widely 

separated nuclear lobes (b). There is erythroid predomi-
nance with markedly reduced myeloid lineage cells. But 
there is no dyserythropoiesis and no dysgranulopoiesis (c). 
Despite monocytopenia, histiocytes and macrophages are 
often present, in some cases, they are  even increased (d)
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Fig. 3.11 Germline GATA2 mutation in a 20-year-old 
patient with no significant cytopenia but a history of 
recurrent viral and bacterial infection. Upper: Peripheral 
blood and bone marrow both show nearly absence of 
monocytes (arrows) as demonstrated on CD45/SSC as 

well as by CD64. Middle: NK cells are markedly reduced, 
only 0.4% of total lymphocytes. B cells are also low, 4.6% 
of total lymphocytes. Lower: Of the bone marrow CD34+ 
cells, hematogones are absent; and a subset of myelo-
blasts exhibit aberrantly low CD38 expression

Myeloid Neoplasms Associated with 
Bone Marrow Failure Syndromes and 
Telomere Biology Disorders
This group includes the entities that have been 
extensively discussed in the first part of this 
chapter, including Fanconi anemia, severe con-
genital neutropenia, Shwachman-Diamond syn-
drome, Diamond-Blackfan anemia, dyskeratosis 
congenita, and related short telomere syndromes. 

Patients with these congenital syndromes need 
to be closely monitored due to the increased risk 
of myeloid neoplasms. It is noteworthy that the 
phenotypes of these disorders are highly vari-
able; in some cases, patients may not be diag-
nosed until adulthood. MDS and AML are the 
most common hematological neoplasms, with 
some cases of lymphoblastic leukemia being 
reported [80].
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Differential Diagnosis of Myeloid 
Neoplasms with Germline 
Predisposition

Myeloid neoplasms with germline predisposition 
are relatively obscure and remain underdiagnosed 
by pathologists and clinicians. In patients with 
myeloid neoplasms with germline predisposition 
and preexisting platelet disorders, the preexisting 
platelet disorders are frequently misdiagnosed as 
chronic immune thrombocytopenia (ITP) clini-
cally. ITP is an acquired form of thrombocytope-
nia due to autoantibody-mediated destruction of 
platelets. Bone marrow examination is usually not 
required for diagnosis and is only performed for 
patients with other unexplained cytopenias (ane-
mia, leukopenia), abnormalities on the peripheral 
blood smear, or clinically refractory disease. 
When performed, the BM in TIP shows a normal 
cellularity with increased, normal-appearing 
megakaryocytes. In contrast, the thrombocytope-
nia in myeloid neoplasm with germline predispo-
sition is often associated with dysplastic 
megakaryocytes and a hypocellular BM.

The biggest challenge is diagnosing MDS pro-
gression in patients with germline mutations. The 
morphological distinction between the baseline 
abnormal marrow morphology and MDS can be 
difficult, due to the lack of an extensive descrip-
tion of the bone marrow findings in disease carri-
ers. For example, congenital thrombocytopenia 
with germline GATA2 and ETV6 mutations shows 
abnormal megakaryopoiesis in the BM, similar to 
MDS dysmegakaryopoiesis. Although the crite-
ria for MDS progression in this setting have not 
yet developed, a number of features have been 
suggested and should raise the concern for pro-
gression to MDS [81]: (1) development of ane-
mia and/or neutropenia, in addition to the 
thrombocytopenia, with the exclusion of any 
nonneoplastic causes; (2) dysplasia in erythroid 
and/or myeloid precursors in the BM addition to 
dysmegakaryopoiesis; (3) an acquired clonal 
cytogenetic or molecular genetic abnormality; 
and (4) older patient age.

The same germline mutations can also occur 
as somatic acquired mutations in patients with de 
novo MDS/AML. Therefore, finding a pathogenic 
mutation is not sufficient for diagnosis; it is nec-

essary to confirm that the abnormality is germ-
line, preferably with skin biopsy testing. It is 
noteworthy that over half of patients with heredi-
tary myeloid neoplasms have mutations that are 
as of yet unknown.

In summary, in practice, if a case is classic for 
a particular syndrome with typical physical 
anomaly or has a very-early-onset isolated cyto-
penia (either thrombocytopenia or anemia or 
severe neutropenia) typical of a particular syn-
drome, the test panel can be more selective for 
targeted abnormalities to confirm the diagnosis. 
For example, if flow FISH for telomere length is 
significantly shortened in a patient with mucocu-
taneous abnormalities, a diagnosis of dyskerato-
sis congenita can be easily established. However, 
many patients with inherited BM failure may not 
have associated classic presentation or some sim-
ply no physical abnormalities, and furthermore, 
there is substantial phenotypic overlapping of 
these congenital BM disorders. There is also sig-
nificant overlapping with acquired BM failure. 
Pediatric patients with cytopenias may need a full 
workup that includes flow FISH for telomere 
length, DEB chromosomal breakage testing, hep-
atitis serological studies, PNH flow cytometry, 
parvovirus and other virus testing, autoimmune 
or autoantibody workup, etc. If unrevealing, a 
large gene panel may be tested to screen for 
underlying germline or somatic mutations.

 Myeloid Proliferations Associated 
with Down Syndrome

Individuals with Down syndrome (DS) have a 
10–100-fold increased risk of leukemia com-
pared with non-DS individuals [82, 83]. There is 
an approximately 150-fold increase of AML in 
DS children <5 years of age and more than 50% 
of these neoplasms are acute megakaryoblastic 
leukemia (AMKL). In contrast, AMKL com-
prises only 3–6% of AML in non-DS children 
[84]. Transient abnormal myelopoiesis (TAM) 
affects 10% of DS neonates and 20–30% of these 
infants eventually develop AML in 1–4 years 
[85]. TAM may be morphologically and immun-
ophenotypically indistinguishable from AMKL 
in DS. Due to the unique features of these 
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disorders, they are recognized as myeloid prolif-
erations associated with DS.

It is noteworthy that there is overall increased 
risk of all types of leukemia in DS, including both 
lymphoblastic leukemia and other types of 
AML. The WHO recommends that these cases 
should not be automatically classified as myeloid 
leukemia associated with Down syndrome if they 
meet the diagnostic criteria for leukemia not asso-
ciated with Down syndrome. Similar to any other 
types of acute leukemia, morphological, immuno-
phenotypic, cytogenetic, and molecular proper 
characterization of leukemia must be performed 
to ensure proper diagnosis and right treatment.

 Clinical Features
Transient abnormal myelopoiesis (TAM) associ-
ated with DS occurs in approximately 10% DS 
infants, and does not usually affect babies with 
mosaic trisomy 21. It typically occurs at 3–7 days 
of life. The clinical presentations of TAM are 
highly variable [85–87], ranging from asymp-
tomatic (about 25%) to life threatening (25%). 
Patients often present with leukocytosis with 
circulating blasts and thrombocytopenia. 
Hepatosplenomegaly occurs in about 50–60% of 
patients. The severe forms show hydrops fetalis, 
hyperleukocytosis (>100 × 109/L), liver failure, 
cardiopulmonary failure, and pericardial and 
pleural effusions. Patients also have a wide range 
of physical and laboratory abnormalities at the 
time of diagnosis. In most patients, the process 
undergoes spontaneous remission within the first 
3 months of life. Patients with life-threatening 
disease may have fatal clinical complications. 
Approximately 20–30% of the patients with 
TAM go on to develop AML within the first 4 
years of life [88].

Acute myeloid leukemia associated with DS: 
About one-third to two-thirds of AML associated 
with DS is often preceded by a myelodysplastic 
syndrome (MDS)-like phase [89]. There are no 
biological differences nor are prognostic or thera-
peutic implications between MDS and overt 
AML; therefore, “myeloid leukemia associated 

with Down syndrome” includes both MDS and 
AML. It is noteworthy that some myeloid leuke-
mia- DS cases have no documented history of 
TAM [86].

The MDS phase manifests as progressive throm-
bocytopenia followed by anemia. Neutropenia is 
not common. Some patients develop hepatomegaly 
and liver failure due to fibrosis and disease progres-
sion. AMKL develops during the first 4 years of life, 
with a median age onset of 2 years.

Unlike non-DS patients with AMKL who 
generally have a poor prognosis, DS patients 
with AML show excellent clinical outcome 
when treated with reduced-intensity chemother-
apy protocols [90]. Myeloid leukemia in older 
children with DS with GATA1 mutation has an 
inferior prognosis and the treatment outcome is 
comparable to GATA1+ AML in non-DS 
patients.

 Morphology
There are the striking similarities between TAM 
and AML in DS children. Peripheral blood from 
both TAM and AML often shows circulating 
blasts with basophilic cytoplasm and cytoplasmic 
blebbing suggestive of blasts with megakaryo-
blastic differentiation (Fig. 3.12). TAM often 
presents with moderate leukocytosis with a WBC 
of 28–40 × 109/L). Twenty to thirty percent of 
patients present with hyperleukocytosis (WBC 
>100 × 109/L). HGB and platelet count are only 
mildly decreased or normal. Some patients may 
have peripheral blood basophilia. The bone mar-
row blast infiltrate (Fig. 3.13) in TAM may be 
less impressive than PB, with a lower number of 
blasts. Dyserythropoiesis and dysmegakaryopoi-
esis are often present in the bone marrow 
(Fig. 3.13). In patients with trisomy 21 mosa-
icism, AML with megakaryocytic differentiation 
may be the first presentation that leads to a diag-
nosis of Down syndrome (Fig. 3.14).

In patients with myeloid leukemia, the MDS- 
like phase often shows no increase in blasts with 
features similar to MDS-refractory cytopenia of 
childhood. Erythroid and megakaryocytic dyspla-
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sia is often more pronounced than that of cases 
with an initial presentation of AML. In the bone 
marrow aspirate, the blasts often have round to 
slightly irregular nuclear contours and a moderate 
amount of basophilic cytoplasm; cytoplasmic 
blebs may be present. The blasts may contain 
basophilic granules that are MPO negative. 
Erythroid precursors often show megaloblastic 
changes and dysplastic features. Dysgranulopoiesis 
may be present. Fibrosis is frequently present.

 Immunophenotype
The immunophenotype of leukemic blasts in TAM 
and AMKL is very similar [87, 91, 92]. In most of 
the cases, the blasts are positive for CD34, CD117, 
myeloid antigen CD13, and CD33, CD11b, mega-
karyocytic marker CD42, CD36, CD41, CD61, 
and frequent aberrant expression of CD7, CD56, 
and CD4, and they are negative for MPO, HLADR, 
CD15, CD14, and glycophorin A. Of note, this 
immunophenotype is different from AMKL in 

Fig. 3.12 Peripheral blood smear of transient abnormal 
myelopoiesis (TAM) in a neonate with Down syndrome. 
Circulating blasts are detected in the first week of life. The 

blasts are large with basophilic cytoplasm and cytoplas-
mic blebbing (courtesy of Julia Geyer, MD, Cornell 
Medical Center)

a b

Fig. 3.13 Bone marrow of transient abnormal myelopoi-
esis (TAM) in a neonate with Down syndrome. Bone mar-
row biopsy (a) is hypercellular showing a proliferation of 
abnormal megakaryocytes. The megakaryocytes have 
widely separated nuclear lobes; some are small. There is 
retained granulopoiesis. On bone marrow aspirate smear 

(b), there are a few blasts (arrows), less impressive than 
the peripheral blood (Fig. 3.12). Many granulocytes and 
precursors are seen, with abundant cytoplasm and azuro-
philic and some basophilic granules (courtesy of Julia 
Geyer, MD, Cornell Medical Center)
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adults that are often negative for CD117, CD13, 
and CD33. In AML associated with DS, about half 
of the cases are reported to be CD34 negative. The 
blasts may not express all megakaryocytic markers 
or only weak or partially express some of the 
markers (Fig. 3.15), especially with CD41. CD56 
is less likely to be positive in AMKL comparing to 
TAM blasts. Immunohistochemical stains with 
CD41, CD42b, and CD61 may be particularly use-
ful for identifying cells of megakaryocytic differ-
entiation (Fig. 3.14), especially in cases with 
significant fibrosis.

It is noteworthy that in a subset of cases, the 
leukemia blasts do not show apparent mega-
karyoblastic differentiation. Megakaryocytic dif-
ferentiation is not required for the diagnosis. 

 Cytogenetics and Molecular Genetics
GATA1 mutations are common in both TAM and 
AML, occurring in nearly 100% of cases [93, 
94]. GATA1 mutations are overall detected in 
about 3–5% of DS neonates by Sanger sequenc-
ing. Recently, targeted next-generation sequenc-
ing (NGS) has shown frequent (about 20%) low 
abundance of GATA1 mutant clones in DS neo-
nates; many of these neonates had no clinical 
features of TAM [95], but GATA1 mutation 
might confer a 5–10% risk of subsequently 
developing AML.

Additional cytogenetic changes apart from the 
constitutional trisomy 21 can be seen in both TAM 
and AML, but are more frequent in AML (70–80% 
versus 20–30%) [96, 97]. Trisomy 8 is a common 

a

c d

b

Fig. 3.14 Acute myeloid leukemia in a patient with con-
stitutional trisomy 21 mosaicism. A 1-year-old child pre-
sented with acute leukemia. Bone marrow biopsy (a) is 
hypercellular showing a proliferation of abnormal mega-
karyocytes. The megakaryocytes are large with widely 
separated nuclear lobes. On bone marrow aspirate smear 

(b), there are many blasts, medium to large with very 
scant cytoplasm. The blasts are CD34+ (c) by immunohis-
tochemistry. CD42b highlights large megakaryocytes, and 
a few monolobated forms/blasts (d). The patient was 
found to be mosaic for trisomy 21 (courtesy of Julia 
Geyer, MD, Cornell Medical Center)
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cytogenetic abnormality in AMKL syndrome, 
occurring in 13–44% of patients but monosomy 7 
is very rare. Whole-genome sequencing data has 
shown that DS-related myeloid proliferations 
reflect a sequential acquisition of new mutations 
and clonal selection [98]. GATA1 mutation appears 
to initiate the TAM phase and this proliferation 
may be further driven by mutations in cohesin 
CTCF, EZH2, or other epigenetic regulators, and 
RAS, leading to AMKL.

 Differential Diagnosis
The most reliable criteria in distinguishing TAM 
versus AMKL lie in the clinical course. TAM 
occurs in the first week of life and AML has a 
median age of onset of 2 years. A significant frac-
tion of patients with AML has a MDS phase with 
no increased blasts. Secondary chromosomal 
abnormalities, such as +8, are observed in a 
higher frequency in AMKL than TAM. In gen-
eral, TAM should resolve within several weeks to 

3–4 months: the study from the Children’s 
Oncology Group reported a median of 36 days 
(2–126 days) to achieve spontaneous remission 
in TAM [85]. It is noteworthy that about 20–30% 
of TAM patients eventually develop AML; there-
fore patients with TAM will need close follow-up 
for subsequent MDS/AML.

TAM in non-DS individuals is rare. In reported 
cases [99, 100], the leukemic blasts carried cyto-
genetic abnormalities involving chromosome 21, 
mostly +21, but these abnormalities were not in 
the non-hematopoietic cells. One recent case 
report documented GATA1 mutation in leukemic 
blasts, suggesting a molecular pattern of leuke-
mogenesis similar to DS-associated TAM [101–
103]. Examined skin fibroblasts may be needed 
to confirm no constitutional +21 abnormalities in 
these patients.

Acute megakaryoblastic leukemia with t(1;22)
(p13;q13); RBM15-MKL1 is extremely rare gen-
erally showing megakaryocyte differentiation 
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Fig. 3.15 Acute megakaryoblastic leukemia in a patient 
with Down syndrome. A 2-year-old child presented with 
acute leukemia. Flow cytometry shows that the blasts are 

CD61+, but CD36 negative, negative for HLADR, and 
positive for CD117 (courtesy of Silvia T. Bunting, MD, 
Children Health Care of Atlanta)
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and most commonly occurs in infants without 
DS, and is classified under AML with recurrent 
cytogenetic abnormalities. Acute megakaryo-
blastic leukemia (AMKL), NOS is defined as an 
AML with ≥20% blasts of which ≥50% are of 
megakaryocyte lineage in individuals without DS 
and often occur in adult patients.
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Cytopenias: Acquired Bone 
Marrow Failure

Sa A. Wang

Overview

Acquired bone marrow failure can attribute to a 
number of mechanisms, such as the loss of plu-
ripotent hematopoietic stem cells; bone marrow 
replacement by metastatic carcinoma, lymphoma, 
leukemia or fibrosis; maturation arrest as a result 
of nutritional/metabolic deficiency or clonal 
hematopoietic stem neoplasm such as myelodys-
plastic syndrome (MDS).  BM failure due to an 
infiltrative process and MDS are discussed under 
Chapter 2, and BM failure associated with a con-
genital genetic predisposition under Chapter 3.  
This chapter will focus on Aplastic anemia and   
Paroxysmal nocturnal hemoglobinuria (PNH).

 Aplastic Anemia

Aplastic anemia (AA) is characterized by dimin-
ished or absent hematopoietic precursors in the 
bone marrow (BM), most often due to injury to the 
hematopoietic stem cells. AA can be congenital 
but is more frequently acquired. Acquired AA 
preferentially affects young adults (20–25 years) 
and individuals over the age of 55–60 years [1]. 

The incidence of acquired AA is estimated at two 
per million annually, and occurs at higher rates in 
countries with increased rates of viral hepatitis [2]. 
Table 4.1 lists the causative agents that have been 
reported associated with acquired AA. However, 
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Table 4.1 Major causes of acquired aplastic 
anemia

Idiopathic (70% of all aplastic anemia)

Cytotoxic drugs and radiation

• Drugs

– Antibiotics: Chloramphenicol, sulfonamides

–  Anticonvulsants: Felbamate, carbamazepine, 
phenytoin, valproic acid, phenytoin, nifedipine

–  Anti-inflammatory: Phenylbutazone, 
indomethacin

•  Chemicals: Industrial chemicals such as benzene, 
and pesticides

•  Radiation

Viral infections

• Parvovirus B19

• Hepatitis A, B, G

• Human immunodeficiency virus infection (HIV)

• Epstein-Barr virus (EBV), cytomegalovirus (CMV)

Immune disorders including autoimmune diseases

• Eosinophilic fasciitis

• Systemic lupus erythematosus

•  Graft-versus-host disease (GvHD), including 
transfusion-related GvHD

Miscellaneous

• Paroxysmal nocturnal hemoglobinuria (PNH)

• Thymoma, thymic carcinoma

• Pregnancy

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-20279-2_4&domain=pdf
mailto:swang5@mdanderson.org
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despite numerous, diverse possible causes, from 
chemicals and drugs to viral, collagen vascular 
diseases and pregnancy, in about 70% of patients, 
the cause cannot be clearly determined and the AA 
is considered to be idiopathic [3]. It has been sug-
gested that immune- mediated destruction/sup-
pression may be the underlying cause in many of 
the patients with idiopathic AA. It has been postu-
lated that damage induced by chemicals, drugs, 
viruses, or antigens leads to lymphocyte activation 
resulting in destruction of BM hematopoietic 
cells [4]. Studies have shown that autoreactive 
T-lymphocytes from the BM of patients with AA 
can inhibit hematopoiesis when co-cultured with 
normal marrows [5, 6]. This inhibition may be 
mediated by the release of marrow-suppressing 
cytokines, such as interferon gamma (IFN-γ), 
tumor necrosis factor (TNF), and interleukin-2 [1], 
ultimately leading to apoptosis of BM hematopoi-
etic stem cells. IFN-γ may also lead to increased 
expressions of the Fas and Fas receptor [7]. 
Telomeric attrition resulting in critically shortened 
telomeres, prompting cellular senescence or crisis, 
has also been considered as one of the underlying 
causes of AA. Inherited heterozygous mutations in 
the genes that repair or protect telomere may limit 
marrow stem cell self-renewal and predispose 
some patients to marrow failure [8, 9].

In recent years, it has been increasingly recog-
nized that acquired AA, at least in a large fraction 
of patients, is linked to clonal hematopoiesis [10] 
(see “Molecular Genetics” section below).

 Clinical Features
The clinical presentation of acquired AA is vari-
able. Disease onset is often insidious, and the ini-
tial symptoms are usually related to anemia or 
bleeding, and infections. Anemia is usually nor-
mocytic but occasionally may be macrocytic, and 
is associated with absolute reticulocytopenia. 
Infections are typically bacterial, including sep-
sis, pneumonia, and urinary tract infection. 
Invasive fungal infection is a common cause of 
death, especially in subjects with prolonged and 
severe neutropenia [11]. Patients usually do not 
have splenomegaly or lymphoadenopathy.

Serologic testing for hepatitis and other 
viral pathogens, such as Epstein-Barr virus 

(EBV), cytomegalovirus (CMV), and human 
immunodeficiency virus (HIV), and an evalua-
tion for autoimmune diseases may be helpful. 
However, the association between onset of AA 
and exposure to the offending agent varies 
greatly, and in many patients, a cause is never 
identified.

The clinical outcome and management deci-
sion of acquired AA depend in part upon the 
severity of AA, which is based on the degrees of 
the cytopenia(s). Significant cytopenias are 
defined as HGB < 10 g/L, absolute neutrophil 
count (ANC) < 1.5 × 109/L, and platelets 
<50 × 109/L [12]. To define AA, there must be at 
least two of the three cytopenias reaching the 
above levels [12, 13]. Moderate (non-severe) AA 
is defined as no severe pancytopenia but shows at 
least two cytopenia(s) below the above mentioned 
ranges but with an ANC ≥0.5 × 109/L. Severe and 
very severe AA are defined as the presence of 
severe pancytopenia, of which an ANC count of 
0.2–0.5 × 109/L is considered as “severe” and 
ANC <0.2 as “very severe.” The definitions of AA 
severity are shown in Table 4.2.

 Morphology
Bone marrow (BM) biopsy is required to assess 
BM cellularity. Non-severe (moderate) AA usually 
has a cellularity lower than age-appropriate cel-
lularity, often <50% in children and <30% in 
adults, while severe and very severe AA have a 
cellularity <25%. Typical BM biopsy (Fig. 4.1) 
shows a profound hypocellularity with decreased 
trilineage hematopoiesis. Erythroid islands are 
generally small if present. Megakaryocytes may 
be difficult to visualize. In addition, there is a 
relative increase in small lymphocytes, plasma 
cells, stromal cells, and mast cells. In some 
patients with severe and very severe AA, the BM 
cellularity may be higher than 30%, but com-
prises predominantly of inflammatory cells rather 
than hematopoietic cells. The BM aspirate is 
often hypocellular, containing acellular spicules.

In AA, the residual hematopoietic cells are often 
morphologically normal, but some mild dyseryth-
ropoiesis with megaloblastoid maturation may be 
observed. Megakaryocytes in AA are within the 
normal limits morphologically, but the low num-
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ber of megakaryocytes may make the evaluation 
of megakaryocytic dysplasia difficult; applying 
immunohistochemistry stains to help visualize 
megakaryocytes (such as CD61 and/or CD42b) 
may aid in revealing if the megakaryocytes appear 
normal or dysplastic. Morphological assessment 
for dysgranulopoiesis can be performed on a 
peripheral smear in addition to the BM aspirate.

 Immunophenotype
Flow cytometric studies show that the bone 
marrow of AA patients has a decreased CD34+ 
cell count. Within the CD34+ cell compart-
ment, there is retained differentiation to imma-
ture precursor B cells (hematogones) (Fig. 4.2). 
The CD34+ cells have a normal immunopheno-
type (Fig. 4.2). The myelomonocytic matura-
tion analyzed by flow cytometry is often normal 
in AA.

Blood cells deficient in glycosyl phosphati-
dylinositol-anchored membrane proteins (GPI 
proteins)-paroxysmal nocturnal hemoglobin-
uria (PNH) cells have been reported in 30–60% 
AA patients, and the presence of a PNH clone 
can be used to support a diagnosis of AA [1, 
14]. The mechanism of PNH appearance in AA 
likely involves an escape of PNH cells from the 
immune attack associated with acquired AA 
[15]. Interestingly, PNH virtually never arises 
from inherited forms of AA [16]. Thus, in chil-
dren and young adults, the presence of a small 
PNH clone in the setting of a hypocellular BM 

virtually excludes a diagnosis of an inherited 
BM failure disorder.

The PNH clones are frequently below 1%, 
and in the majority, <10% of the respective cell 
lineage cells analyzed. Since most of these 
clones are small, they do not lead to clinical 
manifestations of hemolysis or thrombosis. The 
presence of a minor population of PNH-type 
cells in AA correlates with a positive immuno-
suppressive therapy response and a favorable 
prognosis [17]. The detection of a small PNH 
clone relies on a high- sensitivity flow cytomet-
ric analytic method (please see the details under 
PNH disease). FLAER (fluorochrome-conju-
gated version of a non-lysing mutated form of 
proaerolysin) [18] assay is the recommended 
test in the detection of small PNH clones 
(Fig. 4.3). Analysis should be performed on 
granulocytes and monocytes, which are gener-
ally more sensitive than red blood cells in 
detecting a small PNH clone. To define PNH+ 
cells, GPI-deficient cells should be found in ≥2 
different cell lineages at a frequency of >0.01% 
of all cells [19, 20].

It is noteworthy that classic PNH can be asso-
ciated with marrow failure (the so-called aplastic 
anemia/PNH syndrome), and all PNH patients 
show evidence of underlying hematopoietic defi-
ciency [21]. It has been suggested that some 
HLA-dependent immune mechanism plays an 
important role in the occurrence or selection of a 

Table 4.2 Aplastic anemia (AA) grading: moderate, severe, and very severe

Moderate (or non-severe) AA Severe AA Very severe AA

Cytopenia(s) defined as
• HGB <10 g/L
• ANC <1.5 × 109/L
• Platelets <50 × 109/L

Two of the three cytopenias, no severe 
pancytopenia

Severe pancytopenia Severe 
pancytopenia

 –  ANC (×109/L) ≥0.5 0.2–0.5 <0.2

 – Platelets(×109/L) Usually 80–100 Usually <20

Reticulocytes (mL−1) Usually 40–60,000 <40,000

Bone marrow cellularity Usually <30–50% in children and 
<30% in adults

<25% or, <50% but hematopoietic cells 
constitute <30% of cellularity

Median survival and 
outcome

60–70 months, spontaneous recovery 
may occur

Most patients <12 months if untreated. 
Spontaneous recovery is unlikely

Treatment No consensus recommendations Immunosuppressive therapy
Hematopoietic cell transplantation

HGB hemoglobin, ANC absolute neutrophil count
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Aplastic Anemia Hypoplastic MDS

Fig. 4.1 Bone marrow findings of very severe aplastic 
anemia (AA) (Left) versus hypoplastic MDS (Right). In 
AA, the bone marrow trephine biopsy is profoundly hypo-
cellular with trilineage hypoplasia (Upper Left). The 
small areas of preserved cellularity comprise mainly small 
lymphocytes, plasma cells, and stromal cells (Middle 
Left). CD34 immunohistochemistry stain shows decreased 
or absent CD34+ hematopoietic cells (Lower Left). 

Hypoplastic MDS also shows a hypocellularity, but with 
focal clusters of hematopoietic cells (Upper Right). The 
aspirate smear is hypocellular, but erythroid clusters with 
dyserythropoiesis are present (Middle Right). CD34 
immunohistochemistry stain shows easily identifiable 
CD34+ blasts, focally clustering (Lower Right). These 
 morphologic features differ from those of AA
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Fig. 4.2 Flow cytometry 
comparison of aplastic 
anemia (AA, left column) 
and hypoplastic myelodys-
plastic syndrome (MDS, 
right column). On CD45/
SSC (a), compared to AA, 
MDS shows decreased side 
scatter of granulocytes 
(short arrows) and lack of 
hematogones (long 
arrows). (b) CD34+ cells 
are very low in number 
(0.08%) in AA versus a 
more distinct CD34+ 
population (0.49%) in 
hypoplastic MDS. (c)–(e) 
Within the CD34+ 
population (all red dots), 
AA shows retained stage I 
hematogones (arrows, 
about 40–50% of total 
CD34+ cells are CD19+ 
CD10+ cells) and normal 
expressions of CD13, 
CD123, and CD117 on 
myeloid precursors (not 
pointed by arrows). In 
contrast, hypoplastic MDS 
(Right) shows an absence 
of stage I hematogones and 
increased expression of 
CD13, CD123, and CD117 
on myeloblasts. The mean 
florescence intensity (MFI) 
of each marker on 
immature myeloid cells is 
shown on the respective 
plot
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Fig. 4.3 Flow cytometry assay for paroxysmal nocturnal 
hemoglobinuria (PNH). A lineage marker is required to 
define (gate) the cell population for analysis. The left col-
umn shows CD15 for neutrophils, CD64 for monocytes, 
and CD235a (glycophorin) for red blood cell (RBC) gat-
ing. Leukocytes are better than RBCs for the detection of 

small PNH clones. In this case, 61.93% granulocytes, 
58.83% of monocytes and 5.695% of RBCs completely 
lack GPI-linked proteins (PNH type III cells). In addition, 
0.063% of RBCs show partial loss of GPI proteins (PNH 
type II cells). Type II PNH cells are not seen in the granu-
locytes and monocytes

S.A. Wang



125

PNH clone and GPI itself may be a target for 
cytotoxic T lymphocytes [22].

In AA patients treated with immunosuppres-
sive therapy, the PNH clones may reduce in size 
(Fig. 4.4), persist, or expand.

 Cytogenetics and Molecular Genetics
In recent years, with the advance of next- 
generation sequencing (NGS) technology, clonal 
hematopoiesis has been found in nearly half of 
AA patients [23]. Healthy individuals are now 
known to accumulate structural genomic rear-
rangements and somatic mutations as a part of 
normal aging mutations [24]; in AA, these preex-
isting age-related somatic mutations are expanded 
through autoimmune selection and hematopoietic 
stress. It has been shown that aging-related muta-
tions in DNMT3A, TET2, and spliceosome factor 
genes are more frequent and occur at a higher 
mutant allele fraction in older AA patients than 
younger AA patients [23, 25]. Additionally, muta-
tions in ASXL1 and BCOR/BCORL1 [23, 26] are 
significantly overrepresented in AA compared to 
their relative prevalence in similarly aged indi-
viduals, outnumbering DNMT3A and TET2. 
Notably, in all age groups of AA patients, muta-
tions in PIGA and loss of HLA class I alleles 
(such as copy number neutral loss of heterozygos-
ity on chromosome 6p: 6p CN-LOH), two proto-
typical markers of immune escape in AA, are the 
most prevalent [27, 28]. It is likely that genetic 
mutations in hematopoietic stem cells confer a 
selective advantage in the AA BM environment.

The implications of age- and MDS-related 
somatic mutations in AA are complex and require 
a cautious interpretation. The detection of a PNH 
clone, or loss of HLA alleles through 6p CN-LOH 
or somatic inactivation, supports a diagnosis of 
AA. Patients with PIGA, BCOR, or BCORL1 
mutations are found to have an improved response 
to immunosuppressive therapy and therefore 
prognostically favorable [23]. DNMT3A, ASXL1, 
TP53, RUNX1, and PRM1D have been reported 
to be associated with a shorter overall survival 
[23], particularly in patients <60 years of age, 

whereas the significance of other age-related 
somatic mutations is less clear.

Bone marrow cytogenetic abnormalities can 
occur infrequently at the time of AA diagnosis, with 
an incidence of approximately 4–5% [29–32]. The 
most common abnormalities are del(6), del(5q), 
del(13), del(20q), -7, and +6, which may persist or 
disappear with hematopoietic recovery after treat-
ment. Except for +6 which often shows no response 
to immunosuppressive therapy [31, 32], AA with 
other clonal chromosomal abnormalities and AA 
with a normal karyotype show a similar response to 
immunosuppressive therapies and have a compara-
ble risk for MDS or AML progression. Therefore, 
the presence of clonal cytogenetic abnormalities 
should not be used as presumptive evidence of   
MDS in the absence of other features of MDS. 
Cytogenetic abnormality detected in AA at MDS 
evolution include -7, 11q23 abnormalities, and chro-
mosomal 9 abnormalities [33, 34]. Unlike a cytoge-
netic abnormality present at diagnosis, the emergence 
of a new clonal karyotypic abnormality in a patient 
with AA generally heralds MDS progression.

Clonal evolution occurs in about 10–20% of 
AA patients; in other cases, the disease may be 
stable for many years without progression. The 
incidence of clonal evolution increases substan-
tially among patients who are successfully treated 
by immunosuppressive therapy and hematopoi-
etic growth factors [6, 33, 35–37]. AA can prog-
ress to PNH, MDS, or AML.

Approximately half of patients with AA have 
a detectable PNH clone (see “Immunophenotyic 
Studies” section above) that can expand during 
immunosuppressive therapy, and these patients 
may have increased vulnerability to complement- 
mediated hemolysis. Progression to clinically 
significant PNH has been described in 15–25% 
of the treated AA patients [16, 38, 39]. The evolu-
tion rate of AA to MDS is estimated at 5–15%.

 Differential Diagnosis
The main differential diagnosis of AA is hypo-
plastic/hypocellular MDS; in some cases, it is vir-
tually impossible to separate these entities 
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clinically and morphologically. The presence of 
mild dyserythropoiesis is common in AA, and 
should not be used to exclude an AA diagnosis. A 
number of subtle bone marrow findings may assist 
in the differential diagnosis of AA versus hypo-
plastic MDS (Table 4.3). Accurate evaluation of 
the blast percentage and presence of myeloid and 
megakaryocytic dysplasia in a severely hypoplas-
tic marrow can be particularly challenging [38]. A 
CD34 stain by immunohistochemistry often 
reveals decreased CD34+ cells in AA [40] 
(Fig. 4.1) while they are normal or increased in 
hypocellular MDS (Fig. 4.1). P53 immunohisto-
chemistry should not show strong-expressing 
cells in AA (<1%), but can be positive in a subset 
of MDS. Age-related mutations are very common 
in AA and therefore cannot be used to reliably dif-
ferentiate AA from MDS.

Determining MDS evolution in AA patients 
who are treated with immunosuppressive therapy 
can be even more challenging. Notably, AA 
patients who are treated with immunosuppressive 
therapy may recover the BM cellularity, but fre-
quently remain cytopenic; and when a complete 
clinical response is obtained, recurrence is com-
mon. MDS evolution in AA is characterized by a 
diffuse or patchy increase in bone marrow cellu-
larity (27% of cases), while a continued hypocel-
lularity is found in one-third of the patients with 
MDS evolution. Treated AA often displays mild- 
to- moderate dysplasia, especially in the erythroid 
lineage. Certain drugs that may be used in AA 

patients, such as antimetabolites, and superim-
posed viral infections can also produce BM 
dyspoietic changes that can complicate the evalu-
ation for an evolving MDS.

A diagnosis of MDS evolution in AA can 
only be made by combining clinical, laboratory, 
BM morphology, cytogenetic, and immunophe-
notypic data. The following findings in this set-
ting are considered as highly suggestive of 
evolution to MDS: (1) increased BM or periph-
eral blood blasts; (2) marked dysplasia in the 
granulocytic or megakaryocytic lineage; or (3) a 
newly emerging MDS-related clonal cytogenetic 
abnormality. As for mutations, in treated patients, 
clonal hematopoiesis can be detected by NGS in 
about 85% of patients with adult-onset AA and 
in over 60% of patients with pediatric-onset 
AA. It is debatable if the presence of unfavorable 
somatic mutations, such as DNMT3A, ASXL1, 
TP53, RUNX1, and PRM1D, in patients with 
persistent cytopenia but lack of other criteria of 
MDS is sufficient to diagnose a MDS evolution 
in AA patients.

Flow cytometry immunophenotyping can 
be particularly useful in this setting. While 
 identification of a PNH clone is common in AA 
patients and supports an AA diagnosis, a PNH 
clone, often detected at a lower level (<1%), 
has been reported in about 10% of MDS cases 
without excess blasts. MDS cases with a PNH 
clone often show dysplasia limited to erythroid 
lineage cells; with little or no dysplasia in 

Fig. 4.4 Aplastic anemia with a paroxysmal nocturnal 
hemoglobinuria (PNH) clone, pre- and post treatment. A 
patient with severe aplastic anemia at the time of diagno-
sis (Left side figures) showed a profound marrow hypocel-
lularity and a large PNH clone (arrows) in granulocytes 
(33.27%), monocytes (Type III = 33.11%, Type 
II = 7.23%), and RBCs (Type III = 1.928%, Type 

II = 1.107%). After immunosuppressive therapy (Right 
side figures), the bone marrow recovered trilineage hema-
topoiesis and a normal cellularity. The PNH clone 
decreased to 4.5% in granulocytes and 7.3% in mono-
cytes, but the PNH clone relatively increased in RBCs, 
likely due to no longer requiring blood transfusions

Lineage- defining  
markers

GPI markers Other GPI markers that 
may be used

Granulocytes CD15 FLAER, CD24 CD16, CD66b

Monocytes CD64 FLAER, CD157 CD14

Red blood cells CD235a (glycophorin) CD59 CD55

Table 4.3  
Markers recom-
mended for PNH 
testing by flow 
cytometry
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myeloid and megakaryocytic lineages [41]. 
Flow cytometry immunophenotying of CD34+ 
cells is a very useful method to determine a neo-
plastic versus nonneoplastic process in this set-
ting (Fig. 4.2). On flow cytometry study of bone 
marrow from AA patients, CD34+ blasts are 
often very low in number, do not form a discrete 
population, and show retained hematogones 
(normal immature B-cell precursors), and lack 
immunophenotypic aberrancies. In contrast, 
hypoplastic MDS or MDS evolving from AA 
often show a discrete myeloblast population, 
which demonstrates various immunopheno-
typic aberrancies [42]. The most common find-
ings include loss of hematogones; altered 
expression level of CD13 (increased), CD38 
(decreased), CD117 (increased), and/or CD123 
(increased); or aberrant expression of lymphoid 
antigens. The identification of immunopheno-
typic aberrancies in blasts is highly suggestive 
of a diagnosis of MDS rather than AA.

Idiopathic AA must also be distinguished from 
transient myelosuppression caused by drug, toxin, 
or infection. In transient cytopenia(s) with a hypo-
cellular marrow, interrogation of the clinical history 
is critical in identifying the causative agent; in some 
cases, the cytopenias resolve spontaneously without 
identifying an underlying cause, which may be an 
unrecognized viral infection. In order to exclude the 
possibility of a transient hypoplastic process due to 
an exogenous factor, it is recommended that an AA 
diagnosis should only be considered if cytopenias 
are persistent and the clinical and laboratory work-
up is extensive and thorough but unrevealing.

Other conditions that can cause a profound 
hypocellular BM include anorexia nervosa or pro-
longed starvation, mycobacterial infection, and 
lymphomas. The differential diagnosis of AA 
with hereditary bone marrow failure syndromes 
and with pediatric MDS (refractory cytopenia of 
childhood) is discussed separately in Chap. 3.

 Paroxysmal Nocturnal 
Hemoglobinuria (PNH)

Paroxysmal nocturnal hemoglobinuria (PNH) 
has long been classified as acquired hemolytic 
anemia, but it is now recognized as a stem cell 

disorder due to an acquired mutation in the 
PIGA gene that is located on the X chromo-
some. PIGA is involved in the synthesis of the 
glycosylphosphatidylinositol (GPI) anchor pro-
teins that link dozens of cell-surface proteins to 
the plasma membrane on hematopoietic cells. 
GPI-link protein CD55 (decay-accelerating 
factor) prevents the formation of C3 convertases 
in the complement cascade, and CD59 inhibits 
assembly of the membrane attack complex of 
complement. Deficiency in these proteins on red 
cell surface is responsible for complement sen-
sitivity of red cells in PNH. Classical PNH is 
characterized by complement-mediated intra-
vascular hemolysis, as well as extravascular 
hemolysis. The latter is due to complement-
mediated destruction of red blood cells by retic-
uloendothelial macrophages in the liver and 
spleen. PNH can arise de novo or in the setting 
of an underlying bone marrow disorder such as 
aplastic anemia (AA). The reported incidence of 
clinically significant PNH is 1–10 cases per mil-
lion population [43].

In recent years, the clinical heterogeneity of 
PNH has been increasingly recognized. While 
classic PNH manifests complement-mediated 
hemolysis, in other patients, bone marrow failure 
dominates the clinical picture with modest or 
even no evidence of hemolysis. This clinical het-
erogeneity likely reflects the close relationship 
between PNH and immune-mediated bone mar-
row failure, and the fact that PNH is an acquired, 
clonal disease of the hematopoietic stem cells. 
Bone marrow failure complicates the manage-
ment of PNH, because the intrinsically defective 
hematopoiesis contributes at varying degrees of 
anemia and other cytopenias; in addition, the 
extent to which the mutant stem cell clone 
expands in an individual patient determines the 
magnitude of the hemolytic component of the 
disease. The International PNH Interest Group 
(I-PIG) has proposed a working diagnostic clas-
sification that includes the following three cate-
gories: (1) classic PNH; (2) PNH in the context 
of another bone marrow disorder; and (3) sub-
clinical PNH. The definitions, clinical and labo-
ratory features, bone marrow findings, and PNH 
clone size of these three groups are summarized 
in Table 4.4.
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 Clinical Features
PNH is mostly a disease of adults, with the 
median age of onset in the 30s, and occurs equally 
in men and women [44, 45]. From the data from 
the international PNH registry [44], frequently 
reported symptoms include fatigue (80%), dys-
pnea (64%), hemoglobinuria (62%), abdominal 
pain (44%), and chest pain (33%).

Patients with classic PNH present with unex-
plained hemolytic anemia with jaundice, and red 
or pink urine. Laboratory workup shows anemia, 
increased lactate dehydrogenase (LDH) and bili-
rubin, decreased haptoglobin with a negative 
direct antiglobulin (Coombs) test, and an 

increased reticulocyte count, consistent with 
hemolysis. Thrombosis, mainly venous, occurs in 
about 5% of patients at the time of diagnosis, but 
the incidence of thrombotic events is as high as 
40% over the entire course of disease. Thrombosis 
can involve the hepatic vein, inferior vena cava, 
and portal or splenic veins, and is the leading 
cause of death in patients with PNH. Patients with 
classic PNH have preserved overall bone marrow 
function and mainly present with anemia. 
However, many cases of PNH have some degree 
of bone marrow failure that either exacerbates the 
anemia or leads to pancytopenia. One study con-
sisting of 220 PNH patients reported a 15% inci-

Table 4.4 Comparison of aplastic anemia and hypoplastic MDS

Aplastic anemia Hypoplastic MDS

Bone marrow examination

• Erythroid precursors Lack, or very small erythroid clusters 
(often <10 cells/cluster), 
dyserythropoiesis either absent or mild

Patchy distribution of erythroid clusters, 
left shifted. Dyserythropoiesis is often 
seen

• Megakaryocytes Often absent, or too few to assess 
morphology

Reduced, but more easily identifiable with 
dysplastic features

• Myeloid cells Decreased, dysgranulopoiesis often 
absent

Decreased, more pronounced dysplasia

• I ncreased mast cells, 
lymphocytes, plasma 
cells

Often present Often present

• Reticulin fibrosis Absent Can be present in 20% cases

Immunohistochemistry

CD34 Decreased to absent (<1%) Increased in some cases; if not increased, 
they are easily identified

TP53 Negative (lack of strongly positive cells) Some cases may be positive (presence of 
strongly positive cells)

Flow cytometry immunophenotyping

• CD34+ myeloblasts Deceased; a normal immunophenotype Increased CD13, CD34, CD117, CD123 
expression levels; decreased CD38; 
aberrant lymphoid antigen expressions

• Hematogones Often present Often absent or markedly decreased

• PNH clones 40–50% cases Much less frequent (10% very low grade 
MDS), if present, the clone size is very 
small

Cytogenetics Often normal; some abnormalities may 
be seen, often involving small number 
of metaphases, could be transient

50% abnormal; however, markedly fatty 
marrows may lead to cytogenetic failures. 
FISH may be used in cases with 
insufficient metaphases

Molecular genetic studies Mutations are very common, in about 
50% of patients
PIGA, BCOR, and BCORL1 mutations 
are in favor of AA; ASXL1, and other 
age-related somatic mutations can be 
detected

SF3B1, SRSF2, TET2, AXSL1, RUNX1, 
U2AF1, TP53, IDH1/2, EZH2
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dence of pancytopenia at the 8 years of follow-up 
[45]. Some of these patients may belong to the 
group “PNH in the context of another bone mar-
row disorder,” who show evidence of not only 
hemolysis but also another primary BM abnor-
mality such as AA, MDS, or primary myelofibro-
sis (PMF) (Table 4.4).

“Subclinical PNH” is defined by the pres-
ence of a small population of PNH cells, with-
out clinical or laboratory evidence of 
hemolysis, often in association with AA or 
MDS. It may be also observed in some patients 
with cytopenia(s) but not filling the criteria for 
AA or MDS. As discussed above, a PNH clone 
is identified in up to 60% of AA patients and in 
about 10% of MDS without excess blasts. Over 
time, the PNH clone size in AA may increase, 
and a subset of patients may develop classic 
PNH [46].

 Morphology
In classic PNH where there is significant hemo-
lysis, PB smears often show anisopoikilocyto-
sis, increased polychromatic cells, and some 
nucleated RBC, features of intravascular and 
extravascular hemolysis. In patients who develop 
BM failure, PB often shows pancytopenia.

Bone marrow examination is not required for a 
diagnosis of PNH, but should be performed in 
patients with significant cytopenia(s) other than 
anemia. The BM in classic PNH (Fig. 4.5) is usu-
ally normocellular or slightly hypercellular with 
erythroid hyperplasia due to the intravascular and 
extravascular hemolysis. Mild dyserythropoiesis is 
common as a manifestation of “stress erythropoie-
sis.” Stainable iron is often absent. Of patients with 
PNH in the context of another bone marrow disor-
der, the most commonly associated disease is AA, 
followed by MDS, and with rare cases of primary 
myelofibrosis [47] reported. Similarly, patients 
with subclinical PNH mostly have underlying AA 
and less frequently MDS. The diagnosis of these 
entities in patients with PNH clones should follow 
the standard diagnostic approach for AA and MDS.

Fig. 4.5 Classic paroxysmal nocturnal hemoglobinuria 
(PNH). The bone marrow biopsy shows a marked hyper-
cellularity (Top Figure) with normal megakaryocytes and 
erythroid hyperplasia (Middle Figure). The bone marrow 
aspirate smear shows erythroid predominance with dyspoi-
etic changes (“stress erythropoiesis) secondary to hemolysis 
(Bottom Figure)
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 Immunophenotype
Flow cytometry to detect populations of GPI- 
deficient cells is the method of choice for diagno-
sis and monitoring PNH. A consensus guideline 
on screening criteria, reagents, methodology, and 
data analysis has been published by the 
International Clinical Cytometry Society (ICCS) 
[20]. The recommendation guidelines can be 
summarized as follows: (1) since PNH flow 
cytometry testing is to detect cells that are nega-
tive for GPI proteins, a lineage marker that is not 
GPI-anchored protein is required to define the 
population being analyzed. For example, CD15 is 
recommended to use for granulocytes, CD64 for 
monocytes, and CD235a (glycophorin) for red 
blood cells; (2) assessment of PNH populations 
in leukocytes is the best method to determine the 
size of a PNH clone. Neutrophils and monocytes 
should be assessed separately; (3) FLAER, a 
fluorochrome- conjugated inactive variant of 
aerolysin, which binds specifically to GPI 
anchors, is a better reagent than other individual 
antibodies for the detection of the PNH pheno-
type in neutrophils and monocytes. In addition to 
FLAER, assessing another GPI-linked protein is 
recommended to increase the reliability. The rec-
ommended markers are shown in Table 4.5. (4) 
Testing of red blood cells alone is not adequate 
for the evaluation of PNH patients, because 

hemolysis and transfusion may greatly underesti-
mate the size of the PNH clone. However, if a 
large PNH clone is identified in leukocytes, RBC 
analysis is required to assess the severity of 
hemolysis by measuring cells lacking the expres-
sion of GPI-anchored proteins (PNH type III and 
type II cells, see below). (5) In order to detect a 
small PNH clone, the assay should reach 0.01% 
sensitivity. The flow cytometry test is illustrated 
in Fig. 4.3.

CD55 and CD59 are GPI proteins on RBCs. 
CD59 is often brighter than CD55, and is more 
closely associated with intravascular hemolysis. 
Three types of PNH cells have been described 
according to the abundance of GPI-anchored pro-
teins on the cell surface. PNH type I cells have a 
normal level of GPI protein expressions; PNH 
type II cells show a low level (partial) of GPI pro-
tein expression and PNH type III cells show 
absence of GPI-linked proteins. PNH type II cells 
may be shown as a distinct population or a “tran-
sitional” population between PNH type I and 
PNH type III cells (Figs. 4.3 and 4.4). PNH type 
II cells may be due to a mutation in the PIGA 
gene [48] causing limited rather than completely 
abolished production of GPI-linked proteins. In 
general, the degree of hemolysis correlates with 
the size of the erythrocyte PNH clone; however, 
patients with a large percentage of type II RBCs 

Table 4.5 Classification of paroxysmal nocturnal hemoglobinuria (PNH)

Classic PNH PNH in the setting of another 
bone marrow disorder

Subclinical PNH 
(PNH-sc)

Clinical intravascular 
hemolysis

Usually Usually No

Laboratory hemolysis 
(increased LDH, indirect 
bilirubin, low hepatoglobin)

Yes Usually No

Peripheral blood Anemia Anemia but frequent pancytopenia Anemia but frequent 
pancytopenia

Bone marrow Hypercellular 
with erythroid 
hyperplasia

Aplastic anemia or evidence of 
myelodysplastic syndrome or (less 
commonly) another myeloid 
neoplasm

Aplastic anemia or 
evidence of 
myelodysplastic 
syndrome

PNH clone size Large (>10%) Large (>10%) Small (<10%)
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often have less hemolysis than patients with 
mostly or exclusively type III RBCs. Type II and 
type III PNH cells can be determined in leuko-
cytes as well (Fig. 4.4). Figure 4.6 shows an algo-
rithm of flow cytometry immunophenotyping 
studies of PNH phenotype cells.

 Cytogenetics and Molecular Genetics
Acquired mutations in PIGA gene, which is 
located on the X chromosome, occur in early 
hematopoietic stem cells. These acquired 
PIGA mutations show a large spectrum of 
involved loci, spreading throughout the entire 
coding region of the PIGA gene, without any 
specific mutational “hot spot” [49, 50]. The 
majority are frame-shift mutations that create 
a premature stop codon, resulting in a trun-
cated protein product that is unstable and rap-
idly degraded. Interestingly, rare circulating 
blood cells with PIGA mutations and a PNH 
immunophenotype have been detected in 
healthy blood donors [51]. These mutations 
are polyclonal and do not involve lympho-
cytes, indicating that the mutations occur in 
the hematopoietic cells. In contrast to patients 
with classic PNH and/or small PNH clones 
associated with AA/MDS, the PIGA mutations 
in healthy individuals appear to arise in hema-
topoietic precursor cells that lack the capacity 
for self-renewal, rather than in hematopoietic 
stem cells or earlier progenitor cells [52]. In 
PNH secondary to AA and MDS, the hemato-
poietic stem cell carrying a PIGA mutation 
can undergo clonal expansion due to a number 
of reasons, including immune escape, survival 
advantage, and clonal evolution.

 Differential Diagnosis
Coombs-negative hemolytic anemia can mimic 
PNH, and may be caused by (1) hereditary red 
blood cell membrane or enzymatic defects, such as 
hereditary spherocytosis, sickle cell anemia, 
glucose- 6-phosphate dehydrogenase deficiency, 
and pyruvate kinase deficiency; (2) drug- or toxin-
induced hemolysis; (3) paroxysmal cold hemoglo-
binuria due to the presence of cold- reacting IgG 
antibodies; (4) microangiopathic hemolytic ane-
mia; and (5) rarely autoimmune hemolysis, due to 
excessive hemolysis of antibody- coated cells that 
prevent their detection by the Coombs test. Unlike 
PNH, these conditions do not have PNH-type cells 
and are associated with characteristic red blood 
cell morphologies on the peripheral blood smear 
and other distinctive clinical features.

Thrombosis caused by an inherited or 
acquired hypercoagulable state can mimic the 
thrombosis associated with PNH. A variety of 
conditions can cause abdominal and cerebral 
venous thrombosis. Inherited conditions 
include factor V Leiden, prothrombin gene 
mutation, and protein S and C deficiency. 
Acquired conditions include myeloproliferative 
neoplasms, solid tumors associated with hyper-
coagulability, inflammatory diseases, compres-
sion of blood vessels, and antiphospholipid 
syndrome. Thrombosis in PNH is usually asso-
ciated with evidence of intravascular hemolysis 
and often has a large population of PNH- type 
cells detected by flow cytometry.

Finally, as mentioned above, PNH and other 
bone marrow failure syndromes or myeloid neo-
plasms can coexist, and a diagnosis of one does 
not eliminate the possibility of the other. 

Hemoglobinuria
Coombs-negative hemolysis
Unexplained thrombosis with
cytopenia(s) or hemolysis
Aplastic anemia or low-grade MDS   

Classic PNH or PNH
associated with another
bone marrow disorder  

Flow cytometry PNH testing of
granulocytes and monocytes,

with or without RBCs

Small PNH clone
(<10%, often <1%)  

Large PNH clone
(>10%, often >30%)  

PNH clone associated
with bone marrow

failure  

Determine PNH
type I, II and III on RBCs 

Fig. 4.6 Algorithm for 
paroxysmal nocturnal 
hemoglobinuria (PNH) 
testing. RBC red blood 
cell, MDS myelodysplastic 
syndrome
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Therefore, if there is evidence of hemolysis, it is 
important to follow the standard criteria for PNH 
screening in order not to miss the diagnosis of 
PNH whenever it may occur together with other 
disease processes.
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Leukocytosis: Neutrophilia, 
Basophilia, and Blasts

Chi Young Ok and Robert P. Hasserjian

 Overview

White blood cells (WBCs) are generally classified 
into two groups based on the density of granules: 
granulocytes (polymorphonuclear leukocytes) 
and agranulocytes (mononuclear leukocytes). The 
granulocytes contain azurophilic primary gran-
ules (lysosomes) and specific secondary granules 
and can be subdivided into neutrophils, eosino-
phils, and basophils depending on the shape of the 
nucleus and type of granules. The agranulocytes 
contain only azurophilic granules and include 
lymphocytes and monocytes. The specific gran-
ules have specific functions and bind neutral, 
basic, or acidic components of the dye mixture. 
All granulocytes differentiate from CD34+ hema-
topoietic stem cells in the bone marrow, which 
also serves as a site of maturation and a storage 
pool for granulocytes. In the bone marrow of 
healthy individuals, all stages of granulocytes 
(myeloblasts, promyelocytes, myelocytes, meta-
myelocytes, band forms, and mature granulo-
cytes) are observed. Following egress from the 

bone marrow, granulocytes circulate in the blood 
vessels (the “circulating pool”) or are adherent to 
vascular endothelium (the “marginated pool”) and 
finally migrate into the tissue (the “tissue pool”).

Neutrophils constitute approximately 60–70% 
of circulating WBCs. In healthy individuals, mostly 
mature neutrophils with occasional (3–5% of all 
WBCs) band forms are observed in peripheral 
blood. When there is a significant increase in the 
band forms or more immature neutrophilic precur-
sors (metamyelocytes or myelocytes), the term “left 
shift” is often used. Neutrophils are 12–15 μm in 
diameter and have 2–5 nuclear lobes connected by 
fine threads of nuclear material. The half-life of neu-
trophils is 6–8 h in peripheral blood [1]. The azuro-
philic primary granules are large, dense vesicles that 
contain several antibacterial proteins and proteases 
including myeloperoxidase and lysozyme. The spe-
cific secondary granules are not as large as azuro-
philic granules and are faint pink. They play a role in 
antibacterial function and phagolysosomal killing.

Basophils have a similar size to neutrophils 
and constitute less than 1% of circulating WBCs. 
The nucleus has two irregular lobes, but the 
nucleus is usually obscured by the large specific 
basophilic granules. The half-life of basophils is 
estimated at a few days in circulation [2]. The spe-
cific granules stain metachromatically with basic 
dyes (e.g., toluidine blue or Alcian blue) due to 
the presence of heparin and other sulfated glucos-
aminoglycans. These constituents stain deeply 
basophilic on Wright-Giemsa stain of air- dried 

C.Y. Ok, M.D. (*) 
Department of Hematopathology, The University of 
Texas MD Anderson Cancer Center, Houston, TX, USA
e-mail: cok@mdanderson.org 

R.P. Hasserjian, M.D. 
Department of Pathology, WRN244, Massachusetts 
General Hospital, 55 Fruit Street, Boston, MA 02114, 
USA
e-mail: rhasserjian@partners.org

5

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-20279-2_5&domain=pdf
mailto:cok@mdanderson.org
mailto:rhasserjian@partners.org


136

smear preparations, but are water soluble and thus 
are not visible in tissue sections that have passed 
through aqueous processing. The specific gran-
ules also contain histamine, hydrolase, platelet-
activating factor, and phospholipase A.

In healthy adults, the normal total WBC count 
ranges from 4 to 11 × 109/L. Leukocytosis is defined 
as a value of WBC greater than 11 × 109/L in adults 
or a total WBC exceeding two standard deviations 
(SDs) above the mean. Depending on the specific 
cell type that is increased, leukocytosis can be sub-
categorized as granulocytosis (due to neutrophilia, 
eosinophilia, and/or basophilia), lymphocytosis, 
and monocytosis; occasionally, an absolute increase 
in more than one cell type is observed.

This chapter presents the neoplastic and non-
neoplastic conditions that are mainly associated 
with neutrophilia and basophilia. Disorders of 
eosinophils, lymphocytes, and monocytes are 
addressed in separate chapters. The chapter also 
covers acute myeloid leukemias, acute leukemias 
of ambiguous lineage, and blastic plasmacytoid 
dendritic cell neoplasm and the differential diagno-
sis of increased blasts in the blood and bone mar-
row. The features of acute lymphoblastic leukemia 
are discussed in Chaps. 11 and 12, together with 
T-cell and B-cell lymphocytosis, respectively.

 Reactive Neutrophilia 
and Basophilia

Neutrophilia is defined as an elevated absolute 
neutrophil count (ANC) that is >7.7 × 109/L in 
adults or that is greater than two SDs above the 

mean [3]. The ANC can be calculated as the 
WBC count multiplied by the percentage of 
mature granulocytes and band forms. Neutrophilia 
can be seen with or without circulating neutro-
philic precursors. Based on its etiology, neutro-
philia can often be divided into secondary 
(reactive) neutrophilia and primary neutrophilia 
(Table 5.1). Infrequently, spurious neutrophilia 
can be present due to artifacts such as platelet 
clumping (with platelet clumps erroneously 
counted as neutrophils by automated analyzers) 
or cryoglobulinemia (precipitated particles of 
which may be counted as neutrophils by auto-
mated analyzers when samples are at tempera-
tures below 30 °C), so care should be taken [4, 5].

The causes of secondary neutrophilia are 
listed in (Table 5.1) [6–17]. Leukemoid reaction 
is a term used to describe reactive leukocytosis 
with a WBC count of >50 × 109/L, often with cir-
culating neutrophilic precursors, without bone 
marrow involvement by a myeloid neoplasm. A 
leukoerythroblastic smear refers to the presence 
of circulating neutrophilic precursors as well as 
nucleated red cells and often  teardrop erythro-
cytes. It is often associated with marrow fibrosis 
due to a reactive or neoplastic condition, but 
occasionally can be seen transiently in the same 
situations that cause secondary neutrophilia.

Constitutional primary neutrophilia is rare; 
some of the constitutional disorders have been asso-
ciated with particular gene mutations. Primary con-
situtional neutrophilias include hereditary chronic 
neutrophilia (OMIM# 162830), leukocyte adhesion 
deficiency, type I (OMIM# 116920), and idio-
pathic Sweet syndrome (OMIM# 608068) [18–21]. 

Table 5.1 Causes of neutrophilia

Secondary neutrophilia Primary neutrophilia Spurious neutrophilia
• Smoking • Constitutional • Platelet clumping

• Infection • Myeloid neoplasm associated • Cryoglobu linemia

• Inflammation • CML, BCR-ABL1+

• Drugs • CNL

• Stress • aCML and other MDS/MPN

• Hemorrhage • MPN (PV, ET, PMF)

• Myelophthisis • AML

• Paraneoplastic syndromes

• Asplenism

CML chronic myeloid leukemia, CNL chronic neutrophilic leukemia, aCML atypical chronic myeloid leukemia, BCR-
ABL1 negative, MDS/MPN myelodysplastic/myeloproliferative neoplasm, MPN myeloproliferative neoplasm, PV poly-
cythemia vera, ET essential thrombocythemia, PMF primary myelofibrosis, AML acute myeloid leukemia
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Primary neutrophilias associated with myeloid neo-
plasms are discussed later in this chapter.

Basophilia is defined as an elevated circulating 
basophil count (>0.3 × 109/L in adults) [3]. 
Reactive basophilia can be associated with hyper-
sensitivity reactions, infections, inflammation, 
drugs, or endocrine diseases. True reactive/sec-
ondary basophilias are rare and sustained baso-
philia is usually indicative of a neoplastic process.

 Clinical Features
Smoking is one of the most common causes of 
mild neutrophilia. One single-institution study 
of 300 smokers demonstrated that both leukocy-
tosis and neutrophilia are significantly associ-
ated with smoking [22]. In smoking-related 
reactive neutrophilia, the neutrophilia is mild, 
with a WBC count that is less than 20 × 109/L. The 
leukocytosis can persist up to 10 years even after 
smoking cessation [9].

Leukocytosis with left-shifted granulocytic 
elements is a common finding in pyogenic bac-
terial infection or occasionally viral infections 
(e.g., herpes viruses) [7]. Patients with acute 
infection usually have more severe leukocytosis 
(>25 × 109/L) compared to smokers. Elevation 
of neutrophils occurs within hours of the infec-
tion, suggesting release of mature neutrophils 
from the bone marrow storage and marginated 
pools. Neutrophilia can also be present in auto-
immune diseases, including Kawasaki’s disease, 
adult-onset Still’s disease, Crohn’s disease, and 
ulcerative colitis, and has been associated with 
disease flare-ups [6, 10]. Neutrophilic infiltrates 
in tissues can be seen in patients with psoriasis, 
rheumatoid arthritis, systemic lupus erythemato-
sus, and anti-neutrophil cytoplasmic antibody 
(ANCA)-related vasculitides. It is well known 
that several drugs induce neutrophilia. 
Granulocyte-colony-stimulating factor (G-CSF) 
directly stimulates the production of neutrophils 
in the bone marrow and their release to circula-
tion. G-CSF is often administered to patients 
being treated with chemotherapy for acute leu-
kemia or solid tumors, and can cause neutro-
philia with circulating immature granulocytes 
and even a transient increase in circulating blasts 
[11]. Flow cytometric immunophenotyping (by 
identifying an aberrant immunophenotype on 

the circulating blast cells) as well as cytogenet-
ics and molecular genetic testing can be helpful 
to exclude persistent disease or relapse in leuke-
mia patients with leukocytosis and circulating 
blasts on G-CSF therapy; the neutrophilia and 
circulating blasts usually resolve within 
7–10 days following cessation of the 
G-CSF. Steroid or epinephrine administration 
can cause mild neutrophilia, as well as emo-
tional or physical stress that increases the levels 
of adrenocortical steroids [12]. Neutrophilia 
usually occurs within minutes of the exercise or 
stress and appears to result from release of neu-
trophils from the marginated pool to the circula-
tion [13]. Similarly, neutrophilia can be seen in 
the first 3 days in newborns or in women 
postpartum.

Myelophthisis refers to the replacement of 
hematopoietic cells and stroma in the bone mar-
row with abnormal cells, including metastatic 
tumors, granulomas, lipid-laden macrophages 
secondary to storage diseases, or fibrosis due to 
various causes, and may manifest as leukocytosis 
or leukoerythroblastosis [23]. In this condition, 
organomegaly due to extramedullary hematopoi-
esis is often present. 

Paraneoplastic leukocytosis has long been rec-
ognized in cancer patients, particularly those 
with plasma cell myeloma or lung cancer [17, 
24]. Although precise mechanisms are unknown, 
secretion of colony stimulating factors by tumor 
cells is a likely etiology for the leukocytosis [15, 
17, 25]. Of note, neutrophils in paraneoplastic 
leukocytosis are generally deformable and are 
unlikely to cause leukostasis. Therefore, leuka-
pheresis or cytoreductive therapies are not usu-
ally necessary in paraneoplastic leukocytosis.

The spleen contains a significant number of 
marginated neutrophils and thus asplenia (the 
absence of the spleen or its function) can induce 
moderate neutrophilia. Asplenia can be related 
to congenital diseases (e.g. Ivemark syndrome 
and sickle cell disease) or surgical splenectomy 
for hemoglobinopathies, storage disease, or 
trauma [26]. After acute hemorrhage, a signifi-
cant increase in neutrophils is observed without 
increment in the ratio of band forms to mature 
neutrophils, suggesting release of neutrophils 
from the marginated splenic pool [27].
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 Morphology
Review of peripheral blood smear is an important 
first step to evaluate whether leukocytosis is 
 reactive or may be part of neoplastic processes. 
In reactive neutrophilia, the peripheral blood 
 usually shows mainly mature neutrophils and 
band forms without circulating blasts, significant 
granulocytic dysplasia, eosinophilia, or baso-
philia. There is often an increased proportion of 
maturing neutrophils (myelocytes and metamy-
elocytes) and band forms in the blood (Fig. 5.1a, 
b). In some cases, promyelocytes and/or blasts 
can circulate in the blood, potentially mimicking 
a myeloid neoplasm (see Differential Diagnosis 
section below). In neutrophilias associated with 

infection, neutrophils may show toxic granula-
tion, vacuoles, or Döhle bodies (remnants of 
rough endoplasmic reticulum) in the cytoplasm. 
Similar changes are also often seen following 
G-CSF administration or following marrow 
recovery from chemotherapy (Fig. 5.1c). Aside 
from these changes, the neutrophils in most 
 secondary neutrophilias are morphologically 
unremarkable, although hypogranulation may be 
observed in severe infections.

In severe, unexplained neutrophilia or leuko-
erythroblastosis, bone marrow examination 
including flow cytometry immunophenotyping, 
conventional karyotyping, and molecular testing 
to investigate for the various myeloid neoplasms 

a b

c d

Fig. 5.1 Reactive leukocytosis. (a) In reactive leukocyto-
sis due to an infection, increased immature granulocytic 
forms are often present in the blood. (b) Marrow stimula-
tion by myeloid growth factors (G-CSF) can also result in 
circulating left-shifted granulocytic forms, including 
blasts and promyelocytes. (c) Toxic granulation, in which 
the neutrophil granules appear dark purple, is frequently 
seen in infection, G-CSF stimulation, and marrow recov-

ery from chemotherapy or other insult. (d) In reactive neu-
trophilia, there is often hyperplasia and left shift of 
myeloid elements within the bone marrow, which may be 
markedly hypercellular; in such cases, normal marrow 
topography is preserved in that the most immature 
myeloid elements are adjacent to bone trabeculae while 
mature neutrophils are found further from the trabecular 
surface
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that can cause neutrophilia (see below) may be 
indicated. The bone marrow in secondary neutro-
philia can be hypercellular, particularly when it 
occurs after marrow injury with destruction of 
blood cells, but is more often normocellular for 
age. Normal maturation is present in all lineages 
of hematopoietic cells, without significant dyspla-
sia. The topography of hematopoietic cells in the 
bone marrow is preserved: when increased granu-
locytic precursors are seen, they are located adja-
cent to the bone trabecular surface or are 
perivascular (Fig. 5.1d). Blasts in the normal bone 
marrow should be less than 5% of all cells, but 
they may increase transiently after administration 
of G-CSF.

 Immunophenotype
Reviewing a peripheral smear is an important 
first step in approaching an unexplained neutro-
philia or leukocytosis, because if no blasts or 
abnormal cells are seen on the smear, flow cytom-
etry has limited utility and is usually not indi-
cated. If review of the peripheral blood smear 
identifies circulating blasts (that are not explained 
by a known underlying disease or inciting factor) 
or abnormal cells, flow cytometry can help deter-
mine the immunophenotype of these cells and 
thereby narrow the differential diagnosis. It is 
important to note that in bone marrows heavily 
infiltrated by a nonmyeloid neoplasm (including 
acute lymphoblastic leukemia), the circulating 
blasts may be myeloblasts due to the myelo-
phthisic process, and the neoplastic cells may not 
be in the circulation. Thus, the presence of a 
small number of circulating myeloblasts in a 
patient with neutrophilia or leukoerythroblastosis 
suspected of having a bone marrow malignancy 
should not be used to infer a diagnosis of acute 
myeloid leukemia (AML) or any myeloid neo-
plasm. If performed, flow cytometry does not 
demonstrate an aberrant blast immunophenotype 
in secondary neutrophilia.

 Cytogenetics and Molecular Genetics
Evaluation for BCR-ABL1 rearrangement by 
RT-PCR and/or FISH testing of peripheral blood 
is important to exclude CML in cases of unex-

plained neutrophilia and/or basophilia. Testing of 
a blood sample for the presence of mutations that 
are typically found in other myeloproliferative 
neoplasms (JAK2, MPL, CALR, and CSF3R) can 
be considered to evaluate an unexplained neutro-
philia, but caution must be taken in interpreting a 
positive result in isolation, since mutations in 
hematopoietic cells can occur in aging individu-
als without a hematopoietic malignancy [28].

 Differential Diagnosis
When leukocytosis is first noticed, artifacts such 
as platelet clumping or cryoglobulinemia first 
need to be considered and excluded. If neutro-
philia is a real finding, a thorough review of med-
ical history, family history, medication history, 
and physical examination is necessary to identify 
possible findings that suggest reactive leukocyto-
sis. If family history is suggestive of a constitu-
tional disease or syndrome, genetic consultation 
is also recommended.

The presence of circulating blasts and/or dys-
granulopoiesis raises concern for a neoplastic 
process and, if persistent and unexplained, bone 
marrow examination may be indicated. 
Leukocytosis with eosinophilia and/or baso-
philia can be seen in myeloproliferative neo-
plasms, particularly CML, BCR-ABL1+, which 
shows characteristic bone marrow morphology 
and has a disease-defining BCR-ABL1 rearrange-
ment (see below). Conventional karyotype, FISH 
or RT-PCR, to evaluate for BCR-ABL1 rear-
rangement can be sent from a blood specimen to 
help exclude the possibility of CML. Mutational 
analysis for CSF3R can be considered, because 
its presence (in the absence of BCR-ABL1 rear-
rangement or severe neutrophil dysplasia) would 
suggest a diagnosis of chronic neutrophilic leu-
kemia. Most other myeloproliferative neoplasms 
(MPN) that may present with neutrophilia (poly-
cythemia vera, essential thrombocythemia, and 
primary myelofibrosis) have mutations in either 
JAK2, MPL, or CALR genes. Bone marrow 
examination is usually indicated to distinguish 
among these MPN, as they have characteristic 
bone marrow morphologies despite overlapping 
mutation profiles.
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A suggested diagnostic algorithm for the 
workup of neutrophilias is shown in Fig. 5.7.

 Neoplastic Causes of Neutrophilia

 Chronic Myeloid Leukemia

Chronic myeloid leukemia, BCR-ABL1+ (CML), 
is a myeloproliferative neoplasm originating 
from an abnormal pluripotent bone marrow stem 
cell bearing the BCR-ABL1 fusion gene in the 
Philadelphia (Ph) chromosome [29]. CML is 
divided into three phases of disease based on the 
bone marrow and peripheral blood blast counts 
and other clinical and pathologic features: 
chronic phase (CP), accelerated phase (AP), and 
blast phase (BP). The blast phase of CML fulfills 
features of an acute myeloid, lymphoid, or mixed 
lineage leukemia. Most patients present in CP, 
but occasional patients may be diagnosed first in 
the accelerated or even blastic disease phases.

 Clinical Features
The median age at diagnosis is 65 years, but chil-
dren as young as 3 years can be affected. A slight 
male predominance is observed. The annual inci-
dence of disease is 1–2 per 100,000 population. 
Patients are often initially identified due to leuko-
cytosis being found during routine blood work, 
because approximately half of the patients at 
diagnosis do not have symptoms. The other half 
complain of fatigue, malaise, weight loss, or night 
sweats. Splenomegaly and hepatomegaly are seen 
in about 50% and 20% of patients, respectively.

 Morphology
In the chronic phase of CML (CML-CP), patients 
usually present with leukocytosis with left- shifted 
neutrophilic maturation, eosinophilia, and baso-
philia in the peripheral blood (Fig. 5.2a). The bone 
marrow demonstrates marked hypercellularity for 
age, usually approaching 100%, with extreme 
granulocytic proliferation at all maturational 
stages (Fig. 5.2b). There is usually a markedly 
elevated myeloid:erythroid ratio. Megakaryocytes 
are increased (>6/high-power field) in about half 
of the cases, and often form clusters. They are usu-
ally smaller than normal megakaryocytes and have 

hypolobated nuclei (so- called “dwarf megakaryo-
cytes”) (Fig. 5.2c, d). Histiocytes with foamy or 
striated cytoplasm (in the core biopsy or clot sec-
tions) or blue cytoplasm with striation (in the aspi-
rate smears) are commonly seen (Fig. 5.2d). These 
cells are called pseudo-Gaucher histiocytes or sea-
blue histiocytes and have excess cytoplasmic 
phospholipid from increased cellular turnover 
(Fig. 5.2e). Marrow eosinophils and basophils are 
increased in virtually all cases. Blasts comprise 
<5% of nucleated cells in the bone marrow in most 
cases at diagnosis. Variable degrees of reticulin 
fibrosis can be present. Significant dysplasia is not 
a feature of CML-CP, but can be a feature seen 
during disease progression to accelerated or blast 
phase (Fig. 5.2f).

In accelerated phase (CML-AP), (1) persistent 
or increased WBC count (>10 × 109/L) uncon-
trolled by therapy, (2) persistent thrombocytosis 
(>1000 × 109/L) uncontrolled by therapy, (3) per-
sistent thrombocytopenia (<100 × 109/L) unrelated 
to therapy, (4) persistent or increasing splenomeg-
aly unresponsive to  therapy, (5) ≥20% basophils 
in the peripheral blood, or (6) 10–19% blasts in the 
blood or bone marrow are present. In the revised 
2016 WHO Classification, certain additional chro-
mosomal abnormalities at diagnosis also can 
define CML-AP (see “Cytogenetics and Molecular 
Genetics” section below). The revised classifica-
tion also introduced provisional CML-AP criteria 
based on responsiveness to treatment with tyrosine 
kinase inhibitors (TKI) [29]. 

In blastic phase (CML-BP), ≥20% blasts are 
present in the blood or bone marrow. A mass-
forming blast proliferation that disrupts architec-
ture in an extramedullary tissue (myeloid 
sarcoma) is also considered to define blast phase 
in CML.

 Immunophenotype
Flow cytometry is required to determine the blast 
phenotype in the blastic phase of CML. In approxi-
mately three-quarters of CML-BP, the blasts are 
of myeloid lineage and the remaining cases are 
lymphoid (nearly always B-lymphoblastic, rarely 
T-lymphoblastic or NK-cell) lineage. The blast 
phase of CML may also occasionally demonstrate 
a mixed (B/myeloid) lineage. Of note, although 
≥20% lymphoid blasts are required to make a diag-
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Fig. 5.2 Chronic myeloid leukemia, BCR-ABL1+. (a) 
The peripheral blood shows leukocytosis with left-shifted 
granulocytic forms, as well as increased basophils. (b) 
The marrow biopsy is markedly hypercellular at diagno-
sis, with a predominance of maturing granulocytic forms 
and often increased megakaryocytes and eosinophils. (c) 
In the bone marrow aspirate, the myeloid:erythroid ratio is 
elevated, basophils are increased, and small megakaryo-

cytes with rounded nuclei are evident. (d) Small “dwarf” 
megakaryocytes form clusters amid numerous maturing 
myeloid elements. (e) Pseudo-Gaucher cells can be seen 
in the aspirate and the biopsy (illustrated) and have pale, 
striated cytoplasm. (f) Dysplastic granulocytic forms are 
usually not seen in the chronic phase of disease, but may 
be seen in accelerated phase (illustrated) or blast crisis

nosis of lymphoid BP in CML, the identification of 
even small numbers of lymphoid blasts is very 
worrisome for rapid progression to BP and such 
patients should be followed closely [30] (Fig. 5.3).

 Cytogenetics and Molecular Genetics
The presence of the Ph chromosome, resulting 
from t(9;22)(q34.1;q11.2), is a hallmark of 
CML. The Ph chromosome contains the BCR- 
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ABL1 fusion gene encoding BCR-ABL1 oncop-
rotein that has constitutively activated tyrosine 
kinase activity. Breakpoints in the BCR gene at 
22q11.2 are relatively consistent, whereas break-
points in the ABL1 gene at 9q34.1 are variable and 
can occur in exons 1–2 (minor breakpoint cluster 
region), 12–16 (major breakpoint cluster region), 
or 17–20 (“micro” breakpoint cluster region), 
generating p190, p210, or p230 fusion proteins, 
respectively. Almost all patients with CML harbor 
the p210 fusion protein. The p190 fusion protein 
is seen in approximately half of BCR-ABL1+ 
B-ALL and is only rarely seen in CML; this small 
subset of CML patients often present with mono-
cytosis, mimicking chronic myelomonocytic leu-
kemia. The p230 fusion protein is another very 
rare form of the BCR-ABL1  oncoprotein in 
CML. Patients most often present with neutro-

philia and/or thrombocytosis, mimicking chronic 
neutrophilic leukemia (CNL) or essential throm-
bocythemia (ET).

The BCR-ABL1 translocation can be detected in 
peripheral blood or bone marrow aspirate by cyto-
genetics, FISH, or RT-PCR (Fig. 5.4a). However, 
by conventional karyotype, the Ph chromosome is 
absent in approximately 5% of CML patients due 
to a variant translocation or a cytogenetically cryp-
tic BCR-ABL1 fusion; these variant BCR-ABL1 
rearrangements can be detected by FISH or qualita-
tive RT-PCR. Importantly, false-negative results 
can occur with quantitative RT-PCR, which is usu-
ally performed in CML at diagnosis to establish a 
baseline level of BCR-ABL1 transcript to compare 
subsequent levels on therapy. In many labs, quanti-
tative RT-PCR only detects the major breakpoint-
region transcripts and may miss the alternative 
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gressed to B-lymphoid blast crisis
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transcripts due to p190 or p230 BCR- ABL1 vari-
ants. Thus, if an unexpectedly false RT-PCR BCR-
ABL1 test is obtained in a case that is suggestive of 
CML, qualitative RT-PCR, and/or confirmatory 
FISH and conventional karyotyping should be per-
formed. Although BCR- ABL1 fusion detected by 
RT-PCR or FISH can confirm the presence of BCR-
ABL1 rearrangement, conventional karyotype of 
bone marrow aspirate (or blood if the marrow is 
inaspirable) is required at diagnosis and follow-up 
because it can demonstrate cytogenetic abnormali-
ties other than the Ph chromosome. Some addi-
tional abnormalities (extra Ph chromosome, 
isochromosome 17q, +8, +19, abnormalities of 
3q26.2, or complex karyotype), when present in 
the CML cells at initial diagnosis or in follow-up 
samples, are considered to define accelerated phase 
in the revised 2016 WHO Classification [29] 
(Fig. 5.4b).

 Differential Diagnosis
In contrast to CML, chronic neutrophilic leuke-
mia (CNL) demonstrates neutrophilia without 
increased neutrophilic precursors or basophilia 
and lacks BCR-ABL1 rearrangement. Atypical 
CML, BCR-ABL1 negative (which is a distinct 
myelodysplastic/myeloproliferative neoplasm 
that is completely unrelated to “true” CML 
despite its similar name), shares neutrophilia 
with circulating immature granulocytic precur-
sors with CML, but demonstrates significant 
neutrophil dysplasia and lacks basophilia, 
which is present in most CML cases. CML pre-
senting in accelerated phase may manifest dys-
granulopoiesis, potentially mimicking atypical 
CML. BCR-ABL1 genetic testing is helpful in 
confirming the diagnosis in such cases, since 
atypical CML by definition lacks BCR-ABL1 
rearrangement.

Cases of CML with prominent eosinophilia 
can mimic hypereosinophilic syndrome, chronic 
eosinophilic leukemia, or one of the genetically 
defined eosinophilic neoplasms. Again, genetic 
testing for BCR-ABL1 rearrangement helps con-
firm CML and excludes primary eosinophilic 
neoplasms in such cases.

CML cases often have concomitant thrombo-
cytosis and/or monocytosis, which may raise the 

differential diagnosis of another MPN (particu-
larly essential thrombocythemia) or chronic 
myelomonocytic leukemia (CMML). In particu-
lar, the rare CML cases with the p190 BCR-
ABL1 fusion protein often present with 
monocytosis with minimal leukocytosis and the 
rare cases bearing p230 fusion protein often pres-
ent with neutrophilia and thrombocytosis. 
Evaluating for BCR-ABL1 rearrangement by 
qualitative RT-PCR, FISH, and/or conventional 
karyotyping is critical in avoiding a misdiagnosis 
as another myeloid neoplasm, particularly given 
the highly specific and effective TKI therapies 
available to treat CML. Bone marrow morphol-
ogy can be very helpful, because the markedly 
elevated myeloid:erythroid ratio and small, 
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Fig. 5.4 (a) The t(9;22) associated with BCR-ABL1 rear-
rangement is usually demonstrated by conventional bone 
marrow karyotype (illustrated), and can also be confirmed by 
interphase FISH or RT-PCR. (b) Certain karyotype findings 
can confirm a diagnosis of accelerated phase either at initial 
diagnosis or at progression, such as this karyotype showing 
an additional copy of the Philadelphia chromosome
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hypolobated megakaryocytes of these variants 
are typical of classical CML, despite the clinical 
picture mimicking other myeloid neoplasms.

CML can occasionally present in blast crisis 
and in such cases it may be difficult to distinguish 
from a de novo AML or acute lymphoblastic leu-
kemia (ALL). AML with BCR- ABL1 rearrange-
ment is a new provisional AML entity in the 2016 
revised WHO Classification [29], and requires 
exclusion of any antecedent history of 
CML. Compared to AML with BCR- ABL1, CML 
in blast crisis more often has splenomegaly and 
basophilia [31]. Most cases of de novo B-ALL 
with BCR-ABL1 express the p190 isoform and 
conversely CML-BC almost always expresses the 
p210 isoform. In cases without any documented 
history of CML presenting with a BCR-ABL1-
positive acute leukemia and lacking stigmata of 
CML (such as prominent neutrophilia and baso-
philia accompanying the blasts in the blood), a 
diagnosis of a BCR-ABL1-positive AML or ALL 
is reasonable [32]. Deletions of the IKZF1 and 
CDKN2A gene loci in BCR-ABL1- positive AML 
and deletions within IGH and loci in BCR-ABL1-
positive B-ALL have recently been reported and 
may aid in distinguishing these entities from 

CML-BL [33]; however, this testing is not avail-
able in most labs and requires further validation.

 Chronic Neutrophilic Leukemia

Chronic neutrophilic leukemia (CNL) is a rare 
myeloproliferative neoplasm characterized by 
increased blood neutrophils without a significant 
increase in circulating immature granulocytic 
forms, dysgranulopoiesis, or basophilia. The 
WHO Classification provides specific diagnostic 
criteria for CNL (Table 5.2) [29].

 Clinical Features
The median age at CNL diagnosis is 66 years 
[34]. There is a slight male predominance. Most 
patients are incidentally found to have asymp-
tomatic leukocytosis. When symptoms are pres-
ent, fatigue, weight loss, night sweat, bone pain, 
and easy bruising can be seen. Splenomegaly is 
present in almost all cases at diagnosis.

 Morphology
The peripheral blood shows leukocytosis (typi-
cally 40–50 × 109/L) predominantly composed 

Table 5.2 WHO diagnostic criteria of chronic neutrophilic leukemia

Peripheral blood
• White blood count ≥25 × 109/L

•  Segmented neutrophils plus band forms ≥80% of white blood cells

•  Neutrophilic precursors (promyelocytes, myelocytes, and metamyelocytes) <10% of white blood cells

• Myeloblasts absent or rare

• Peripheral blood monocytes <1 × 109/L

• No dysgranulopoiesis

Bone marrow
• Hypercellularity

•  Neutrophil granulocytes increased with normal maturation

• Myeloblasts <5% of nucleated cells

Other criteria
•  Not meeting WHO criteria for CML, PV, ET, or PMF

•  No rearrangement of PDGFRA, PDGFRB, FGFR, or PCM1-JAK2
•  Presence of CSF3R p.T618I or other activating CSF3R mutation, OR if CSF3R is wild-type, persistent (> 3 

months) neutrophilia, splenomegaly, and no identifiable cause of reactive neutrophilia including the absence of a 
plasma cell neoplasm; if there is a plasma cell neoplasm, clonality of myeloid cells by cytogenetics or molecular 
genetic studies should be demonstrated

Modified from [29]
MPN myeloproliferative neoplasm, PV polycythemia vera, ET essential thrombocythemia, PMF primary 
myelofibrosis
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of mature neutrophils and band forms (com-
prising ≥80% of WBCs). Toxic granulation 
and Döhle bodies are often seen. By definition, 
neutrophil precursors (promyelocytes, myelo-
cytes, and metamyelocytes together) should 
comprise <10% of WBCs. Myeloblasts, eosin-
ophils, and monocytes are not increased. 
Dysplasia in neutrophils is not a feature of 
CNL (Fig. 5.5a, b).

The bone marrow is hypercellular for age due 
to a neutrophilic proliferation. The maturation 
pattern is normal, with predominant neutrophilic 
cells ranging from myelocytes to mature neutro-
phil stages. Myeloblasts are not increased. 
Erythroid precursors are decreased, resulting in  
an elevated myeloid:erythroid ratio, which may 
approach 20:1. Megakaryocytes are usually nor-

mal in quantity or can be slightly increased and 
are morphologically unremarkable; they are 
widely distributed throughout the bone marrow 
space without forming clusters (Fig. 5.5c, d). 
Reticulin fibrosis, if present, is minimal.

 Immunophenotype
There are no specific immunophenotypic features 
reported for chronic neutrophilic leukemia.

 Cytogenetics and Molecular Genetics
The majority of patients have a normal karyo-
type, but -7, del(20q), +21, del(11q), and del(12p) 
abnormalities have been reported in some patients 
[34, 35]. Mutation in CSF3R is virtually a 
disease- defining molecular marker of CNL and is 
included as a diagnostic criterion in the WHO 

a b

c d

Fig. 5.5 Chronic neutrophilic leukemia. (a) The periph-
eral blood smear shows increased neutrophils, without a 
significant number of circulating immature granulocytic 
forms. (b) The neutrophils lack morphologic dysplasia, 
with normal nuclear lobation and normal granulation. (c) 
The bone marrow aspirate shows a myeloid predominance 

with complete maturation and without granulocytic dys-
plasia. (d) The bone marrow biopsy is markedly hypercel-
lular with a predominance of myeloid forms. The 
histology may resemble chronic myeloid leukemia, BCR-
ABL1+; however, megakaryocytes are usually less promi-
nent in chronic neutrophilic leukemia
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2016 Classification [29, 36]. A CSF3R mutation 
is not present in most other myeloid neoplasms 
with leukocytosis, such as AML, primary myelo-
fibrosis, and CMML. Although the CSF3R muta-
tion has been reported to occur in up to 45% of 
patients with atypical CML, BCR-ABL1 negative 
(aCML), most studies have found a much lower 
incidence in this disease relative to CNL.

The CSF3R gene encodes the receptor for 
colony- stimulating factor 3 (CSF3), which is the 
main growth factor that stimulates neutrophil pro-
duction [37]. The majority of CSF3R mutations 
occur at the proximal region of the receptor (i.e., 
p.T618I and p.T615A), mediating proliferative 
and survival signals via the JAK-STAT pathway. 
Less commonly, nonsense mutations occur with 
truncation of the cytoplasmic tail which activates 
the Src family-TNK2 kinase domain [36]. A 
mouse model transplanted with CSF3R p.T618I-
expressing hematopoietic cells develops increased 
mature granulocytosis in blood, hypercellular 
bone marrow, and granulocytic infiltration in the 
liver and spleen, supporting that an activating 
CSF3R mutation is sufficient to develop a CNL-
like myeloproliferative neoplasm [38].

 Differential Diagnosis
Reactive paraneoplastic neutrophilia (often asso-
ciated with monoclonal gammopathy and plasma 
cell neoplasms) can mimic CNL, but lacks 
CSF3R mutation or other evidence of neutrophil 
clonality. In fact many such cases met the prior 

2008 WHO Classification criteria for CNL, but 
have been shown to have significantly superior 
survival compared to true CNL patients, suggest-
ing that the neutrophilia in these patients is a 
reactive paraneoplastic phenomenon [39].

When neutrophilia is accompanied by signifi-
cant dysplasia and frequent immature granulo-
cytic cells in the blood, a diagnosis of aCML 
rather than CNL should be suspected [40]. In 
aCML, the peripheral blood demonstrates 
increased (>10%) neutrophilic precursors, with-
out significant monocytosis or basophilia. 
Dysplasia in granulocytes, which is usually 
marked, is a part of the definition and dysplasia in 
other lineages is not uncommonly seen on bone 
marrow examination (Fig. 5.6); additional images 
and description of aCML are provided in Chap. 
10. Molecular testing often shows SETBP1 or 
ETNK1 mutations in atypical CML [41, 42], 
while CSF3R mutation occurs at a much lower 
frequency compared to CNL in most studies. 
However the presence of a CSF3R mutation does 
not exclude a diagnosis of atypical CML if other 
features are typical for that entity. Thus, rigorous 
application of the diagnostic criteria for CNL and 
atypical CML is required to accurately distinguish 
between these diseases. There may be mild abso-
lute monocytosis in CNL, but if monocytes com-
prise ≥10% of the leukocytes, a diagnosis of 
CMML should be considered. Finally, it is essen-
tial to rigorously exclude the possibility of a 
BCR-ABL1 rearrangement (including tests that 

a b

Fig. 5.6 Atypical chronic myeloid leukemia, BCR-ABL1 negative. (a) The bone marrow aspirate shows a predomi-
nance of myeloid forms. (b) Marked dysgranulopoiesis is evident, with frequent bilobed and non-lobated neutrophils
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evaluate for p190 and p230 isoforms) prior to 
rendering a diagnosis of CNL.

 Other Myeloid Neoplasms Associated 
with Neutrophilia

Neutrophilia can be associated with other myeloid 
neoplasms, including primary myelofibrosis, poly-
cythemia vera, essential thrombocythemia, or pro-
liferative-type CMML. These entities are discussed 
in separate chapters. AML and ALL can present 
with leukocytosis due to increased blasts, but there 
is usually no significant increase in mature neutro-
phils; rather, there is often neutropenia. However, 
some patients with AML (particularly those with 
FLT3 or NPM1 mutations) may have significantly 
increased neutrophils in addition to circulating 
blasts [43, 44]. Therefore, careful examination of 
the smear for increased blasts should be done in all 
cases of unexplained neutrophilia.

An algorithm for the workup of neutrophilia is 
shown in Fig. 5.7.

 Myeloid Neoplasms Associated 
with Basophilia

Basophilia can be seen in any myeloproliferative 
neoplasm, but it is most common and prominent 
in CML (see above). Basophilia is seen only 
rarely in myelodysplastic syndromes (MDS) and 
is associated with an adverse prognosis in such 
cases [45, 46]. Acute basophilic leukemia and 
AML with t(6;9)(p23;q34) are two types of acute 
leukemia that may be associated with basophilia 
(Fig. 5.8). Acute basophilic leukemia is very rare 
and only few case reports are available [47]. 
AML with t(6;9)(p23;q34);DEK-NUP214 is also 
a very rare form of AML, constituting about 1% 
of all AML cases. The median age at diagnosis is 
23 years with a broad age range of affected 
patients (2–66 years) [48]. Patients usually pres-
ent with cytopenias, but basophilia is signifi-
cantly more common compared to other AML 
subtypes [48]. The bone marrow typically shows 
multilineage dysplasia. Bone marrow basophils 
are increased about half of the cases.

Neutrophilia

Identifiable secondary
or reactive cause 

Present since birth

No PB left shift
No dysplasia
Usually CSF3R
mutation 

Constitutional
neutrophilia (rare) 

BCR-ABL1+

Secondary neutrophilia
(usually self limited) 

No identifiable secondary
or reactive cause 

Acquired

BCR-ABL1-

CML PB left shift
Dysgranulopoiesis
Often SETBP1 or
ETNK1 mutation  

Characteristic BM
morphology
JAK2, CALR orMPL
mutation 

CNL aCML Other MPN

Fig. 5.7 Proposed algorithm for the workup of neutro-
philia. CML chronic myeloid leukemia, BCR-ABL1+, 
CNL chronic neutrophilic leukemia, aCML atypical 

chronic myeloid leukemia, BCR-ABL1-, MPN myelopro-
liferative neoplasm, BM bone marrow
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 Acute Myeloid Leukemia

Acute myeloid leukemia (AML) is an aggressive 
myeloid neoplasm characterized by arrested matu-
ration of hematopoiesis, leading to an accumula-
tion of myeloblasts in bone marrow and/or blood. 
According to the 2016 WHO Classification, 
myeloblasts must comprise at least 20% of nucle-
ated cells in bone marrow or blood in order to 
establish a diagnosis of AML, with rare exceptions 
discussed below. The 2016 WHO Classification 
recognizes several subtypes of AML, which have 
distinct clinical presentations, morphology, genet-
ics, and biologic behavior. The defining features of 
these AML subtypes are shown in Table 5.3.

 Clinical Features
The annual incidence of AML in the United 
States is approximately 4 per 100,000 per year. 
Its incidence increases with age, with a median 
age of 67–70 years and with a male:female ratio 
of 1.5:1. In children, AML is most common in 
infants under 1 year of age and is very rare 
between the ages of 4 and 18 years. The present-
ing symptoms of most AML patients reflect the 
effects of the disease on the quantity and function 
of mature hematopoietic cells. Symptoms related 
to cytopenias are common, such as bleeding, 
fatigue, or recurrent infections; almost all AML 
patients are anemic at presentation. The white 

blood count and percentage of blasts among cir-
culating leukocytes are highly variable, ranging 
from marked leukopenia with no circulating 
blasts to marked leukocytosis in which most cir-
culating cells are blasts. About 10% of patients 
have a circulating blast count >100 × 109/L. AML 
patients with high levels of circulating blasts may 
present with symptoms related to leukostasis, 
such as respiratory distress and/or mental status 
changes. Tumor lysis syndrome is also a risk in 
AML with high blast count. Disseminated intra-
vascular coagulation (DIC) can be caused by 
release of procoagulant factors upon lysis of 
blasts. DIC is a relatively common and serious 
complication of the AML subtype acute promy-
elocytic leukemia (APL) and a subset of APL 
patients succumb to DIC sequelae before treat-
ment can be instituted. Thus, rapid diagnosis of 
APL with prompt institution of appropriate ther-
apy (all-trans retinoic acid, ATRA) is critical. It is 
important to note that DIC can occur with other 
AML subtypes and is not specific for APL and 
conversely, APL patients may present without 
any evidence of DIC [49].

A small subset of AML patients present (or 
develop later in the course of disease) with blast 
infiltration of extramedullary tissues termed 
myeloid sarcoma. This can affect any anatomic 
site, but is most commonly seen in soft tissues, 
lymph nodes, skin, and mucosal sites such as 
the gums. Myeloid sarcomas are most frequently 
seen in patients with high levels of circulating 
blasts and with leukemias showing monocytic 
differentiation, but can occur with any AML 
subtype and can in some cases precede overt 
involvement of the blood or bone marrow.

Clinical history is essential in correctly diag-
nosing and classifying AML [50]. The WHO 
Classification defines therapy-related AML 
(t-AML) as any AML occurring in patients who 
have received cytotoxic chemotherapy and/or 
radiotherapy that exposed hematopoietic bone 
marrow. The chemotherapeutic agents include all 
alkylating agents, topoisomerase II inhibitors, 
antimetabolites such as thiopurines or purine/
pyrimidine analogues, and antitubulin agents such 
as vincristine or paclitaxel. Although complex 
karyotype, TP53 mutations, and background dys-

Fig. 5.8 Acute myeloid leukemia with t(6;9)(p23;q34); 
DEK- NUP214. Scattered blasts are present (comprising 
22% of the aspirate smear cells) in a background of prom-
inent dysgranulopoiesis and increased basophils
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Table 5.3 Revised 2016 WHO classification acute myeloid leukemia (AML) subtypes [29]

WHO AML subtype Defining morphologic 
features

Defining genetic  
features

Other features

AML with recurrent genetic abnormalities (AML-RGA)a

AML with t(8;21)(q22;q22.1); 
RUNX1- RUNX1T1

Diagnosis may be made 
with <20% blasts if 
genetic finding is 
demonstrated

t(8;21)(q22;q22.1), with 
RUNX1-RUNX1T1 
rearrangement

Blasts are usually large 
and often granulated 
with frequent Auer rods. 
Dysgranulopoiesis is 
common

AML with inv(16)(p13.1q22) 
or t(16;16)(p13.1;q22); 
CBFB-MYH11

Diagnosis may be made 
with <20% blasts if 
genetic finding is 
demonstrated

inv(16)(p13.1q22) or 
t(16;16)(p13.1;q22) with 
CBFB-MYH11 
rearrangement

Blasts usually have 
myelomonocytic 
features. Increased bone 
marrow (but not blood) 
eosinophils with 
abnormal mixed 
eosinophilic-basophilic 
granules

Acute promyelocytic 
leukemia with PML-RARA

Diagnosis may be made 
with <20% blasts if 
genetic finding is 
demonstrated

PML-RARA 
rearrangement, usually 
resulting from a t(15;17)
(q24;q21.2). Variants may 
have RARA rearranged 
with other partners

Numerous 
promyelocytes with 
Auer rods; 
microgranular variant 
with bilobed nuclei

AML with t(9;11)(p21.3;q23.3); 
KMT2A- MLLT3

≥20% bone marrow or 
blood blasts

t(9;11)(p21.3;q23.3) with 
KMT2A-MLLT3 
rearrangement

Blasts usually have 
monocytic features

AML with t(6;9)(p23;q34.1); 
DEK-NUP214

≥20% bone marrow or 
blood blasts

t(6;9)(p23;q34.1) with 
DEK-NUP214 
rearrangement

Variable blast 
morphology; basophilia 
in about half of cases

AML with inv(3)(q21.3q26.2) 
or t(3;3)(q21.3;q26.2); 
GATA2, MECOM

≥20% bone marrow or 
blood blasts

inv(3)(q21.3q26.2) or 
t(3;3)(q21.3;q26.2) 
juxtaposing GATA2 and 
MECOM genes

Thrombocytosis may 
occur. Frequent 
background dysplasia, 
especially in 
megakaryocytes

AML with t(1;22)
(p13;q13.1);RBM15-MKL1

≥20% bone marrow or 
blood blasts

t(1;22)(p13;q13.1) 
resulting in RBM15- MKL1 
rearrangement

Blasts have 
megakaryocytic 
features. Most often 
occurs in infants

AML with BCR-ABL1 
(provisional entity)

≥20% bone marrow or 
blood blasts

BCR-ABL1 rearrangement, 
usually resulting from a 
t(9;22)(q34;q11.2)

De novo disease, with 
no antecedent or 
concurrent evidence of 
CML

AML with mutated NPM1 ≥20% bone marrow or 
blood blasts

NPM1 mutation; no 
defining cytogenetic 
features of AML-MRC

Blasts often have 
monocytic features and 
“cup-shaped” nuclear 
contour; de novo disease

AML with biallelic mutation 
of CEBPA

≥20% bone marrow or 
blood blasts

Biallelic (double) mutation 
of CEBPA; no defining 
cytogenetic features of 
AML-MRC

Can occur in the setting 
of germline single 
CEBPA mutation; de 
novo disease

AML with mutated RUNX1 
(provisional)

≥20% bone marrow or 
blood blasts

RUNX1 mutation; no 
defining cytogenetic 
features of AML-MRC

Defined as a de novo 
disease

(continued)
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Table 5.3 (continued)

WHO AML subtype Defining morphologic 
features

Defining genetic  
features

Other features

AML with myelodysplasia-related changes (AML-MRC)

Diagnosis may be made if 
any either the defining 
morphologic, genetic, or 
other features are present, in 
the absence of any prior 
cytotoxic therapy

≥20% bone marrow or 
blood blasts and at least 
50% dysplastic cells in at 
least two hematopoietic 
lineages

≥20% bone marrow or 
blood blasts and complex 
karyotype (≥ 3 
abnormalities), -7, del(7q), 
del(5q), t(5q), i(17q), 
t(17p), -13, del(13q), 
del(11q), del(12p), t(12p), 
idic(X)(q13), t(11;16)
(q23.3;p13.3),
t(3;21)(q26.2;q22.1),
t(1;3)(p36.3;q21.2),
t(2;11)(p21;q23.3),
t(5;12)(q32;p13.2),
t(5;7)(q32;q11.2),
t(5;17)(q32;p13.2),
t(5;10)(q32;q21), or
t(3;5)(q25.3;q35.1)

≥20% bone marrow or 
blood blasts and 
documented history of 
prior MDS or MDS/
MPN

Therapy-related AML (t-AML)

Diagnosis requires defining 
morphologic and other 
features

≥20% bone marrow or 
blood blasts; cases with 
<20% may be diagnosed 
as therapy-related MDS, 
but are considered 
together with therapy- 
related AML

No defining features, but 
>90% have abnormal 
karyotype, most commonly 
-7, del(7q), del(5q), 
complex karyotype, or 
rearrangements of 11q23 
(KMT2A). 50–80% have 
TP53 mutations

Documented history of 
exposure to cytotoxic 
chemotherapy and/or 
radiation therapy 
exposing areas of 
hematopoietic marrow

AML, not otherwise specified (AML-NOS)b

AML with minimal 
differentiation (M0)

≥20% blasts without 
expression of MPO or 
NSE, but with myeloid 
markers detected by flow 
cytometry

None Blasts often small with 
scant cytoplasm

AML without maturation 
(M1)

≥20% blasts with 
expression of MPO 
(≥3%), and <10% 
maturing myeloid 
elements

None

AML with maturation (M2) ≥20% blasts and >10% 
differentiated myeloid 
elements

None

Acute myelomonocytic 
leukemia (M4)

≥20% blasts with 
expression of MPO 
(≥3%) and >20% 
monocytic cells (by 
morphology and/or NSE 
cytochemistry)

None Blasts often have 
monocytic features and 
often include 
promonocytes; Auer 
rods may be present

Acute monoblastic/monocytic 
leukemia (M5)

≥20% blasts with ≥80% 
monocytic cells (by 
morphology and/or NSE 
cytochemistry)

None Blasts have monocytic 
features and often 
include promonocytes

Acute erythroid leukemia, 
pure erythroid leukemia 
subtype (M6B)

>80% erythroid cells in 
the bone marrow, of 
which ≥30% are 
pronormoblasts, without 
increased myeloblasts

None; highly complex 
karyotype and TP53 
mutation are characteristic

Markedly atypical 
pronormoblasts with 
maturation arrest; very 
rare
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plasia are characteristic of t-AML, they can occur 
in de novo disease and conversely some cases of 
t-AML may have a normal karyotype and lack 
significant background dysplasia. Thus, obtaining 
history of any prior cytotoxic therapy exposure is 
mandatory in correctly diagnosing this AML sub-
type. Similarly, AML with myelodysplasia- 
related changes (AML-MRC) represents an AML 
that bears some relationship to myelodysplastic 
syndromes (MDS) and typically has a poor prog-
nosis. The diagnosis of AML-MRC may be made 
in any case of AML following a prior documented 
diagnosis of MDS or MDS/MPN, underscoring 
the importance of accessing history of prior hema-
tologic neoplasms in any newly diagnosed AML 
patient. Interestingly, patients with AML who 
have antecedent cytopenias, but no documented 
diagnosis of prior hematologic neoplasm, appear 
to have a similarly poor prognosis [51]; however, 
such cases are not classified as AML-MRC 
according to current criteria. 

Finally, a history of Down syndrome impacts 
the classification of AML and related myeloid 
neoplasms. Down syndrome patients have a 
much higher frequency of AML than the general 
population, and AML affecting these patients is 
frequently of the megakaryoblastic type. 
Moreover, some individuals may experience a 
transient myeloproliferative disorder manifest-

ing with leukocytosis and increased circulating 
blasts that mimics AML, but spontaneously 
resolves. Due to their unique features, AML and 
related myeloid neoplasms occurring in the set-
ting of Down syndrome are considered sepa-
rately in a category of “Myeloid proliferations 
associated with Down syndrome” in the 2016 
WHO Classification. These proliferations are 
discussed further in Chap. 3. A detailed family 
and personal history should be taken from all 
patients with AML. The presence of a family his-
tory of cytopenias and/or myeloid neoplasms or 
a personal history suggesting lifelong cytopenia 
raise the possibility of AML arising in the setting 
of a germline predisposition syndrome. Germline 
predisposition conditions are discussed sepa-
rately in Chap. 3.

 Morphology
In the 2016 WHO Classification, a diagnosis of 
AML requires that myeloblasts comprise ≥20% 
of nucleated cells in bone marrow or blood. This 
cutoff is admittedly arbitrary: cases of AML with 
low blast counts (20–30%) may exhibit more 
indolent behavior than high-blast- count AML and 
conversely some myeloid neoplasms with blast 
counts of <20% may exhibit highly aggressive 
behavior akin to AML [52]. Nevertheless, it is 
critical to obtain an accurate blast count per-

Table 5.3 (continued)

WHO AML subtype Defining morphologic 
features

Defining genetic  
features

Other features

Acute megakaryoblastic 
leukemia (M7)

≥20% blasts, with ≥50% 
expressing 
megakaryocytic markers 
(CD41, CD42, or CD61)

None Large blasts which may 
show surface 
pseudopods

Acute basophilic leukemia ≥20% blasts with 
basophilic morphology 
and positivity for 
basophil markers (CD9, 
CD25, CD123, CD203c, 
CD11b)

None Very rare

Acute panmyelosis with 
myelofibrosis

≥20% blasts in a 
diffusely fibrotic stroma 
with panmyelosis and 
markedly dysplastic 
megakaryocytes

None Very rare

aAML-RGA has no history of prior cytotoxic therapy
bAML, NOS encompasses cases not meeting criteria for AML-MRC, AML-RGA, or t-AML
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formed on at least 500 nucleated bone marrow 
cells and at least 200 peripheral blood leukocytes 
in all putative AML cases, in order to achieve as 
precise a blast count as possible. The “gold stan-
dard” for the blast count in establishing an AML 
diagnosis is manual counting of the aspirate and 
blood smear. Neither flow cytometry nor biopsy 
blast estimate should be used in lieu of the aspi-
rate blast count [53]. In instances of an unobtain-
able aspirate due to “dry tap,” a blast count can be 
performed on an air- dried touch preparation. In 
some cases, there may be no aspirate smear or 
touch preparation, or these specimens may be 
nonrepresentative due to extensive hemodilution 
or uninterpretable due to cell degeneration or 
other artifacts. In such instances, a diagnosis of 
AML may be made based on the presence of 
≥20% blasts in the biopsy specimen, if supported 
by the use of immunostains showing expression 
of blast markers such as CD34 and/or CD117 (see 
Immunphenotype section below). It is also impor-
tant to note that the presence of ≥20% blasts in 
the blood establishes a diagnosis of AML, irre-
spective of the findings in the bone marrow.

The cytology of AML myeloblasts overlaps 
significantly with that of normal myeloblasts, 
and it is their inappropriately high number (not a 
particular cytologic feature) that identifies them 
as malignant. However, Auer rods, cytoplasmic 
crystalline structures containing components of 
myeloid primary granules, are restricted to 
malignant myeloblasts. Auer rods can be identi-
fied in about 50% of AML cases, but often are 
found in only a small subset of the blasts.

Exceptions to the requirement of at least 20% 
myeloblasts in blood or bone marrow for estab-
lishing an AML diagnosis are as follows:

 1. In cases with PML-RARA, inv(16)/t(16;16), or 
t(8;21), a diagnosis of AML can be made irre-
spective of blast count (see Table 5.3).

 2. In cases with monocytic differentiation, pro-
monocytes (see below) are considered blast 
equivalents, and are included along with blasts 
in the blast count.

 3. In cases of pure erythroid leukemia, undiffer-
entiated erythroblasts (see below) are consid-
ered as blast equivalents, even though 

myeloblasts are not increased; however, these 
must comprise ≥30% of the marrow cells.

 4. A mass-forming extramedullary accumulation 
of myeloblasts (myeloid sarcoma) is consid-
ered equivalent to a diagnosis of AML, even if 
blasts are not increased in the bone marrow or 
blood.

Blasts in AML have highly variable morphol-
ogy, ranging from small forms only slightly 
larger than a mature lymphocyte to large, pleo-
morphic cells. The most constant feature that dis-
tinguishes myeloblasts from more mature 
hematopoietic cells is finely dispersed chromatin 
in smear preparations, in contrast to the more 
condensed, “chunky”, or mottled chromatin pat-
tern of mature cells. The cytologic features of 
various blast types in AML as they appear in 
smear preparations are as follows:

 1. Myeloblasts range from small (approaching 
that of a small lymphocyte) to large in size 
and often have prominent central nucleoli, but 
nucleoli may be small and multiple or entirely 
absent. The nuclear contour can be rounded, 
finely irregular, indented, or convoluted. The 
cytoplasm is usually scant and pale and may 
contain a few granules. Auer rods are often 
present (Fig. 5.9a, b).

 2. Monoblasts are usually large in size with oval, 
indented, or folded nuclei, prominent nucle-
oli, and moderately abundant grey cytoplasm 
that may have a few vacuoles and/or granules 
(Fig. 5.9c).

 3. Promonocytes (considered as blast equiva-
lents in AML cases with monocytic differen-
tiation) are medium in size with delicately 
folded nuclei (often with visible “creasing” of 
the nucleus), fine chromatin, small or indis-
tinct nucleoli, and abundant faintly granulated 
cytoplasm that often contains vacuoles 
(Fig. 5.9d).

 4. Promyelocytes are medium to large cells with 
abundant cytoplasm. In the cells seen in the 
classic variant of APL, the cytoplasm con-
tains numerous purple granules and often 
Auer rods, including cells with multiple Auer 
rods (Fig. 5.9e). In the microgranular variant 
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a b

c d

e f

Fig. 5.9 Illustrations of different types of blasts and 
“blast equivalents” in peripheral blood and bone marrow 
aspirates. (a) Myeloblasts usually have prominent nucle-
oli and scant cytoplasm. Auer rods, as seen in this case, 
are proof of myeloid differentiation. (b) Some myelo-
blasts have more abundant cytoplasm and irregular nuclei; 
a few granules may be present in the cytoplasm. (c) 
Monoblasts tend to be larger than myeloblasts, with more 
irregular nuclei and more abundant cytoplasm that can 
appear grey or pale and basophilic, sometimes with 
sparse, small vacuoles. (d) Promonocytes, regarded 
together with monoblasts in establishing a diagnosis of 

acute leukemias with monocytic differentiation, have 
more abundant granular or vacuolated cytoplasm than 
monoblasts and have delicately folded, often highly lobu-
lated nuclei. (e) Promyelocytes from a case of classic 
acute promyelocytic leukemia with PML-RARA, showing 
blasts with prominent cytoplasmic granulation. Auer rods 
are present. (f) Promyelocytes from a case of microgranu-
lar variant acute promyelocytic leukemia with PML-
RARA, showing blasts with bilobed “butterfly- shaped” 
nuclei, set in an abundant cytoplasm. The cell in the center 
contains multiple Auer rods
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of APL, the blasts have bilobed “dumbbell-“ 
or “butterfly”-shaped nuclei that lack discern-
ible granules, but often include some cells 
with Auer rods (Fig. 5.9f).

 5. Malignant pronormoblasts in pure erythroid 
leukemia are medium to large in size with 
round nuclei, finely dispersed chromatin, 
often multiple nucleoli, and deeply basophilic 
cytoplasm that frequently contains vacuoles. 
The vacuoles are typically large and may be 
elongated [54]) (Fig. 5.10).

 6. Megakaryoblasts are medium to large in size. 
In some cases, cytoplasmic pseudopod forma-
tion may be seen, but this is an inconsistent 
finding.

In evaluating the bone marrow of an AML 
patient, in addition to enumerating blasts, atten-
tion must be paid to the non-blast marrow ele-
ments to evaluate for dysplasia. Dysplasia in 
circulating mature granulocytic elements in the 
peripheral blood should also be evaluated in all 
cases. Significant morphologic dysplasia in 
maturing elements in AML has been associated 
with poor prognosis [55, 56], and defines the 
 specific AML category in the 2016 WHO 
Classification, AML-MRC (Fig. 5.11). In con-
trast to the 10% threshold used to define a dys-
plastic lineage establishing a diagnosis of MDS, 
the threshold of dysplastic cells to define a lin-
eage as dysplastic for the purposes of diagnosing 
AML- MRC is 50% and at least two lineages 
must be affected. Although all lineages are con-
sidered equally in terms of scoring dysplasia to 
diagnose AML-MRC, recent evidence suggests 
that dysmegakaryopoiesis (specifically micro-
megakaryocytes) appears to have the strongest 
adverse prognostic impact, while dyserythropoi-
esis may not have prognostic relevance [56, 57].

The main defining roles for morphology in 
AML in the 2016 WHO Classification are in 
establishing a diagnosis of AML-MRC and in 
separating the subgroups of AML-NOS. However, 
certain genetic subtypes of AML have distinctive 
morphologies that can provide clues to the under-
lying genetic abnormality. Indeed, morphologic 
evaluation of smears is usually possible within a 

few hours of procuring a bone marrow sample, 
whereas the typical turnaround time of cytoge-
netics and molecular genetic testing is 2–3 weeks. 
Moreover, some cytogenetic aberrations can be 
cryptic or  manifest as unusual variants. Thus, a 

a

b

c

Fig. 5.10 Pure erythroid leukemia in the bone marrow 
aspirate smear. (a) The leukemic erythroblasts are often 
highly pleomorphic, with deeply basophilic cytoplasm. A 
perinuclear hof, similar to that seen in normal pronormo-
blasts, may be seen. (b) Prominently vacuolated cyto-
plasm is common. (c) The malignant pronormoblasts in 
pure erythroid leukemia contain large PAS+ cytoplasmic 
globules
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strong  morphologic suspicion of a particular 
genetic subtype can help guide confirmatory 
additional testing if the karyotype is negative. 
The main AML genetic subtypes that have dis-
tinctive (although not always specific) morpholo-
gies are APL with PML-RARA, AML with t(8;21)
(q22;q22.1);RUNX1-RUNX1T1, AML with 
inv(16)(p13.1q22) or t(16;16)(p13.1;q22);CBFB- 
MYH11, AML with  t(6;9)(p23;q34.1);DEK- 
NUP214, and AML with mutated NPM1. The 
morphologic features are listed in Table 5.3 and 
are illustrated in Figs. 5.12, 5.13, 5.14, and 5.15. 
Fig. 5.8 illustrates the features of AML with 
t(6;9). Many other AML subtypes tend to show 
certain morphologic features, such as monocytic 
blasts in AML with t(9;11) and markedly dys-

plastic megakaryocytes in AML with inv(3)/t(3;3), 
but these are seen across many different AML 
subtypes. Therapy-related AML tends to show 
significant background dysplasia, similar to 
AML-MRC.

 Immunophenotype and Cytochemistry
The myeloid lineage of blasts may be established 
by the identification of Auer rods (see above), 
presence of myeloperoxidase (MPO) or nonspe-
cific esterase (NSE, alpha-naphthyl butyrate or 
alpha-naphthyl acetate esterase) enzymatic activ-
ity in blasts by cytochemistry on air-dried aspi-
rate smears, or expression of sufficient myeloid 
markers by flow cytometry. Flow cytometry 
should be performed in all newly diagnosed cases 

a b

c d

Fig. 5.11 (a) AML with myelodysplasia-related changes. 
(a) Blasts occur in a background of dysplastic maturing 
erythroid and myeloid elements in the bone marrow aspi-
rate smear. (b) Hypogranulated neutrophils and a dysplas-
tic megakaryocyte with two separated nuclei are seen. (c) 

In the bone marrow biopsy, many small megakaryocytes 
and micromegakaryocytes with non-lobated or bilobed 
nuclei are present. (d) As the micromegakaryocytes may 
be overlooked in the predominant population of blasts, 
CD61 immunostain can help to reveal their presence
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a b

Fig. 5.12 Acute promyelocytic leukemia with t(15;17). 
(a) In the bone marrow aspirate of this case, many blasts 
have a microgranular appearance with bilobed nuclei, 
but one blast (upper center) has numerous promyelo-

cytic granules. An Auer rod is present (center). (b) 
Neoplastic promyelocytes in the bone marrow biopsy 
also show bilobed or folded nuclei and abundant pink 
cytoplasm

a b

c d

Fig. 5.13 AML with t(8;21)(q22;q22.1);RUNX1- 
RUNX1T1. (a) The blasts in this case are large with baso-
philic cytoplasm, one containing an Auer rod. (b) In another 
case, there is an extensive background of maturing hemato-
poiesis with only 10% blasts.  Cytogenetics and FISH con-
firmed a t(8;21)(q22;q22.1) with RUNX1-RUNX1T1 

rearrangement, allowing a diagnosis of AML despite <20% 
blasts. (c) Bone marrow biopsy from same case as (b); large 
blasts are evident, but comprise <20% of the cellularity in a 
background of maturing myeloid and erythroid elements. 
(d) Peripheral blood smear showing circulating blasts and 
hypogranular neutrophils
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of acute leukemia and is considered current stan-
dard of care: it is more sensitive than cytochem-
istry, as cases of AML with limited maturation 
lack MPO staining by cytochemistry yet 
express surface antigens that reveal myeloid 
differentiation [50]. AML blasts should express 
at least two markers of granulocytic differenti-
ation (CD13, CD15, CD33, CD117, and/or 
MPO) and/or monocytic differentiation (CD14, 
CD64, CD11c, and CD11b). The precursor cell 
marker CD34 is present on both AML and 
ALL, but a significant subset of AML cases 
(particularly those with monocytic, erythroid, 
or megakaryocytic differentiation) lack CD34 
expression. Terminal deoxytransferase (TdT), 
an enzyme expressed in normal B- and T-cell 
precursors and in almost all ALL cases, is aber-
rantly expressed in a high proportion of AML 

(especially in AML with minimal differentia-
tion) and is not useful in distinguishing AML 
from ALL.

In AML-NOS, the “gold standard” for deter-
mining myeloid versus myelomonocytic versus 
monocytic subtypes (see Table 5.3) used to be 
enzyme cytochemistry. However, in recent years, 
flow cytometry has become a much better tool to 
determine monocytic differentiation. Monocytic 
differentiation is determined by the expression of 
two or more monocytic markers (CD14, CD36, 
CD64, CD11c, or CD11b) and often CD4 (dimly) 
and HLA-DR by flow cytometry (Fig. 5.16). 
Monocytes, either mature or immature, usually 
show no CD34 expression. CD117 is absent or 
only expressed in a very small subset of monocytic 
blasts. Immature monocytes/monoblasts often 
demonstrate immunophenotypic differences from 

a

d

b

c

Fig. 5.14 AML with inv(16)(p13.1q22);CBFB-MYH11. 
(a) In the bone marrow aspirate, an abnormal eosinophil 
containing basophilic granules is present (center), sur-
rounded by blasts showing monocytic features. (b) In 
another case, numerous blasts with folded nuclei are pres-

ent amid abnormal eosinophils in the bone marrow aspi-
rate. (c) In the biopsy section, a mixture of blasts with 
folded and lobated nuclei are mixed with numerous eosin-
ophils. (d) The peripheral blood in this case shows many 
circulating promonocytes, but no eosinophilia
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mature monocytes, including markedly decreased 
CD13, CD14, and CD36 and increased CD15 
expression. However, this is not a uniform finding: 
in some cases, monocytic blasts can show a com-
pletely mature immunophenotype resembling nor-
mal monocytes. The distinction between mature 
and immature monocytes/monoblasts can be dif-
ficult by immunophenotyping in many cases, and 
morphologic evaluation is always required to 
determine the blast count. AML of myelomono-
cytic type is composed of a population of myelo-
blasts with or without MPO expression and an 
often distinct population of monocytic blasts, 
which can be monoblasts or promonocytes, while 
AML of monocytic type is comprised almost 
exclusively of monocytic blasts. In acute mega-
karyoblastic leukemia, megakaryoblasts constitute 
50% or more of the total blast population. 

Megakaryoblasts are CD117−, HLA-DR−, and 
CD13− and express one or more megakaryocytic 
markers (CD41, CD42b, and/or CD61); they may 
or may not express CD34 (Fig. 5.17). Especially in 
adults, there is often a smaller population of MPO-
negative myeloblasts with an otherwise typical 
myeloid blast immunophenotype (CD34+, 
CD117+, CD13+, CD33+, HLA-DR+). The blast 
equivalents in pure erythroid leukemia are 
CD71bright+, CD36+, CD235a (glycophorin)+ 
and HLA-DR− abnormal pronormoblasts. They 
often show partial expression of CD117 and aber-
rant expression of CD33 and CD4, but are negative 
for CD34, CD13, MPO, and megakaryocytic 
markers. The blasts in acute basophilic leukemia 
express common myeloid antigens (CD13 and 
CD33) as well as CD9, CD11b, bright CD123, and 
CD25, and lack HLA-DR and MPO expression.

a b

c d

Fig. 5.15 AML with mutated NPM1. (a) The blasts in 
this peripheral blood smear have irregular nuclei with 
prominent cup-shaped nuclear indentations. (b) In the 
bone marrow biopsy, the blasts often show monocytic fea-
tures, with folded and lobulated nuclei. (c) NPM1 immu-

nohistochemistry discloses aberrant cytoplasmic staining 
for the NPM1 protein, as well as demonstrating its 
expected normal staining in the nucleus. (d) In the bone 
marrow aspirate, blasts have monocytic features with 
folded nuclei.  Dysgranulopoiesis may be seen
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In cases where an aspirate cannot be obtained 
and minimal or no circulating blasts are present 
in the blood, immunohistochemistry may be per-
formed on the bone marrow biopsy. By immuno-
histochemistry, AML blasts usually express 
lysozyme, CD117, and CD33, and many cases 
express MPO. CD34 can be helpful in confirming 
a primitive hematopoietic stage of differentia-
tion. Although it does not distinguish between 
AML and ALL blasts, CD34 immunohistochem-
istry can also help establishing sufficient (at least 
20%) blasts in the bone marrow biopsy to con-
firm a diagnosis of AML in cases where the aspi-
rate is inadequate. However, it is noteworthy that 
CD34 can be negative in myeloblasts and is 
almost always negative in monocytic blasts. 
Monoblasts and promonocytes are both CD34− 
and CD117−, but are positive for CD68, lyso-
zyme, CD11c, and often CD14 by 

immunohistochemistry. Similar to flow cytome-
try, TdT is frequently expressed in the blasts of 
AML by immunohistochemistry and its presence 
does not necessarily indicate an ALL or a mixed- 
lineage leukemia.

Immunohistochemistry has limited role in the 
subclassification of AML. Pure erythroid leuke-
mia often requires the application of immunohis-
tochemistry, because the large blasts may not be 
easily detected by flow cytometry and are usually 
negative for CD45. Pure erythroid leukemia 
blasts stain positively for E-cadherin and CD117 
and are variably positive for other erythroid 
markers such as CD71, glycophorin, and hemo-
globin (HGB) [58]. Of note, AML with t(8;21) 
may show expression of CD19 and/or PAX5, but 
lacks expression of other B-cell markers [59]. 
AML with mutated NPM1 shows aberrant cyto-
plasmic staining of NPM1 protein in the cyto-
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Fig. 5.16 Flow cytometry characteristics of acute mono-
blastic leukemia. (a) On CD45/SSC, the monocytic cells 
are markedly increased (79.3% of total cells), and granu-
locytes are markedly reduced; this is in contrast to chronic 
myelomonocytic leukemia that usually shows a retained 
large number of granulocytes. (b) The monoblasts, similar 

to mature monocytes, show bright CD33 and variable 
CD13 expression. (c) They are negative for CD34 and are 
mostly negative for CD117. (d) They express CD4 and 
HLA-DR. The monoblasts also show reduced CD14 (e) 
and CD36 (f) expression compared to mature monocytes
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plasm of the neoplastic blasts; normal NPM1 
protein is confined to the nucleus in nondividing 
cells [60] (Fig. 5.15c). Application of CD61 or 
other megakaryocytic markers may aid in identi-
fying micromegakaryocytes when evaluating for 
the possibility of AML-MRC (Fig. 5.11d).

 Cytogenetics and Molecular Genetics
Recurring translocations that activate onco-
genes are a hallmark of many types of AML 
and karyotype abnormalities are strongly cor-
related with clinical behavior in AML. 

Cytogenetic abnormalities are present in about 
50% of AML cases at diagnosis. The cytoge-
netic findings provide critical diagnostic and 
prognostic information and a conventional 
karyotype should always be performed on bone 
marrow taken at the time of initial diagnosis 
[50]. Targeted FISH studies that interrogate for 
specific translocations may be helpful if the 
karyotype fails or is insufficient (less than 20 
metaphases) [61] and are helpful in investigat-
ing for cryptic abnormalities such as some 
11q23 rearrangements. 

262144

196508

130872

S
S

C
-A

65236

–400

a 262144

196508

130872

S
S

C
-A

65236

–400

b

CD45 V500-A

-102102 103 104 105

-102102 103 104 105 -102 103 104 105 -102 102 103 104 105

CD45 V500-A

-102102 103 104 105

C
D

11
7 

P
E

-A

105

104

103

102

-102
100

c

d e

g h

f

HLA-DR FITC-A

HLA-DR V450-A

-102 102 103 104 105

C
D

34
 P

E
-C

y7
-A

C
D

41
 F

IT
C

-A

105

104

103

102

-102
100

105

104

103

102

-102
100

105

104

103

102

-102
100

C
D

41
 F

IT
C

-A

105

104

103

102

-102
100

CD33 PE-A

-102102 103 104 105

HLA-DR APC-H7-A

CD36 PE-A

-102 102 103 104 105

MPO PE-A

C
D

61
 P

er
C

P
-C

y5
-5

-A

105

104

103

102

-102
100C

D
34

 P
er

C
P

-C
y5

-5
-A

CD45dim
=45.3%

Fig. 5.17 Flow cytometry characteristics of acute mega-
karyoblastic leukemia. (a) On CD45/SSC, there are two 
populations of blasts with different levels of CD45 expres-
sion. (b) The black population is megakaryoblasts and the 
red is myeloblasts. The myeloblasts are CD117+ and 
HLA-DR+ (c), CD33+ (d), and are negative for CD61, 

CD41, and CD36 (e–g). The megakaryoblasts are 
CD117−, HLA-DR−, and CD33−, but are CD61+, 
CD41+, and CD36+ (c–g). Both populations are CD34+ 
and MPO− (h). The transition between myeloblasts to 
megakaryoblasts is indicated by arrows
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A listing of the cytogenetic aberrations that 
define AML subtypes in the 2016 WHO 
Classification is shown in Table 5.3. Importantly, 
three cytogenetic abnormalities—PML-RARA, 
inv(16)(p13.1q22) or t(16;16)(p13.1;q22), and 
t(8;21)(q22;q22.1)—are considered AML defin-
ing, irrespective of the blast count. Identification 
of PML- RARA rearrangement to confirm a diag-
nosis of APL is especially critical, since this 
unique AML subtype requires specific up-front 
therapy with ATRA. Institution of inappropriate 
therapy may precipitate fulminant DIC, which is a 
major cause of early death in APL patients. PML-
RARA rearrangement should be rapidly investi-
gated in all new acute leukemias where APL is a 
diagnostic consideration [50]. The PML-RARA 
rearrangement can be rapidly  demonstrated (in 
<24 hours) by a direct har vest karyotype, tar-
geted FISH, or RT-PCR. Immunofluorescent 
staining showing aberrant PML nuclear staining 
pattern can also confirm PML-RARA, but it is not 
widely available [62–64].

While the importance of karyotype abnormal-
ities in defining AML subtypes with unique clini-
cal and pathologist features has been established 
for decades, in more recent years the important 
impact of gene mutations on the biologic behav-
ior of AML has become recognized. The muta-
tion status of three genes (NPM1, FLT3, and 
CEBPA) has been used for over 10 years in com-
bination with the cytogenetic risk group to guide 
treatment. In particular, AML patients with nor-
mal karyotype and NPM1 or biallelic CEBPA 
mutations and lacking FLT3-ITD have a favor-
able prognosis and may not require treatment 
with stem cell transplantation [65]. For these rea-
sons, as well as their other unique clinicopatho-
logic features, AML with mutated NPM1 and 
AML with biallelic CEBPA mutations represent 
specific mutationally defined subgroups in the 
2016 WHO Classification. This revised classifi-
cation additionally includes mutation in RUNX1, 
which confers an unfavorable prognosis, as a new 
provisional genetically-defined subgroup [29]. 
More recently, a large amount of data has been 
accumulating concerning the effect of other 
mutations on AML outcome. AML cases often 
have multiple mutations and the optimal way to 
combine karyotype with mutation data (particu-

larly in the context of multiple mutations or sev-
eral distinct subclones) to guide treatment 
decisions is still under active investigation.

According to the current standard of care, the 
complete genetic workup of a newly diagnosed 
AML case should always include a complete 
karyotype of bone marrow as well as assessment 
for NPM1, FLT3, and CEBPA mutations. 
Assessment for other mutations, including KIT [for 
cases of AML with t(8;21) or inv(16)/t(16;16)], 
IDH1, IDH2, TET2, WT1, DNMT3A, TP53, 
RUNX1, and ASXL1, has also been suggested by 
several recent guidelines [50, 66], but there is not 
yet universal agreement on the specific list of 
mutations which should be tested, nor is it clear 
how these results should impact patient manage-
ment. It is hoped that ongoing studies will help 
provide guidance and achieve consensus on the 
optimal use of advanced mutation testing for 
AML management. The decision as to which 
mutations to test may also be driven by institu-
tion-specific clinical trials evaluating therapies 
targeting specific genes or the karyotypic features 
of the leukemia.

 Differential Diagnosis
The main questions that must be answered in 
approaching a possible diagnosis of AML are the 
following:

 1. Are abnormal cells identified in the blood or 
bone marrow blasts (or blast equivalents, as 
defined above)?

 2. Are the blasts (plus blast equivalents) at least 
20% of the blood or bone marrow 
leukocytes?

 3. Are the blasts of myeloid phenotype?

A diagnosis of AML requires a “yes” answer 
to all three questions, with the exception of the 
three cytogenetically-defined AML entities 
(Table 5.3) that do not require the presence of at 
least 20% blasts.

In most patients first presenting with AML, 
the diagnosis is suspected based on abnormal 
cells seen in the blood. Since AML blasts have 
varied sizes and morphologies, they can be mim-
icked by many other cells. Patients may present 
with large numbers of circulating abnormal cells 
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that are initially thought to be blasts, but actually 
represent other neoplastic or even nonneoplastic 
cells. Small AML blasts can be confused with 
lymphocytes or hematogones (Fig. 5.18a, b), 
medium-sized blasts can be confused with reac-
tive atypical lymphocytes, monocytes, or lym-
phoma cells (particularly blastoid mantle cell 
lymphoma and Burkitt lymphoma), while larger 
blasts can resemble megaloblastic erythroid pre-
cursors, large-cell lymphomas, or hypogranular 
dysplastic promyelocytes. Close attention to the 
fine chromatin typically found in myeloblasts 
versus the coarser chromatin in more mature cell 
types is critical in avoiding misdiagnosis in these 
scenarios. Flow cytometry immunophenotyping 
should be performed in all new AML diagnoses 

and can quickly clarify the diagnosis, as all of the 
above cell types are immunophenotypically dis-
tinct from AML blasts. One exception is mature 
monocytes, which can have an identical immuno-
phenotype to the promonocytes in monocytic 
AML. In such cases, distinction relies on recog-
nizing the typical immature nuclear cytology of 
promonocytes.

Distinguishing left-shifted neoplastic or non-
neoplastic erythroid elements from myeloblasts 
is often difficult. Myeloblasts may have baso-
philic cytoplasm resembling pronormoblasts 
and conversely, in megaloblastic anemia, the 
proliferation of left-shifted, megaloblastic ery-
throid elements can be misdiagnosed as an acute 
leukemia (usually the pure erythroid leukemia 

a b

c d

Fig. 5.18 Unusual AML morphologies that can cause 
diagnostic difficulties. Some cases of AML have small 
blasts, mimicking a lymphoblastic leukemia or even a 
mature lymphoma on both the bone marrow aspirate 
smear (a) and biopsy (b). In this case, immunophenotyp-
ing showed typical expression of AML markers CD34, 
CD117, and MPO. (c) Pure erythroid leukemia can mimic 

a high-grade lymphoma or metastatic solid tumor; because 
it is negative for CD45 and CD34, a hematopoietic neo-
plasm may not be initially considered. (d) In this case, 
glycophorin positivity confirmed the erythroid lineage of 
the malignant cells. The erythroblasts were also positive 
for E-cadherin and were variably positive for CD117 (not 
shown)
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subtype) if these large cells are interpreted as 
blasts. Close attention to the WHO diagnostic 
criteria for pure erythroid leukemia (PEL) is 
essential to avoiding its overdiagnosis in situa-
tions of florid reactive erythroid proliferations 
[54]. The presence of a  significant maturing ery-
throid component, hypersegmented neutrophils, 
and giant band forms are helpful clues to a meg-
aloblastic anemia. In PEL, the BM biopsy 
almost always demonstrates diffuse sheets of 
immature erythroid cells; in some cases, there 
may be intrasinusoidal collections of malignant 
erythroblasts. The malignant PEL cells may 
resemble normal pronormoblasts, but they can 
be shown to contain large cytoplasmic PAS+ 
globules [54] (Fig. 5.10c). Ring sideroblasts 
also may be seen [67]. Use of immunohisto-
chemistry for E-cadherin and other erythroid 
markers is helpful in confirming the diagnosis 
(Fig. 5.18c, d). PEL almost always has a highly 
abnormal complex karyotype [67] and fre-
quently has TP53 mutation (which can be sus-
pected by demonstrating strong p53 
immunopositivity in the neoplastic erythroid 
cells), unlike reactive  erythroid  proliferations. 
However, p53 overexpression (but not mutation) 
has been reported to occur in the bone marrow 
in cases of megaloblastic anemia [68].

It is important to note that even if myelo-
blasts in the blood are confirmed by flow 
cytometry, their presence does not in isolation 
confirm a diagnosis of AML or even a neoplas-
tic process. Blasts are normally absent from 
the blood, but may circulate in reactive condi-
tions such as infections, following treatment 
with myeloid growth factors, or upon early 
marrow recovery post-chemotherapy; in such 
situations, they are almost always <5% of the 
white cells. Myeloid growth factors frequently 
cause the appearance of variable numbers of 
blasts in the blood and can rarely cause tran-
sient increases of blasts to above 20% in 
patients with MDS who already have excess 
blasts. In such situations, it is prudent to avoid 
diagnosing AML unless the blast percentage 
persists above 20% after the effect of growth 
factor has dissipated (typically 7–10 days after 
cessation of growth factor administration).

Regarding blast enumeration, if the myelo-
blast percentage is close to 20%, the differential 
diagnosis includes other myeloid neoplasms 
with elevated blasts. MDS with excess blasts, 
myeloproliferative neoplasms in accelerated 
phase, and advanced myelodysplastic/myelopro-
liferative neoplasm entities can have blast and 
blast equivalent percentages approaching 20% in 
the blood or marrow. While the 20% cutoff is 
admittedly arbitrary, it may dictate different 
therapeutic options; thus, as accurate a blast 
count should be derived as possible from the 
available material. As discussed above, this 
requires careful counting of the bone marrow 
aspirate or touch prep and sampling different 
areas of the slides, since there may be variability 
in the distribution of blasts in the aspirate smear. 
Review of the peripheral smear is mandatory, as 
some AML cases may have <20% blasts in the 
marrow, but ≥20% circulating blasts.

Unless Auer rods are present, immunopheno-
typing is essential to confirm myeloid phenotype 
of the blasts and to distinguish AML from other 
neoplasms that can mimic blasts. The immuno-
phenotypic features of the various AML subtypes 
are discussed above. Within AML, the microgran-
ular variant of APL can have some morphologic 
similarities to monocytic AML. Flow cytometry 
can aid in this distinction, because the blasts and 
promyelocytes of APL typically lack expression 
of HLA-DR, CD11b, and CD11c, unlike mono-
cytic AMLs, which express most or all of these 
antigens [69] and are negative for CD34, which is 
expressed in most other AML subtypes (Fig. 5.19).

The distinction between AML and an acute 
leukemia of ambiguous lineage or a mixed phe-
notype acute leukemia (MPAL) is diagnostically 
challenging. Mixed-phenotype acute leukemia 
includes biphenotypic leukemias, where a single 
population of blasts co-expresses markers of two 
(or rarely three) lineages (B cell, T cell, and/or 
myeloid), and bi-lineage leukemias, in which 
there are two (or rarely three) distinct blast popu-
lations, each expressing markers of a different 
lineage. It is important to follow the strict defini-
tion of lineage-defining markers when making a 
diagnosis of MPAL (Table 5.4). Of note, AML 
with minimal differentiation (M0) shows no or 

5 Leukocytosis: Neutrophilia, Basophilia, and Blasts



164

minimal (<3%) MPO expression by cytochemis-
try, but a  diagnosis can be made if blasts express 
two or more myeloid markers such as CD117 and 
CD13 and lack expression of B- or T-lineage- 
defining markers. On the other hand, cases with 
an immunophenotype typical for B- or 
T-lymphoblastic leukemia and with a few MPO+ 
cells demonstrated by either flow cytometry or 
cytochemistry should not be diagnosed as 
MPAL. Typical examples of mixed-phenotype 
acute leukemias are illustrated in Figs. 5.20 and 
5.21. Acute undifferentiated leukemia shows no 
lineage-defining markers. The blasts are often 
CD34+ with CD7 expression, but lack MPO and 
CD117 and are negative for B- and T-lineage 
markers. Regarding the use of immunostains to 
diagnose MPAL cases, care must be taken with 
MPO immunostaining, which can be positive in 
some ALL cases. Thus, expression of MPO as the 
only myeloid marker by immunohistochemistry 
in isolation does not establish a myeloid lineage.

 Blastic Plasmacytoid Dendritic Cell 
Neoplasm

Blastic plasmacytoid dendritic cell neoplasm 
(BPDCN) is an aggressive, primitive hematologic 
neoplasm derived from the precursors of plasma-
cytoid dendritic cells, which are type I interferon-
producing dendritic cells. It most commonly 
simultaneously involves the skin and bone marrow 
and for these reasons had previously been called  
“primitive hematodermic neoplasm.” The tumor 
can occur in any age group, but usually affects 
patients in the seventh decade of life or older. It has 
a male predominance. The skin is involved in 
nearly all cases, with patients presenting with 
often multiple cutaneous nodules or papules that 
are variable in size. The bone marrow is involved 
in up to 90% of cases and if the involvement is 
extensive, patients may manifest one or more cyto-
penias, with a leukemic phase often developing 
later in the course of disease [70]. Interestingly, 
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Fig. 5.19 Flow cytometry characteristics of acute pro-
myelocytic leukemia (APL). (a) APL blasts have very 
high side scatter on CD45/SSC mimicking hypogranu-
lated granulocytes. (b) They are CD33bright+ and 
CD13+. They are also CD117+ (c) and negative for 

CD34 and HLA-DR (d). Microgranular variant APL 
often can express dim or partial CD34 (e), but like the 
classical type of APL shows strong, uniform MPO 
expression (f)
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10–20% of BPDCN are associated with a concom-
itant myeloid neoplasm, most commonly MDS, 
CMML, or AML [71, 72]. The clinical course of 
BPDCN is aggressive, with most reported median 
survivals of less than 2 years.

In blood and BM smears, the neoplastic cells 
resemble blasts, with irregular nuclei, finely dis-
persed chromatin, and scant, agranular cytoplasm 

that may contain peripherally located small vacu-
oles; Auer rods are absent. In the bone marrow, the 
blastic infiltrate is usually diffuse, although the 
cells may be admixed with maturing hematopoietic 
elements (Fig. 5.22). As discussed above, other 
hematopoietic elements should be carefully exam-
ined for evidence of another concomitant hemato-
poietic neoplasm, which occurs in a subset of cases.

Table 5.4 Lineage-defining markers in diagnosing acute leukemias of ambiguous lineage

Myeloid lineage
•  Myeloperoxidase (MPO) positive by cytochemistry (≥3% of blasts) or flow cytometry, or expression of at least two 

of the following monocytic markers: CD11c, CD14, CD64, lysozyme, nonspecific esterase

B lineage
•  Bright surface CD19 plus at least one of the following markers: Cytoplasmic CD79a, surface or cytoplasmic 

CD22, CD10, OR

•  Weak surface CD19 plus at least two of the following markers: Cytoplasmic CD79a, surface or cytoplasmic CD22, 
CD10

T lineage
• Cytoplasmic CD3 (in at least a subset of the blasts), expressed at the level of normal T cells
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Fig. 5.20 Mixed-phenotype acute leukemia, T/myeloid 
subtype (biphenotypic). (a) A large population of 
CD45dim+ cells is seen on CD45/SSC. The blasts are uni-
formly positive for CD34 and CD117 (b), CD7 and par-
tial/dimCD33 (c), bright CD13 and CD2 (d), cytoplasmic 

CD3 and MPO (subset) (e), and TDT (f). Turquoise color 
represents lymphocytes as internal control cells. The 
T-cell and myeloid markers are co-expressed on the same 
cell population, characteristics of biphenotypic acute 
leukemia
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By cytochemistry, the BPDCN cells are uni-
formly negative for NSE and MPO. The typical 
immunophenotype by immunohistochemistry is 
CD4+, CD56+, CD123+, and TCL1+ and most 
cases express all of these markers; however, about 
10% of cases may fail to express CD4 or CD56 
and negativity for one of these markers does not 
exclude the diagnosis if other features fit with 
BPDCN [71, 73, 74]. Other commonly expressed, 
but less specific, markers are CD68, CD33, and 
CD7. TdT, CD2, CD5, and CD117 are expressed 
in a subset of cases [74]. Specific markers defin-
ing B cell (CD19, CD20), T cell (CD3), or 
myeloid (MPO, lysozyme) lineages are negative. 
By flow cytometry, BPDCN express the same 
markers found by immunohistochemistry, with 
bright CD123 expression and dim CD45 expres-
sion. CD303 is also commonly expressed [75].

There is relatively little data available on the 
genetic profile of BPDCN. About half of 

cases that involve the bone marrow show an 
abnormal karyotype, with the most frequent 
abnormalities involving chromosomes 5q, 12p, 
and 13q. Interestingly, the gene expression 
 profile of BPDCN is distinct from both AML and 
ALL [76], which validates its classification as a 
separate entity among the acute leukemias in the 
2016 WHO Classification, rather than as a sub-
type of AML. However, the pattern of gene 
mutations, which includes TET2 as well as 
ASXL1, NRAS, and KRAS, is more akin to 
myeloid neoplasms such as MDS rather than 
lymphoid neoplasms [74, 77, 78].

The main differential diagnosis is with AML. The 
blasts of AML with monocytic differentiati n can 
express CD4, CD56, and CD123 and BPDCN cells 
may resemble myeloblasts or monoblasts. Thus, 
demonstration of negativity for MPO, lysozyme, 
and NSE is important, as positivity for any of these 
markers would favor AML rather than BPDCN. One 
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a b

c d

Fig. 5.22 Blastic plasmacytoid dendritic cell neoplasm 
(BPDCN) involving the bone marrow. (a) In the aspirate 
smear, the tumor cells in this case are small with moder-
ately dispersed chromatin, one to two distinct nucleoli, 
irregular nuclei, and scant cytoplasm. Peripherally located 
vacuoles are present in some of the cells. (b) The bone 

marrow biopsy contains a heavy interstitial infiltrate of 
tumor cells with irregular nuclei. (c) Another example of 
BPDCN involving the bone marrow biopsy, showing 
more pronounced cellular pleomorphism. (d) An immu-
nostain for CD123 is positive in the tumor cells

recent study suggested that a panel of immunohisto-
chemical markers including MPO, CD56, CD123, 
TCL1, TdT, and myxovirus A (MxA) was most 
helpful in distinguishing between AML and 
BPDCN [79]. Mature nodules of plasmacytoid den-
dritic cells can occur in the bone marrow of patients 
with myeloid neoplasms, particularly CMML, and 
are not equivalent to a diagnosis of BPDCN. Unlike 
the tumor cells of BPDCN, the cells in mature plas-
macytoid dendritic cell nodules have abundant, 
eccentric cytoplasm reminiscent of plasma cells and 
mature chromatin. They are also generally negative 
or only very weakly positive for CD56 and have a 
much lower Ki67 proliferation index compared to 
BPDCN [80].
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Leukocytosis: Eosinophilia

Roberto N. Miranda and Sa A. Wang

 Overview

A normal peripheral blood level of eosinophils 
ranges between 0.0 and 6.0% of leukocytes with 
an absolute count of 0.05–0.5 × 109/L. The nor-
mal range for eosinophils in bone marrow aspi-
rates is 1–6%, but this percentage is less 
reproducible in clot or core biopsy specimens. 
Eosinophilia is the increase of eosinophils in the 
peripheral blood or tissues above what is consid-
ered the normal range. The peripheral blood 
threshold for eosinophilia of clinical significance 
is ≥1.5 × 109/L [1]. This threshold applies to both 
reactive and neoplastic processes alike and it has 
been used in the diagnosis of a variety of disor-
ders. Above this threshold, eosinophilia is usu-
ally associated with skin rash or autonomic 
symptoms such as bronchoconstriction. A defini-
tion of bone marrow eosinophilia has been sug-
gested when ≥20% of marrow cells are 
eosinophils, with or without peripheral blood 
eosinophilia [2, 3]. In extramedullary sites such 
as the gastrointestinal tract mucosa, thymus, 
spleen, or lymph nodes, scattered eosinophils are 
normally found; tissue eosinophilia is based on a 

level above what is expected, except for certain 
specific diseases, such as eosinophilic esophagi-
tis, which have defined levels of tissue 
eosinophilia.

Eosinophils are normally controlled by cyto-
kines [4]. The most potent physiologic growth 
factors and activators of eosinophils are produced 
by T lymphocytes, mast cells, and stromal cells, 
and include IL-5, GM-CSF, and IL-3 [4]. 
However, eosinophils in clonal myeloid disorders 
are derived from progenitors bearing chromo-
somal rearrangements of oncogenic tyrosine 
kinase receptors such as PDGFRA, PDGFRB, or 
FGFR1 [5, 6] and in many circumstances the 
mechanisms of these clonal eosinophilias are not 
apparent. The granules of eosinophils contain 
active molecules such as eosinophil peroxidase, 
eosinophil cationic protein, major basic protein, 
and cytokines such as TFG-β [4]. Upon activa-
tion, eosinophils release their granules that when 
persistent may lead to fibrosis, thrombosis, and 
organ damage [4].

Primary eosinophilia, which encompasses 
chronic eosinophilic leukemia (CEL) and idio-
pathic hypereosinophilic syndrome (HES), is 
associated with organ damage due to the release 
of eosinophilic granules, which often causes 
organ fibrosis. In both reactive and neoplastic 
processes, eosinophilia can be associated with 
an increase or a stimulation of other cells such 
as mast cells, or sometimes secondary increase 
of bone marrow cellularity. When eosinophilia 
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is associated with other diseases such as classi-
cal Hodgkin lymphoma, Langerhans cell histio-
cytosis, or peripheral T-cell lymphoma, it can be 
a diagnostic hint for the underlying disease. In 
some cases, the significance of eosinophilia 
may not be apparent or may be obscured by 
other more ominous manifestations of disease in 
cases of acute leukemia, where eosinophils can 
be part of the neoplastic clone, or secondarily 
increased due to tumor-releasing cytokines. A 
current classification of hypereosinophilia is 
shown in Table 6.1.

The neoplastic eosinophilias discussed in 
this chapter are CEL, idiopathic HES, and the 
WHO category of myeloid/lymphoid neoplasms 
with eosinophilia and rearrangements of 
PDGFRA, PDGFRB, FGFR1, or PCM1-JAK2. 
The latter encompasses a rare group of neo-
plasms that results from gene fusions involving 
one of several tyrosine kinase genes: a variety of 
gene fusion partners have been found with 
PDGFRA, PDGFRB, and FGFR1, while the 
JAK2- rearranged category only includes rear-
rangement with PCM1 [5–7]. Although most 
patients with these neoplasms present with 
eosinophilia, the presentations can be highly 
variable and not all have eosinophilia; early rec-

ognition of these neoplasms is important 
because patients with neoplasms associated 
with PDGFRA or PDGFRB fusions often 
respond to tyrosine kinase inhibitor therapy. The 
main differential diagnoses to address are 
myeloid neoplasms that are defined by other 
parameters such as recurrent cytogenetic or 
molecular abnormalities, but that on occasion 
associate with clonal eosinophilia. To better 
understand the concepts of neoplastic eosino-
philias, it is important to first consider the 
mechanisms of secondary eosinophilia.

 Secondary Hypereosinophilia

Secondary hypereosinophilia (HE) is a poly-
clonal, reactive expansion of eosinophils driven 
by a primary disease process, often due to cyto-
kine overproduction. In secondary/reactive HE, 
the high eosinophil count can be a hint and an 
adjuvant to the diagnosis of parasites, drug effects, 
allergies, and autoimmune diseases. Eosinophilia 
in patients who recently visited developing coun-
tries may be due to parasitic infections, and a 
search for parasites in skin, respiratory secretions, 
or stool is warranted. Although in general the 

Table 6.1 Classification of hypereosinophilia (HE) [2]

Proposed terminology Proposed abbreviation Definition/pathogenesis
Hereditary (familial) HE HEFA Unknown pathogenesis

Familial clustering

No evidence of hereditary immunodeficiency

No evidence of reactive or neoplastic disorder 
associated with HE

HE of undetermined significance HEUS No underlying cause of HE

No familial history

No evidence of reactive or neoplastic disorder 
associated with HE

No evidence of organ damage attributable to HE

Primary (clonal/neoplastic) HE HEN Underlying stem cell, myeloid, or eosinophilic 
neoplasm (WHO criteria)

Eosinophils are neoplastic cells

Secondary (reactive) HE HER Underlying condition or disease in which 
eosinophils are nonclonal cells

Cytokine driven in most cases
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eosinophilia disappears with treatment of the par-
asite, there are cases when the eosinophilia per-
sists. There is a number of systemic, allergic, or 
autoimmune disorders that associate with eosino-
philia, including allergy and hypersensitivity, 
drug reactions, collagen- vascular disease, pulmo-
nary eosinophilic disease, allergic gastroenteritis, 
and adrenal insufficiency among others. It is 
important to note that reactive processes affecting 
the gastrointestinal tract, such as eosinophilic 
esophagitis, are characterized by tissue eosino-
philia (with or without peripheral blood eosino-
philia) that can lead to organ damage.

Several nonmyeloid neoplasms are associated 
with secondary eosinophilia resulting from secre-
tion of cytokines such as IL-3, IL-5, and GM-CSF 
that promote eosinophilic differentiation. The 
best known lymphoid neoplasms that associate 
with secondary eosinophilia are lymphoblastic 
leukemia/lymphoma [8], peripheral T-cell lym-
phoma [9, 10], and classical Hodgkin lymphoma 
(Fig. 6.1) [11]. Hypereosinophilia can also be 
associated with solid tumors such as squamous 
cell carcinoma of the head and neck, renal cell 
carcinoma, small-cell carcinoma of the lung, 
transitional cell carcinoma, and breast cancer. 
Eosinophilia in this setting is considered as a 
paraneoplastic phenomenon, but in some cases 
may be a reaction to cancer treatment drugs.

Lymphocyte variant hypereosinophilic syn-
drome (L-HES) is an entity characterized by 

hypereosinophilia associated with clonal circulat-
ing CD3-CD4+ T cells. The CD3-CD4+ T cells 
are often CD7dim/negative, CD2bright+, and 
CD5bright+. The median percentage of 
CD3-CD4+ lymphocytes out of total lymphocytes 
is 17% (range 0.5–96%) (Fig. 6.2). These T cells 
have a Th2 profile and are able to produce eosin-
ophilopoietic cytokines such as IL-4, IL-5, and/or 
IL-13 [12]. This T-cell secretion of cytokines 
leads to overproduction of eosinophils [13]. In 
this disease, the T lymphocytes are clonal in most 
cases, but the eosinophils are reactive. Recently, a 
gain-of-function STAT3 mutation was found in a 
patient with L-HES, and by cell sorting the muta-
tion was identified in the CD3-CD4+ T cells [14]. 
Patients with L-HES usually present with skin 
manifestations and rheumatologic symptoms, and 
less common with lymphadenopathy, gastrointes-
tinal, and pulmonary symptoms. Although L-HES 
is considered an indolent  disease, about 5–20% 
patients reportedly go on to develop T-cell 
 lymphoma [15]. The bone marrow is in general 
unremarkable, except for increased eosinophils 
that may lead to a slightly increased cellularity. 
Eosinophils often do not show significant abnor-
malities. Trilineage hematopoiesis is retained and 
exhibits no significant dyspoiesis. There may be 
scattered spindle mast cells, but no aggregates, 
and no KIT mutations. The immunophenotype of 
the Th2 type T cells shows striking overlapping 
with the neoplastic T cells of  angioimmunoblastic 

a b

Fig. 6.1 Bone marrow of a patient with nodular sclerosis 
Hodgkin lymphoma shows mild hypercellularity and 
eosinophilia (a), but no involvement by Hodgkin lym-

phoma; the aspirate smear shows increased eosinophil 
precursors and also an increased myeloid-to-erythroid 
ratio (b)
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T-cell lymphoma (AITL). It is noteworthy that a 
significant number of AITL patients have a small 
number of circulating CD3-CD4+ T cells [16]. 
However, unlike AITL (Fig. 6.3), CD10 expres-
sion and T-follicular helper cell markers are not 
detected in L-HES, except in patients with L-HES 
transformed to AITL [17].

 Chronic Eosinophilic Leukemia, Not 
Otherwise Specified (CEL, NOS) 
and Idiopathic Hypereosinophilic 
Syndrome (HES)

Chronic eosinophilic leukemia, not otherwise 
specified (CEL, NOS), is currently considered 
as a myeloproliferative neoplasm (MPN) that is 
associated with persistent eosinophilia in 

peripheral blood, bone marrow, or extramedullary 
 tissues [18]. Organ damage may occur because 
of leukemic infiltration or because eosinophils 
release cytokines or enzymes. Since eosino-
philia is not uncommon in most other MPNs 
(with the exception of CML), a thorough diag-
nostic workup is necessary to exclude all the 
other defined MPNs, including assessment of 
karyotype by conventional cytogenetics, fluo-
rescence in situ hybridization (FISH) for spe-
cific translocations such as BCR-ABL1+ CML, 
and molecular genetic testing for mutations 
commonly detected in a variety of myeloid neo-
plasms (Table 6.2). Subsets of acute myeloid 
leukemia (AML) may also associate with 
eosinophilia; thus the blast count should be 
<20% in peripheral blood and bone marrow 
before CEL, NOS can be entertained as a diag-
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nosis [18]. The criterion of neoplasia in CEL, 
NOS is fulfilled if clonality is demonstrated. 
One or two criteria that indicate clonality are 
accepted: (1) the presence of any clonal genetic 
abnormality after excluding those abnormali-
ties that define other specific myeloid neo-
plasms, and (2) an increase of myeloblasts in 
peripheral blood or bone marrow (Table 6.2). 
The diagnosis of idiopathic hypereosinophilic 
syndrome (HES) is rendered when there is evi-
dence of organ damage by eosinophils, but no 
evidence of clonality, and no cause is identified 
for eosinophilia that is at least 6 months in 
duration (Table 6.3) [19]. The distinction 
between CEL, NOS and idiopathic HES in 
cases with no genetic abnormality or increased 
blasts is difficult. Using NGS technology, 
somatic mutations associated with myeloid 

neoplasms have been detected in patients with 
eosinophilia, mostly involving genes that influ-
ence DNA methylation and histone modifica-
tion. While such mutations can support a 
diagnosis of CEL, NOS, they have also been 
reported in some aging individuals lacking evi-
dence of a myeloid neoplasm; thus, it is impor-
tant to exclude all possible reactive causes of 
eosinophilia before considering a mutation as 
evidence of clonality to make a diagnosis of 
CEL, NOS [20, 21]. Morphology may play an 
important role in identifying the neoplastic 
nature of CEL, NOS and distinguishing it from 
idiopathic HES. Importantly, cases that resem-
ble CEL, NOS or HES but have rearrangements 
of PDGFRA, PDGRB, FGFR1, or PCM1-JAK2 
[5, 6] are currently classified as separate enti-
ties, and not considered HES or CEL, NOS 
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unless it shows progression to AITL
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despite their common presentation with periph-
eral blood eosinophilia. Thus, CEL, NOS and 
HES are diagnoses of exclusion.

 Clinical Features
CEL, NOS and HES are rare diseases [22]. Despite 
significant overlap between CEL, NOS and HES, 
recent studies [23] revealed some differences in 
clinical characteristics. There is a male predomi-
nance in both entities; however, the median age is 
in the fourth decade for idiopathic HES, and in the 
sixth decade for CEL, NOS. The median white 
blood cell count (WBC) is 25–30 × 109/L for CEL, 
NOS and 10–12 × 109/L for HES patients. HES 
patients more frequently present with symptoms 
associated with eosinophil activation, such as pul-
monary, gastrointestinal, and rheumatologic mani-
festation, and humoral related symptoms such as 

angioedema, pruritus, and diarrhea [24]. 
Endomyocardial fibrosis and central nervous sys-
tem (CNS) involvement are the most serious com-
plications. Endomyocardial fibrosis may lead to 
restrictive cardiomyopathy, while fibrosis of the 
atrioventricular valves may lead to valvular regur-
gitation and thrombi [18]. Tissue damage is a 
result of eosinophilic infiltration and release of 
eosinophils’ mediators. Spleen and liver infiltra-
tion occurs in 30–50% of cases [19]. On the other 
hand, CEL, NOS patients frequently present with 
constitutional symptoms, anemia, thrombocytope-
nia, or thrombocytosis (> 450 × 109/L), and symp-
toms related to those cytopenias, frequent 
organomegaly, elevated lactate dehydrogenase 
levels, and less frequently with allergy, urticaria/
rash, edema, asthma, myalgia/arthralgia, or eosin-
ophil-mediated organ injury.

Table 6.3 Diagnostic criteria for idiopathic hypereosinophilic syndrome (HES)

1.  Eosinophilia (eosinophil count ≥1.5 × 109/L) associated with tissue damagea

2.  WHO criteria for BCR-ABL1-positive chronic myeloid leukemia, polycythemia vera, essential thrombocythemia, 
primary myelofibrosis, chronic neutrophilic leukemia, chronic myelomonocytic leukemia, and BCR-ABL1-negative 
atypical chronic myeloid leukemia are not met

3.  No rearrangement of PDGFRA, PDGFRB, or FGFR1, and no PCM1-JAK2, ETV6-JAK2, or BCR-JAK2 fusion

4.  Blast cells constitute <2% of the cells in the peripheral blood and <5% in bone marrow

5.  There is no clonal cytogenetic or molecular genetic abnormalityb

6.  Rule out lymphocyte variant HES (acytokine- producing, immunophenotypically aberrant T-cell population or 
Th2-type cells)

aIn the absence of tissue damage, the preferred term is idiopathic hypereosinophilia
bBecause some clonal molecular genetic abnormalities (e.g., mutations in TET2, ASXLI, and DNMT3A) can occur in a 
minority of elderly people in the absence of any apparent hematological abnormality, mutation results must be inter-
preted in the context of the overall clinical and bone marrow morphologic features

Table 6.2 Diagnostic criteria for chronic eosinophilic leukemia, not otherwise specified

1. Eosinophilia (eosinophil count ≥1.5 × 109/L)

2.  WHO criteria for BCR-ABL1-positive chronic myeloid leukemia, polycythemia vera, essential thrombocythemia, 
primary myelofibrosis, chronic neutrophilic leukemia, chronic myelomonocytic leukemia, and BCR-ABL1-negative 
atypical chronic myeloid leukemia are not met

3.  No rearrangement of PDGFRA, PDGFRB, or FGFR1, and no PCM1-JAK2, ETV6-JAK2, or BCR-JAK2 fusion

4.  Blast cells constitute <20% of the cells in the peripheral blood and bone marrow, and inv(16)(p13.1q22), t(16;16)
(p13.1;q22), t(8;21)(q22;q22.1), and other diagnostic features of acute myeloid leukemia are absent

5.  There is a clonal cytogenetic or molecular genetic abnormalitya or blast cells account for ≥2% of cells in the 
peripheral blood or ≥5% in the bone marrow

aBecause some clonal molecular genetic abnormalities (e.g., mutations in TET2, ASXLI, and DNMT3A) can occur in a 
minority of elderly people in the absence of any apparent hematological abnormality, it is essential to exclude all possible 
causes of reactive eosinophilia before making this diagnosis solely on the basis of a molecular abnormality in an elderly 
person.
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Patients with CEL, NOS who have either a 
karyotypic abnormality or increased blasts have a 
median overall survival of 12–18 months. The 
outcome of patients with CEL, NOS based on a 
molecular genetic abnormality identified by NGS 
is uncertain, but one recent study found that the 
clinicopathological features and survival out-
comes of these patients were intermediate 
between CEL, NOS with an abnormal karyotype 
and idiopathic HES with no mutations [23, 25]. 
Most CEL, NOS patients die of either AML pro-
gression or bone marrow failure. In contrast, the 
survival of HES patients is variable, and overall 
survival is 80% at 5 years [23, 26]. The most 
common causes of death of patients with HES are 
heart failure or brain infarct due to eosinophilic 
infiltration or release of eosinophil mediators. 
The heterogeneity of outcomes of patients with 
idiopathic HES is likely due to the difficulty or 
limitations in proving clonality; as a result, this 
entity likely includes true neoplastic disease as 
well as reactive/secondary HE whose cause can-
not be identified.

 Morphology
The peripheral blood (PB) in CEL, NOS/HES 
patients shows mature eosinophils, ≥1.5 × 109/L; 
less common are eosinophils at the myelocyte 
and promyelocyte stages of maturation. The 

absolute eosinophil count can be higher than 
100 × 109/L and the percentage of eosinophils 
can be more than 70% [24]. On peripheral blood 
or bone marrow (BM) aspiration smears, it is 
common to observe abnormalities in the eosino-
phils such as large forms, decreased granularity, 
cytoplasmic vacuoles, and nuclear hypo- or 
hypersegmentation (Fig. 6.4). Although these 
features are also seen in reactive processes and 
HES [27], they are much more frequently 
observed in CEL, NOS. The normal range of 
eosinophils in bone marrow aspirate smears is 
3–6% of all marrow cells, and elevations can 
range from 7 to 57% [24]. Criteria to define hype-
reosinophilia in the BM biopsy or other tissue 
specimens have been suggested [2], and include 
the following: (1) ≥20% of marrow cells are 
eosinophils, (2) an experienced pathologist 
deems there are too many eosinophils in the biop-
sied tissue, or (3) in the absence of obvious eosin-
ophilia, immunohistochemistry for major basic 
protein (MBP) demonstrates extensive extracel-
lular deposition of eosinophilic granules, i.e., 
evidence of eosinophilic degranulation [2].

Although not acknowledged in the current WHO 
classification, there are PB and BM morphological 
features that can assist in the separation of CEL, 
NOS from HES. The bone marrow of HES is usu-
ally normal or slightly hypercellular mainly due to 

a b

Fig. 6.4 Peripheral blood from a patient with chronic 
eosinophilic leukemia, not otherwise specified (CEL, 
NOS), displays increased eosinophils, some with hypo-

granulation or uneven granulation, nuclear hypersegmen-
tation (a) and hyposegmentation (b)
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increased eosinophils (Fig. 6.5). Eosinophil matura-
tion is orderly, and most cells are mature eosinophils, 
often morphologically normal. Charcot-Leyden 
crystals may be seen. Megakaryocytes are morpho-
logically unremarkable. Mild dyserythropoiesis may 
be seen after hydroxyurea treatment, but marked 
dyserythropoiesis is uncommon. There is often no 
dysgranulopoiesis. Myeloblasts are < 5%, by defini-
tion. Mild marrow fibrosis (up to MF grade 1 of 3) 
can be seen in some cases, while fibrosis is a com-
mon finding in extramedullary sites [28].

In contrast, CEL, NOS often shows marked 
hypercellularity, not only due to the increase of 
eosinophils, but also due to increased granulo-
cytes. An increase of histiocytes, stromal cells, 
and vessels may also contribute to the overall 
appearance of increased cellularity. Blasts are 
usually less than 2% in the blood and less than 
5% in the marrow, but can be elevated, which is 
one of the criteria to distinguish between CEL, 
NOS and idiopathic HES. Megakaryocytes can 
be increased, or decreased, and often exhibit 
abnormal features. Most of the megakaryocytes 
are not typical of those seen in other myeloprolif-
erative neoplasms (large, hyperlobulated forms 
with clustering); instead, they more frequently 
show features of myelodysplasia (MDS)-like or 
are mixed MDS-like and MPN-like megakaryo-
cytes (Fig. 6.6). Dysgranulopoiesis and or dys-
erythropoiesis may be present in some cases. 

Eosinophil abnormalities, including marked 
hypogranulation, abnormal uneven granulation, 
abnormal nuclear hypo- or hyperlobulation, and 
markedly increased immature forms, are fre-
quently observed in CEL, NOS. Myelofibrosis 
grade 1 of 3 (MF-1) fibrosis can be seen in both 
CEL, NOS and HES, but MF-2 and MF-3 fibrosis 
are more common in CEL, NOS than in idio-
pathic HES. Mast cells may be increased in rare 
cases; however, they are often scattered and do 
not form large aggregates; the presence of aggre-
gates of ≥15 mast cells is suggestive of systemic 
mastocytosis associated with eosinophilia.

 Immunophenotype
The CD34+ myeloblasts, although not 
increased, often exhibit immunophenotypical 
aberrancy in CEL, NOS, but not in true reactive 
HE or HES. Frequent changes observed are 
decreased CD38 and HLA-DR expression and 
increased CD123, CD117, and CD13 expres-
sion. Immunophenotypical study for T cells and 
mast cells should be performed in every patient 
who undergoes workup for eosinophilia. 
Finding an aberrant T-cell population or Th2 
type T cells helps to identify L-HES or HE 
driven by an underlying T-cell lymphoprolifer-
ative process, whereas finding a small number 
of mast cells with aberrant expression of CD25 

a b

Fig. 6.5 A case of idiopathic hypereosinophilic syn-
drome (HES) with no clonal cytogenetic abnormality or 
mutations in a 45-year-old man with a long history of skin 
rash and upper respiratory symptoms. The bone marrow 
biopsy shows normal to slight hypercellularity with 

increased eosinophils and normal-appearing megkakaryo-
cytes (a); bone marrow aspirate smear shows increased 
eosinophils and their precursors, which are morphologi-
cally unremarkable (b)
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may indicate a clonal process. However, the 
significance of the latter needs further study.

 Cytogenetics and Molecular Genetics
There are no specific cytogenetic or molecular 
abnormalities that define CEL, NOS. When 
patients with hypereosinophilia are found to har-
bor certain specific or non-random cytogenetic 
abnormalities (see below), they are assigned to 
other disease categories.

The distinction between CEL, NOS and idio-
pathic HES remains challenging, even with the 
advent of NGS. The presence of a clonal karyo-
typic abnormality supports a diagnosis of CEL, 
NOS according to WHO criteria. However, as in 
the other MPNs, karyotypic abnormalities only 

occur in a subset of cases. Furthermore, there is 
no unique karyotypic abnormality in CEL, NOS; 
complex karyotype and trisomy 8 are the most 
common aberrancies. Mutations in genes fre-
quently associated with MPNs, such as JAK2, 
MPL, CALR, RAS, and KIT, are very infrequent in 
CEL, NOS. A recent study applied NGS for cases 
of hypereosinophilia and identified mutations in 
25–30% of cases that would otherwise be called 
idiopathic HES [23] (i.e., have a normal karyo-
type and no increase in blasts). The mutations 
were mostly in genes related to DNA methylation 
and histone modifications such as ASXL1, TET2, 
EZH2, and DNMT3A [23]. However, while these 
mutational data provide evidence of clonality, 
careful interpretation needs to consider the caveat 

a b

c d

Fig. 6.6 Chronic eosinophilic leukemia, not otherwise 
specified (CEL, NOS). The hypercellular bone marrow 
contains frequent dysplastic megakaryocytes (a, arrows). 
Mild fibrosis is very common, but not specific (b, reticulin 
stain); the peripheral blood shows dysplastic eosinophils 

with reduced granules and abnormal nuclear hyperseg-
mentation (c); the bone marrow aspirate smear shows 
many eosinophil precursors. These morphological findings 
highly suggest a neoplastic process even in the absence of 
clonal cytogenetic abnormality or increased blasts
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of prevalent clonal hematopoiesis of indetermi-
nate potential (“CHIP”) in the elderly population 
[20, 21]. Moreover, the detection of mutations by 
NGS usually relies on a testing panel of muta-
tions, which may vary in the number of genes 
sequenced as well as the depth of sequencing that 
is variable among institutions.

 Differential Diagnosis
A summary of the entities in the differential diag-
nosis of CEL, NOS and idiopathic HES is shown 
in Table 6.4. The list includes reactive and neo-
plastic processes that present with eosinophilia 
≥1.5 × 109/L of at least 6 months in duration, or 
a shorter time if clonality can be demonstrated up 
front. An alternative to the 6-month observation 
period that has been proposed is the concept of 
persistent eosinophilia, which means that the 
eosinophilia has to be detected in two or more 
samples taken at least 4 weeks apart [2]. The 
optimal diagnostic approach requires a system-
atic evaluation of possible disorders in the differ-
ential diagnosis, and should include thorough 
clinical history, physical examination, laboratory 
data (LDH, tryptase, IgE, etc.), peripheral blood 
and bone marrow examination, flow cytometry 
immunophenotype, cytogenetics and its compan-
ion FISH (BCR-ABL1, PDGFRA, PDGFRB, 
FGFR1, PCM1-JAK2), and ideally molecular 
diagnostics testing that includes targeted assess-
ment of translocations associated with myeloid 
neoplasm as well as evaluation for mutations of 
genes associated with myeloid neoplasms. A 
rationale for the assessment of variables and 
diagnostic hints are shown in Table 6.5.

Reactive eosinophilia can often be suspected 
from a detailed clinical history that discloses 
allergies, use of medications associated with 
eosinophilia, or travel to endemic areas of para-
sitic infections. When neoplastic processes are 
considered, biopsies of any involved tissue 
should be considered. If there is no localized or 
defined lesion, bone marrow aspirate and biopsy 
are recommended. Eosinophilia secondary to 
lymphomas such as Hodgkin lymphoma or non-
Hodgkin lymphoma may be associated with mar-
row hypercellularity, whether or not the 
lymphoma involves the marrow (Fig. 6.7). A 
detailed clinical history, physical examination, 

and imaging studies may reveal lymphadenopa-
thy, hepatomegaly, splenomegaly, or extranodal 
involvement in patients with lymphoma.

Eosinophilia associated with other myeloid 
neoplasms is suspected in bone marrow speci-
mens that show hypercellularity, increased 
number of blasts, dysplastic features, or moder-
ate-to-marked marrow fibrosis. Clonal eosino-
philia has been documented in patients with 
chronic myeloid leukemia (CML), chronic 
myelomonocytic leukemia (CMML), MDS, 
MPN, and MDS/MPN overlap syndromes and 
in patients with systemic mastocytosis. CML, 
BCR- ABL1+ (Fig. 6.8) commonly has eosino-
philia, while this is less common in the clas-
sic MPN with mutations in JAK2, MPL, and 
CALR. Eosinophilia in MDS is associated 
with a poor prognosis and an abnormal 
karyotype [29]. In the presence of ≥1 × 109/L 
monocytes in the peripheral blood, a diagno-
sis of CMML  supersedes a diagnosis of 
CEL, NOS (Fig. 6.9). AML with inv(16) or 
t(16;16)(p13.1;q22)/CBFB-MYH11 presents 
characteristically as acute myelomonocytic 
leukemia with bone marrow (but typically 
not peripheral blood) eosinophilia, includ-
ing abnormal-appearing eosinophils with 
mixed eosinophilic and basophilic granules 
(M4eo). AML with t(8;21)(q22;q22)/RUNX1-
RUNX1T1 also can present with signifi-
cantly increased eosinophils. In all of the 
above myeloid neoplasms, the eosinophils are 
also clonal (Fig. 6.10). Approximately 
20–30% of patients with systemic mastocyto-
sis present with eosinophilia (Fig. 6.11) [30, 
31], and the presence of eosinophilia does not 
appear to confer prognostic significance [32]. 
However, systemic mastocytosis with lymph-
adenopathy and eosinophilia appears to be 
clinically aggressive. Finally, B-acute lym-
phoblastic leukemia (B-ALL) with t(5;14)
(q31;q32);IL3-IGH is a rare B-ALL subtype 
associated with marked peripheral blood 
eosinophilia, often lacking circulating blasts 
and thus potentially mimicking HES or CEL, 
NOS. Unlike the AML entities associated 
with eosinophilia discussed above, in B-ALL 
with t(5;14) the eosinophils are not part of the 
leukemic clone.

R.N. Miranda and S.A. Wang



181

Both idiopathic HE and idiopathic HES have 
persistent hypereosinophilia (≥1.5 × 109/L) and 
lack any clonal genetic abnormality or increased 
blasts. Idiopathic HE fulfills all HES criteria, but 
there is no organ damage or symptoms related to 

the eosinophilia. This latter definition does not 
consider the possibility that the longer the disease 
persists, the higher the likelihood of organ dam-
age, and thus idiopathic HE and idiopathic HES 
may be part of the spectrum of the same disease.

Table 6.4 Differential diagnosis of clonal and reactive eosinophilia

Diagnosis Example Chromosomal abnormality Molecular 
genetic 
abnormality/
abnormalities

Main 
compartment: 
(1) blood; (2) 
bone marrow; 
(3) tissue

HES None Nonea 1, 2, 3

CEL, NOS Clonal but no unique 
abnormalitiesb

Not defined; most 
common are 
EZH2, SETBP1, 
ASXL1, TET2

1, 2, 3

AML Inv(16) inv(16)(p13.1q22) or t(16;16)
(p13.1;q22)

CBFB-MYH11; 
KIT (subset)

1, 2

CML Chronic phase t(9;22)(q34;q11.2); BCR-ABL1 NA 1, 2

MPN PMF Up to 30%, no unique 
abnormalities

JAK2, MPL, or 
CALR

1, 2

CMML About 30%, +8, -7 or del(7q) ASXL1, TET2, 
SRSF2, CBL, RAS

1, 2

PDGFRA CHIC2 microdeletion (requires 
FISH)

PDGFRA-FIP1L1 1, 2, 3

PDGFRB t(5;12)(q31 ~ q33;p12) PDGFRB-ETV6 or 
> 20 other partners

1, 2, 3

FGFR1 t(8;13)([11/2q12/1); t(8;22)
(p11.2;q11.2), and 12 other 
rearrangements

ZMYM2/FGFR1; 
BCR/FGFR1 or 12
other partners

1, 2, 3

Systemic 
mastocytosis

Normal or abnormal; no unique 
abnormalities

KIT D816V 1, 2

Drug Penicillin None None 1

Parasite Strongyloides None None 1, 3

Allergy Pollen None None 1

Autoimmune Lupus None None 1, 3

ALL Various, according to the subtype Various, according 
to the subtype

1, 2

PTCL AITL Various, according to the subtype TET2, DNMT3A 1, 2, 3

HL NA NA 1, 2, 3

Solid tumor Squamous cell 
carcinoma of 
head and neck

NA NA 1, 3

Lymphocyte variant 
hypereosinophilic 
syndrome

None TRB and/or TRG 
gene rearrangement 
STAT3 mutation in 
sorted Th2 type T 
cells

1, 2, 3

Abbreviations: CEL, NOS chronic eosinophilic leukemia, not otherwise specified, CML chronic myeloid leukemia, 
CMML chronic myelomonocytic leukemia, HES hypereosinophilic syndrome, HL Hodgkin lymphoma, PTCL periph-
eral T-cell lymphoma.
aBe aware of clonal hematopoiesis of indeterminate potential (CHIP)
bCan be normal if morphologically abnormal with or without a somatic mutation
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Table 6.5 Rationale for a comprehensive diagnostic evaluation of patients with eosinophilia and 
possible associations

1. Clinical history Possible Associations

Time of onset of disease HES requires > 6 months of symptoms; recent onset of symptoms may 
suggest a reactive process

Exposure to medications Hypersensitivity

Atopy Allergy

Travel to underdeveloped countries Parasites, infectious diseases

2. Physical examination

Skin rash Allergy

Hepatomegaly MPN or lymphoma

Splenomegaly MPN or lymphoma

Lymphadenopathy Hodgkin or non-Hodgkin lymphoma

Lung abnormalities HES with pulmonary eosinophilic disease

3. Complete blood count

Anemia MDS, MDS/MPN

Leukocytosis MPN, MDS/MPN

Lymphocytosis Non-Hodgkin lymphoma

Monocytosis CMML

Thrombocytosis MPN, MDS/MPN

Thrombocytopenia MDS, MDS/MPN, MPN

≥20% blasts AML or ALL

≥2% but < 20% blasts CEL, NOS, MDS, MPN, MDS/MPN, AML, ALL.

4. Bone marrow examination

Hypercellularity MPN, MDS, MDS/MPN

Dysplastic features MDS, MDS/MPN, or CEL, NOS

Abnormal lymphocytes Lymphoma

Lymphoid aggregates Lymphoma

≥20% blasts AML or ALL

≥ 5% but <20% blasts CEL, NOS, MDS, MPN, MDS/MPN, ALL, other myeloid neoplasms

Abnormal mast cells Systemic mastocytosis

Hodgkin or RS cells Hodgkin lymphoma

Abnormal Langerhans cells Langerhans cell histiocytosis

5. Flow cytometry immunophenotype

Clonal B cells B-cell lymphoma

T-cell aberrancies Lymphocyte-variant HES or T-cell lymphoma

Blast abnormalities CEL, NOS, MDS, MPN, MDS/MPN, ALL, other myeloid neoplasms

6. Cytogenetic analysis: Conventional karyotype and FISH

t(9;22)(q34;q11.2) Chronic myeloid leukemia

PDGFRA-FIP1L1 PDGFRA rearrangement

t(5;12)(q31–35;p13) PDGFRB rearrangement

t(8;13)(p11;q12) FGFR1 rearrangement

t(8;21)(q21;q21) AML

inv(16)(p13.1q22) or  
t(16;16)(p13.1;q22)

AML

t(5;14)(q31;q32) B-lymphoblastic leukemia
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Fig. 6.7 Bone marrow clot specimen from a patient with 
peripheral T-cell lymphoma shows hypercellularity and 
increased eosinophils; however the marrow is not involved 
by lymphoma

a b

Fig. 6.8 Bone marrow section from a patient with BCR- 
ABL1+ chronic myeloid leukemia (CML) shows hyper-
cellularity, a predominance of neutrophils with numerous 

eosinophils, and small, hypolobated megakaryocytes (a). 
The aspirate smear shows many eosinophils and neutro-
phils, which are morphologically unremarkable (b)

20 µm

Fig. 6.9 Peripheral blood from a patient with hypereo-
sinophilia displays increased eosinophils; however there 
is also an increase of monocytes and dysgranulopoiesis, 
which fits better with a diagnosis of chronic myelomono-
cytic leukemia

7. Molecular genetic testinga

BCR-ABL1 CML

CBFB-MYH1 AML

JAK2 V617F, MPL, or CALR mutations MPN: ET, PMF, or PV

TRB, TRG or IGH gene rearrangements Non-Hodgkin lymphoma, ALL, or lymphocyte- variant HES

Abbreviations: AML acute myeloid leukemia, aCML atypical chronic myeloid leukemia, CEL chronic eosinophilic 
leukemia, CML chronic myeloid leukemia, CMML chronic myelomonocytic leukemia, ET essential thrombocythemia, 
HES hypereosinophilic syndrome, MDS/MPN myelodysplastic/myeloproliferative neoplasm, MPN myeloproliferative 
neoplasm, PMF primary myelofibrosis, PV polycythemia vera
aIncludes common translocations, next-generation sequencing panel, specific mutations of myeloid disorders

Table 6.5 (continued)
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 Myeloid/Lymphoid Neoplasms 
with Eosinophilia 
and Rearrangements of PDGFRA, 
PDGFRB, FGFR1, or PCM1-JAK2

 Myeloid/Lymphoid Neoplasms 
with PDGFRA Rearrangement

 Clinical Features
The most common disease within this category of 
neoplasms results from rearrangements of PDGFRA. 
The most common fusion gene partner for PDGFRA 
is FIP1L1 [33]. It has been estimated that 10–20% 
of patients with unexplained eosinophilia in devel-
oped countries harbor PDGFRA rearrangements. In 
addition to eosinophilia (present in 70% of patients 
[34]), patients often have splenomegaly (about 
60%), anemia, thrombocytopenia, and neutrophilia. 
The disease at presentation may resemble CEL/idio-
pathic HES, systemic mastocytosis with eosinoph-
ila, CML or atypical chronic myeloid leukemia 
(aCML), and BCR-ABL1-negative lymphoblastic 
leukemia (T as well as B); rare cases may present as 
AML [35, 36]. Patients presenting with AML or 
T-lymphoblastic lymphoma (T-LBL) often have a 
pre-phase or coexisting PB eosinophilia. After diag-
nosis, progression to acute lymphoblastic leukemia 
or AML may also occur. Symptoms related to the 
release of eosinophilic granules occur and  commonly 
patients exhibit skin rash and erythema, and less fre-
quently pulmonary, gastrointestinal tract, and/or car-
diac manifestations. Endomyocardial fibrosis and 

restrictive cardiomyopathy may occur in patients 
who have this disease for a prolonged time interval.

Almost all patients with the FIP1L1-PDGFRA 
fusion are sensitive to tyrosine kinase inhibitors such 
as imatinib [37–39]. Primary or secondary resis-

a

b

c

Fig. 6.11 Bone marrow from a patient with systemic 
mastocytosis and eosinophilia. The bone marrow biopsy 
shows multiple large mast cell aggregates (a). High mag-
nification shows spindled mast cells admixed with numer-
ous eosinophils (b). The bone marrow aspirate shows 
increased mast cells with reduced granules and normal- 
appearing eosinophils and their precursors (c)

Fig. 6.10 Bone marrow aspirate of acute myeloid leuke-
mia with inv(16)(p13.1q22) shows abnormal eosinophils 
with large, basophilic and eosinophilic granules

R.N. Miranda and S.A. Wang



185

tance to imatinib is unusual in these patients [40, 41]. 
Discontinuation of therapy can lead to relapse of dis-
ease in a subset of patients [42]. Resistance involves 
the T674I mutation within the ATP-binding domain 
of PDGFRA. Rearrangements of PDGFRA with 
other gene partners also respond to tyrosine kinase 
inhibitor. Additional chemotherapy may be needed 
when patients present as acute leukemia. 

 Morphology
The BM is usually hypercellular with increased 
eosinophils, including eosinophilic precursors 
(Fig. 6.12). Dysplastic features of granulocytes 
and or erythroids or an excess of blasts are 
uncommon. Megakaryocyte abnormalities may 
be present, resembling megakaryocytes in MDS 
or MPN or mixed MDS/MPN features or show-
ing some larger megakaryocytes with separated 
nuclear lobes. Spindled mast cells are often 
observed, but they are usually scattered and do 

not form aggregates. Mast cells show frequent 
aberrant expression of CD25 (around 60% of 
cases). Myelofibrosis of at least grade 1 of 3 is 
very common, and is found in more than two- 
thirds of patients. Of note, the absolute and rela-
tive numbers of eosinophils in BM or peripheral 
blood are not useful to differentiate PDGFRA- 
rearranged from non-clonal eosinophilia. 
However, morphological abnormalities of eosin-
ophils are frequently observed in cases with 
PDGFRA rearrangement. These abnormalities 
include hypogranulation, degranulation, or 
uneven granulation, cytoplasmic vacuolation, 
nuclear hyper- or hyposegmentation, large size 
and many immature forms, often more pro-
nounced in PB than BM. 

 Immunophenotype
The immunophenotype of CD34+ blasts, as well 
as the presence of scattered (not aggregated) spin-
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Fig. 6.12 Bone marrow clot specimen shows hypercellu-
larity and eosinophilia in a patient with FIP1L1-PDGFRA 
gene fusion (a); spindled mast cells are highlighted by 
tryptase immunohistochemistry stain (b), but the mast 

cells are scattered and do not form large aggregates; they 
often show aberrant CD25 and CD117 co-expression as 
shown by flow cytometry study in this case (c)
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dled CD25+ mast cells, can provide useful clues 
to raise the suspicion of a neoplastic process.

 Cytogenetics and Molecular Genetics
The interstitial deletion of 800 kb that leads to 
FIP1L1-PDGFRA fusion is undetectable by con-
ventional cytogenetics, a technique with a level 
of resolution estimated at only 10–15 Mb. 
Therefore, conventional cytogenetics often 
shows a diploid karyotype in these cases. Routine 
detection of the interstitial deletion in clinical 
practice is best achieved by interphase or meta-
phase FISH. Since the CHIC2 gene is contained 
in the deleted region, the FISH test to detect 
FIP1L1- PDGFRA gene fusion is often referred 
to as “CHIC2 deletion.” The fusion can be 
detected in peripheral blood, BM smears, or 
involved tissues. It has been shown in human 
CD34+ cells that expression of FIP1L1-
PDGFRA fusion protein induces cell prolifera-
tion and differentiation toward eosinophilic 
lineage in the absence of cytokines; these effects 
are mediated by the activation of NF-κB and 
STAT5 [43].

 Myeloid/Lymphoid Neoplasms 
with PDGFRB Rearrangement

 Clinical Features
Myeloid/lymphoid neoplasms with PDGFRB 
rearrangement are rare, with a reported incidence 
of 1.8% of all MPN [3, 44]. Most affected patients 
are adult men, with a median age in the fifth 
decade of life [44–46]. Patients usually present 
with anemia, leukocytosis, monocytosis, eosino-
philia, and splenomegaly [44, 47]. Eosinophilia 
is common, but not invariably present in cases 
with PDGFRB fusion genes. These neoplasms at 
the time of presentation most often resemble 
chronic myelomonocytic leukemia (CMML), 
CEL, NOS, atypical CML, BCR-ABL1 negative, 
or occasionally MDS. Presentation as AML is 
uncommon. T-lymphoblastic leukemia has been 
occasionally reported at presentation or progres-
sion, but cases of PDGFRB rearrangement 
 presenting as B-ALL are best considered as BCR-
ABL1-like B-ALL [48].

 Morphology
A significant proportion of patients present as 
CMML with eosinophila or hypereosinophilia 
with monocytosis (Fig. 6.13). Some patients 
may show hematological features of atypical 
chronic myeloid leukemia (aCML) with 
increased eosinophils, or CEL, NOS or other 
MPN with increased eosinophils. If any of the 
above morphological entities show significant 
eosinophils in PB and or bone marrow, not nec-
essarily ≥1.5 × 109/L, PDGFRB rearrangement 
should be worked up.

Immunophenotype
Similar to cases with PDGFRA rearrangements, 
immunophenotypic studies for CD34+ myeloblasts, 
T cells, and mast cells are highly suggested.

 Cytogenetics and Molecular Genetics
The rearrangements of PDGFRB are usually not 
cryptic and thus conventional cytogenetics is the 
best approach to identify involvement of PDGFRB 
at chromosome 5q33. The breakpoints can be 
detected using FISH with break-apart probes to the 
PDGFRB locus; however, this approach does not 
identify the gene partner. More than 20 different 
partners of PDGFRB have been identified. These 
gene fusions lead to the creation of chimeric pro-
teins that have enhanced tyrosine kinase activity. 
The most common translocation is t(5;12)
(q33;p13)/ETV6-PDGFRB. As a consequence of 
the t(5;12), the extracellular ligand- binding domain 
of PDGFRB is replaced by the pointed domain of 
ETV6, resulting in enforced PDGFRB dimeriza-
tion by the PNT domain. The chimeric protein 
ETV6-PDGFRB stimulates hematopoietic cell 
proliferation leading to a MPN and eosinophilic 
proliferation [43, 49]. These effects are mediated 
by STAT5, NF-κB, and ERK signaling activation.

Most hematolymphoid neoplasms associated 
with translocations of PDGFRB are sensitive to 
tyrosine kinase inhibitors. Patients with these 
neoplasms respond to imatinib therapy with 
excellent hematopoietic and molecular responses. 
Primary or secondary resistance to imatinib is 
uncommon [45, 50]. Additional therapy is needed 
when patients present with or develop acute 
leukemia.
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 Myeloid/Lymphoid Neoplasms 
with FGFR1 Rearrangement

 Clinical Features
Myeloid/lymphoid neoplasms associated with 
FGFR1 rearrangement are rare and aggressive 
tumors. This group of diseases equally affects 
males and females with a reported male:female 
ratio of 1.2 to 1, and the median age is 44 years [7]. 
Patients usually present with systemic symptoms 
including fatigue, night sweats, weight loss, and 
fever. Lymphadenopathy and hepatosplenomegaly 
are common. Unlike myeloid/lymphoid neo-
plasms associated with PDGFRA and PDGFRB, 
FGFR1-rearranged neoplasms are usually not 
responsive to first-generation tyrosine kinase 
inhibitor (imatinib) therapy. Prognosis is poor and 
aggressive chemotherapy and often hematopoietic 
stem cell transplantation are often needed.

 Morphology
The bone marrow is usually hypercellular with 
eosinophilia and other features of MPN, such as 
a hypercellularity (Fig. 6.14), increased mega-
karyocytes with clustering, myeloid hyperplasia, 
increased stromal cells and vessels, and fibrosis. 
These neoplasms frequently progress to AML or 
lymphoblastic leukemia. Most patients with neo-
plasms associated with t(8;13)(p11;q12) (see 

below) develop T-lymphoblastic lymphoma or a 
T/myeloid neoplasm involving nodal or extrano-
dal sites. Most tumors at nodal or extranodal sites 
have a predominant T-lymphoblastic component 
admixed with scattered or perivascular myeloid 
blasts [51–53] (Fig. 6.15).

 Immunophenotype
In addition to the study of T cells and mast cells 
recommended to all patients with hypereosino-
philia, immunophenotypical studies should pay 
specific attention to the blast immunophenotype 
in such cases due to a frequent coexistence of 
lymphoblasts and myeloblasts. Especially in 
lymph node, it often shows a mixture of both 
types of blasts (Fig. 6.15).

 Cytogenetics and Molecular Genetics
An association between the t(8;13) and the triad of 
T-lymphoblastic lymphoma/leukemia, eosino-
philia, and myeloid malignancy was first reported 
in 1992 [54]. Since most neoplasms with rear-
rangements of FGFR1 present with demonstrable 
translocations, conventional cytogenetics is the 
best technique to identify involvement of FGFR1 
at 8p11. The t(8;13) is the most common rearrange-
ment observed in this disease (Fig. 6.16), in which 
the partner of FGFR1 is ZMYM2. Patients with the 
ZMYM2-FGFR1 rearrangement most often present 

a b c

Fig. 6.13 Hypereosinophilia associated with monocyto-
sis and PDGFRB gene fusion. Peripheral blood shows 
eosinophilia, and monocytosis (a); the bone marrow 
biopsy shows hypercellularity with eosinophilia and 

megakaryocytes are pleomorphic with separated nuclear 
lobes (b); the bone marrow aspirate shows increased and 
abnormal monocytes and eosinophilia (c)
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a b

c d

Fig. 6.15 Lymph node with blastic T/myeloid neoplasm 
with t(8;13)(p11;q12)(ZMYM2-FGFR1) rearrangement. 
The lymph node shows complete effacement of the archi-
tecture due to an infiltrate by intermediate-sized mono-

nuclear cells (a). Immunohistochemistry shows that the 
tumor cells are CD3+ (b) and many are TdT+ (c). 
Scattered cells are positive for myeloperoxidase (d)

a b

Fig. 6.14 Bone marrow clot specimen shows hypercellu-
larity and eosinophilia, in a patient with myeloprolifera-
tive neoplasm with FGFR1 rearrangement (a). The bone 

marrow aspirate smear shows myeloid cells admixed with 
small blasts, confirmed to be T lymphoblasts (b)
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with an eosinophilic MPN and T-lymphoblastic 
lymphoma or blastic T/myeloid neoplasm.

The diagnosis of blastic T/myeloid neoplasm 
with FGFR1 rearrangement can be confirmed by 
using FISH with break-apart probes for FGFR1. 
There are 14 other partners that can fuse with the 
FGFR1. However, manifestations may differ 
according to the gene partners. For example, 
myeloid/lymphoid neoplasms with t(8;22)
(p11.2;q11.2); BCR-FGFR1 patients usually 
manifest with monocytosis and transformation is 
to B-lymphoblastic leukemia [55, 56].

 Myeloid/Lymphoid Neoplasms 
with PCM1-JAK2 Rearrangement

The identification of neoplasms with eosinophilia 
and specific tyrosine kinase rearrangements has 
led to increased recognition of hematolymphoid 
neoplasms presenting with eosinophilia, but lacking 
PDGFRA, PDGFRB, or FGFR1 rearrangements. 
This field will continue to evolve as new recur-
rent molecular genetic alterations are discovered. 

An example is eosinophilia associated with 
PCM1-JAK2 [57], which has been incorporated 
in the group as myeloid/lymphoid neoplasm- 
associated eosinophilia and specific gene rear-
rangements as a new provisional entity in the 
2016 WHO revision. By conventional karyotyp-
ing, a t(8;9) (p22;p24.1) is detected which results 
in a PCM1-JAK2 rearrangement.

The t(8;9) (p22;p24.1) with PCM1-JAK2 rear-
rangement should be distinguished from t(8;9)
(p11;q33)/CEP110-FGFR1. FISH for JAK2 and 
FGFR1 molecular abnormalities should be per-
formed to confirm the rearrangement suggested 
by the karyotyping. Some patients with PCM1- 
JAK2 rearrangement present with marked eosino-
philia, while other patients present with features 
of an MPN or MDS/MPN lacking prominent 
eosinophilia. This rare entity is characterized by 
a combination of eosinophilia with BM findings 
of left-shifted erythroid predominance, lymphoid 
aggregates, and often myelofibrosis (Fig. 6.17), 
potentially mimicking PMF. It may also rarely 
present as T-cell or B-cell lymphoblastic leuke-
mia. While response to tyrosine kinase inhibitors 

1

6 7 8 9 10 11 12

13 14 15 16 17 18

19 20 21

46, XY, t(8;13)(p11;q12)

22 X Y

2 3 4 5

Fig. 6.16 Karyotype of bone marrow from a patient who presented with myeloproliferative neoplasm and eosinophilia 
demonstrates 46, XY, t(8;13)(p11;q12), consistent with rearrangement of FGFR1 at 8p11
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is poor, targeted therapy with JAK2 inhibitors 
offers potential benefit. Some patients have 
achieved excellent outcome after allogeneic stem 
cell transplant [6]. Variant JAK2 rearrangements 
BCR-JAK2 and ETV6-JAK2 can also occur, but 
these have more heterogeneous presentations 
than PCM1-JAK2-rearranged neoplasms.

A diagnostic algorithm for the diagnosis of 
hypereosinophilia is illustrated in Fig. 6.18.

Differential diagnosis 
The differential diagnoses for “Myeloid/lym-
phoid neoplasms with eosinophilia and rear-
rangements of PDGFRA, PDGFRB, or FGFR1 
or with PCM1-JAK2” include a wide range of 
disorders and entities. Since the clinical mani-

festations and morphological findings at time of 
presentations are highly variable, the scope of 
differential diagnoses needs to tailor to each 
individual case. For cases presenting with eosin-
ophilia, the differential diagnosis include reac-
tive/secondary eosinophilia, hypereosinophilia 
in the context of another well-defined myeloid 
neoplasm, chronic eosinophilic leukemia, not 
otherwise specified (CEL, NOS), and idiopathic 
hypereosinophilic syndromes (HES). For cases 
with no significant eosinophilia or with a presen-
tation of acute leukemia, a diagnosis can only be 
achieved by the clinical suspicion coupled with 
the selection of appropriate cytogenetic and 
molecular genetic testing. If there is a karyotype 
indication of a rearrangement of PDGFRA, 

a b

c d

Fig. 6.17 A case of eosinophilia with t(8;9)(p22;p24.1); 
PCM1-JAK2 rearrangement. Bone marrow biopsy at a 
low-power view shows diffuse fibrosis and bone remodel-
ing changes (a). At higher power, there are large erythroid 
islands consisting of immature erythroblasts (b); mega-

karyocytes are not increased and do not cluster, but 
include some dysplastic forms. An eosinophil infiltrate is 
also seen (c). Reticulin stain confirms the presence of 
increased fibrosis (d)
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PDGFRB, or FGFR1 or with PCM1-JAK2, FISH 
studies are definitely recommended to confirm 
or to exclude such rearrangements. Since 
PDGFRA-FIP1L1 is cryptic, it is encouraged to 
perform PDGFRA FISH if there is any suspi-
cion. For cases presenting with B-cell lympho-
blastic leukemia/lymphoma, there is substantial 
molecular genetic overlapping with Ph-like/
BCR-ABL1-like ALL. A number of rearrange-
ments with specific partner genes in cases of 
B-ALL are best fit for Ph-like/BCR-ABL1-like 
ALL than “Myeloid and lymphoid neoplasms 
with eosinophilia”. These include EBF1-
PDGFRB, SSBP2-PDGFRB, TNIP1-PDGFRB, 
ZEB2-PDGFRB and ATF7IP-PDGFRB; JAK2 
with SSBP2, PAX5, RFX3, USP25, and ZNF274. 
Recently, a case of B-ALL with FIP1L1-
PDGFRA was reported to have a Ph-like ALL 
signature, expanding the spectrum of these over-
lapping genetic entities.

These cases often do not have a chronic myelo-
proliferative neoplasm that may present pre-, con-
comitant or post-chemotherapy for B-ALL. 
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Monocytosis

Julia Turbiner Geyer

 Overview

Monocytes develop in bone marrow from 
myelomonocytic progenitor cells. Their num-
ber fluctuates in response to cytokines associ-
ated with systemic inflammation or infection. 
Thus, the presence of transient peripheral blood 
monocytosis is a very common and nonspecific 
finding that can be seen in a variety of autoim-
mune, infectious, and neoplastic conditions. 
However, sustained monocytosis, especially in 
conjunction with anemia or thrombocytopenia, 
can raise the possibility of a myeloid malig-
nancy and often warrants a bone marrow biopsy. 
The differential diagnosis of persistent mono-
cytosis includes chronic myelomonocytic leu-
kemia (including the “oligomonocytic” form of 
disease) and acute myeloid leukemia with 
monocytic differentiation, as well as other less 
frequent myeloid neoplasms, such as juvenile 
myelomonocytic leukemia and monocytic pro-
gression of an underlying myeloproliferative 
neoplasm or myelodysplastic syndrome. Close 
attention to the peripheral blood and bone mar-
row morphology, flow cytometric findings, and 
cytogenetics is essential to navigate the 

 differential diagnosis of monocytosis; more 
recently, molecular genetic testing has also 
been found to provide valuable information in 
this context. An algorithm for the suggested 
workup of monocytosis is presented at the end 
of the chapter (Fig. 7.30).

 Reactive Monocytosis

Monocytes develop in bone marrow and spleen 
from myelomonocytic progenitor cells under 
the influence of various cytokines, in particular 
the macrophage colony-stimulating factor 
(M-CSF) and granulocyte macrophage colony-
stimulating factor (GM-CSF) (see Fig. 7.1) [1]. 
Monocytic production in bone marrow is esti-
mated to take 2–3 days. Mature monocytes are 
released into the circulation, where they have a 
half-life of 1–2 days [1]. Classical inflammatory 
monocytes egress with marked diurnal varia-
tions [2]. In addition, monocytes leave the bone 
marrow during both infection and sterile inflam-
mation, such as myocardial infarction and ath-
erosclerosis [3]. Monocytes then enter tissues 
and body fluids, where they develop a pheno-
type characteristic of the specific tissue of resi-
dence (see Table 7.1). Monocytes are also 
recruited from the blood to sites of infection or 
inflammation where they can either directly take 
part in the inflammatory response or differenti-
ate into tissue macrophages [4].
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 Clinical Features
Absolute monocytosis is defined as peripheral 
blood monocyte count of more than 0.8 × 109/L, 
or above each aboratory normal reference 
range for monocytes. For the purposes of defin-
ing chronic myelomonocytic leukemia 
(CMML), absolute monocytosis is a peripheral 
blood monocyte count of more than 
1.0 × 109/L. The proportion of monocytes in 
peripheral blood may be increased in virtually 
all inflammatory and immune reactions [4], 
such as in pregnancy, autoimmune diseases, 
gastrointestinal disorders, cancer, or sarcoid-
osis (see Table 7.2). A large number of specific 
infections have been associated with monocy-
tosis, including brucellosis, varicella zoster, 

bacterial endocarditis, tuberculosis, malaria, 
typhoid fever, syphilis, and trypanosomiasis 
[4]. Treatment with corticosteroids or colony- 
stimulating factors frequently induces mono-
cytosis. In addition, patients with marked 
neutropenia may develop transient relative 
monocytosis. Thus, bone marrow biopsies per-
formed following G-CSF administration in the 
course of chemotherapy treatment, especially 
in patients with acute myeloid leukemia (AML) 
and myelodysplastic syndrome (MDS), may 
show subtle to marked monocytosis that may 
include immature forms, raising the differen-
tial diagnosis of phenotypic shift of patient’s 
known myeloid neoplasm or emergence of new 
myelomonocytic neoplasm [5, 6]. During early 
bone  marrow reconstitution following chemo-
therapy or stem cell transplant, a transient 
blood and bone marrow monocytosis may 
develop even in the absence of exogenous 
growth  factor therapy. However, as opposed to 
true monocytic malignancy, a reactive mono-
cyte proliferation is fully reversible after dis-
continuation of the growth factor and upon 
complete bone marrow reconstitution [5–7]. 
Thus, clinical follow- up by repeat blood count 
examinations is often helpful in clarifying the 

HSC CMP GMP MDP

cMOP

CDP

Monoblast Promonocyte Monocyte

Macrophage

Myeloblast

Fig. 7.1 Stages of normal monocytic differentiation in 
bone marrow. Monocytes originate from hematopoietic 
stem cells (HSCs) and develop through sequential differ-
entiation stages: the common myeloid progenitor (CMP), 
the granulocyte-macrophage progenitor (GMP), the com-
mon macrophage and dendritic cell precursor (MDP), and 
finally the committed monocyte progenitor (cMoP). MDP 

also gives rise to common dendritic progenitors (CDP), 
whose differentiation is restricted to the dendritic cell lin-
eage. The cMoP develops into the monoblast, which is the 
first morphologically recognizable monocytic cell type in 
bone marrow. Monoblasts mature into promonocytes and 
finally monocytes. After passage through peripheral 
blood, monocytes may develop into tissue macrophages

Table 7.1 Terminally differentiated monocytic 
cells and specialization of macrophages in par-
ticular microenvironments

Body site Cell type
Liver Kupffer cells

Brain Microglia

Bone Osteoclasts

Lung Alveolar macrophages

Multiple tissues Histiocytes
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reactive nature of these transient monocytic 
proliferations.

 Morphology
Monocytes are the largest (12–20 μm) circulating 
mononuclear cells. They are characterized by 
abundant blue-gray cytoplasm and a folded, 
lobated, indented, or oval nucleus (Fig. 7.2a, b). 
Nuclear chromatin is not as clumped as that of 
neutrophils or mature lymphocytes (Fig. 7.2c). 
Nucleoli are typically absent or inconspicuous. 
Monocytes frequently contain cytoplasmic vacu-
oles and often have very fine azurophilic granula-
tion (Fig. 7.2d). While the terminology of 
“dysplasia” or “dyspoiesis” is used for granulo-
cytic precursors, erythroid progenitors and mega-

karyocytes, it is not considered appropriate to 
apply to monocytic cells. Instead the term “abnor-
mal” or “immature monocytes” is applied to 
monocytic cells with finer chromatin distribution, 
variably indented and folded nuclei, and more 
abundant cytoplasmic granules. These cells need 
to be distinguished from promonocytes, which 
are considered blast equivalents (see section on 
AML below).

Bone marrow monocytes are morphologi-
cally identical to circulating monocytes. They 
typically comprise ≤3% of bone marrow cellu-
larity (Fig. 7.3). Promonocytes and monoblasts 
are not conspicuous in normal or reactive bone 
marrow samples. The monocyte composition of 
the bone marrow depends on age. Although 

Table 7.2 Causes of secondary (reactive) monocytosis

Infection Bacterial
Viral
Protozoal
Mycobacterial

Autoimmune disease Systemic lupus erythematosus
Rheumatoid arthritis
Polyarteritis nodosa
Temporal arteritis
Myositis
Immune thrombocytopenia
Immune hemolytic anemia

Gastrointestinal disorders Alcoholic liver disease
Inflammatory bowel disease
Celiac sprue

Hematologic malignancy Classical Hodgkin lymphoma
Plasma cell myeloma
B cell lymphoma
T cell lymphoma

Drug induced Glucocorticoids
Exogenous cytokine administration

Non-hematopoietic malignancy Colorectal cancer
Breast carcinoma
Soft tissue sarcoma

Others Sarcoidosis
Depression
Splenectomy
Marathon running
Hemolytic anemia
Thermal injury
Myocardial infarction
Cardiac bypass surgery
Tetrachloroethane poisoning
Parturition
Wiskott-Aldrich syndrome
Kawasaki disease
Drug-induced myelosuppression
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young children have myeloid-predominant 
bone marrow, the percentage of monocytes is 
lower in children compared to adults (~1% of 
marrow cells in infants and ≤2% in children).

 Immunophenotype and Cytochemistry
The content of cytoplasmic granules contributes 
to the strong cytoplasmic staining of the mono-
cytic cells with alpha-naphthyl acetate esterase or 
alpha-naphthyl butyrate esterase used alone or 
with naphthol-ASD-chloroacetate esterase (cyto-
chemical stains performed on bone marrow aspi-
rate or peripheral blood).

Based on flow cytometry, monocytes have a 
predictable immunophenotypic profile, with 
expression of CD13, CD33, bright HLA-DR, 
bright CD11b, CD35, CD36, CD64, CD300e, 

a b

c d

Fig. 7.2 (a, b) Mature monocyte morphology in periph-
eral blood. (c) Compared to a reactive lymphocyte (lower 
right), the mature monocyte is significantly larger, has 
more abundant and differently colored cytoplasm and an 
irregularly shaped nuclear contour with a more finely dis-

persed chromatin. (d) Mature monocytes contain fine to 
occasionally more visible, evenly distributed pink azuro-
philic granules, as well as sparse to numerous cytoplasmic 
vacuoles

Fig. 7.3 Normal bone marrow aspirate composition 
including myeloid progenitors in various stages of matu-
ration and rare monocytes (arrow)
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and CD14 [8] (Fig. 7.4). At least three human 
monocyte subsets have been identified: 
CD14++ CD16− (classical) is the most preva-

lent subset with phagocytosis properties; 
CD14++ CD16+ (intermediate) has a pro-
inflammatory role and CD14+ CD16++ mono-
cytes have patrolling and antiviral behavior [4, 
9–11] (Fig. 7.5). Abnormal antigen expression 
is quite frequently present in reactive mono-
cytes, including coexpression of CD2 and 
CD56 or underexpression of HLA-DR or 
CD13 [12, 13]. However, aberrant expression 
is usually limited to one marker. The presence 
of two or more abnormally expressed antigens 
is significantly more frequent in myeloid and 
monocytic neoplasms such as CMML com-
pared to reactive monocytosis [13].

Immunohistochemistry can be performed on 
the bone marrow trephine to identify and quan-
tify the monocytic cells. CD14 is the most sensi-
tive and specific marker, followed by CD68 (KP1 
or PGM-1 epitopes) and CD163 [8] (Fig. 7.6).
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Fig. 7.4 Immunophenotypic profile of mature mono-
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Monocytes

Classical monocytes
CD14++CD16−

85%

Intermediate subset
CD14++CD16+

5%

Non-classical subset
CD14+CD16++

10%

Fig. 7.5 Normal monocytes are grouped into three 
subsets based on the Nomenclature Committee of the 
International Union of Immunologic Societies [11]
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 Cytogenetics and Molecular Genetics
Cytogenetic or molecular genetic abnormalities 
are not features of secondary (reactive) monocy-
tosis; confirmation of a normal karyotype and a 
lack of any myeloid-associated mutations (see 
below) can be supportive of a reactive rather than 
neoplastic etiology of a peripheral blood mono-
cytosis. However, a subset of older patients may 
display clonal hematopoiesis with myeloid-type 
mutations in the absence of defining features of 
CMML or other myeloid neoplasm (so-called 
clonal hematopoiesis of indeterminate potential 
or CHIP). Thus, the presence of a single myeloid- 
type mutation, particularly if at low mutant allele 
fraction (<10%), may be an incidental finding 
and does not exclude a reactive process.

 Differential Diagnosis
The main differential diagnosis with reactive 
monocytosis is a neoplastic monocytic prolifera-
tion, particularly chronic myelomonocytic leuke-
mia or an acute myeloid leukemia with monocytic 
features (see discussion below). In deciding if a 
monocytosis is reactive or neoplastic, it is helpful 
to assess its duration and trajectory: reactive 
monocytosis is typically transient or intermittent, 
while monocytic neoplasms exhibit persistent 
(6 months or greater) and often increasing mono-
cytosis. It is also important to determine any fac-
tors in the patient’s history that may account for a 
reactive monocytosis, such as growth factor 
administration or an infection. There is signifi-
cant morphologic and immunophenotypic over-

lap between reactive and neoplastic monocytosis; 
however, the presence of primitive monocytic 
forms (promonocytes or monoblasts) in the 
blood, unless rare, is worrisome for a hemato-
logic malignancy. If monocytosis is persistent 
and remains unexplained, even after careful inter-
rogation of the clinical record, a bone marrow 
examination is warranted to evaluate for the pos-
sibility of a monocytic neoplasm.

 Chronic Myelomonocytic Leukemia 
(CMML)

CMML is a myeloid neoplasm with features of 
both myelodysplastic syndrome (MDS) and 
myeloproliferative neoplasm (MPN). The 
updated 2016 WHO Classification recognized 
the heterogeneity of this entity and distinguishes 
between “myelodysplastic” type of CMML 
(WBC of <13 × 109/L and prominent dysplasia) 
and a “proliferative” type of CMML (WBC count 
of ≥13 × 109/L and frequent hepatosplenomeg-
aly) [14]. In the majority of patients with the pro-
liferative form of CMML, the WBC is increased 
due to monocytosis and, occasionally, neutro-
philia. The current diagnostic criteria of CMML 
require a persistent, unexplained absolute periph-
eral blood monocytosis ≥1 × 109/L, as well as 
monocytes representing ≥10% of the blood leu-
kocytes (Table 7.3).

Fig. 7.6 Immunohistochemical stain for CD14 highlights 
monocyte distribution in normal bone marrow biopsy

Table 7.3 Updated WHO diagnostic criteria for 
chronic myelomonocytic leukemia

•  Persistent monocytosis ≥1 × 109/L and ≥10% of the 
leukocytes

•  No BCR-ABL1, PDGFRA, PDGFRB, FGFR1, or 
PCM1-JAK2 gene rearrangements

• <20% blasts in blood or bone marrow

•  Dysplasia in one or more of the lineages. If 
myelodysplasia is absent or minimal, the diagnosis 
of CMML can still be made if the other 
requirements are met and

  –  An acquired clonal cytogenetic or molecular 
abnormality is present—OR

  –  The monocytosis has been present for at least 
3 months and all causes of reactive monocytosis 
have been excluded
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The updated WHO Classification divides 
CMML into three categories, CMML-0, CMML- 1, 
and CMML-2, based on the percentage of myeloid 
blasts (including promonocytes) in peripheral 
blood and bone marrow (Table 7.4). The finding 
of ≥20% blasts in the blood or the bone marrow 
indicates AML with monocytic differentiation 
rather than CMML. The value of subdividing 
CMML into three subgroups is based on the dif-
ferent survivals of these patients [15, 16].

The so-called oligomonocytic CMML refers 
to cases of myeloid neoplasms showing 
increased PB monocytes (>0.5 × 109/L) and rel-
ative monocytosis (>10%), but not at the level of 
absolute monocytosis required by the WHO 
Classification. Currently, these cases do not fit 
any well-defined WHO category and are usually 
classified as MDS or as myelodysplastic/myelo-
proliferative neoplasm, unclassifiable (MDS/
MPN, U). Based on results of one study, oligo-
monocytic CMML patients have low- normal 
WBC values and typically present with anemia, 
macrocytosis, thrombocytopenia, and/or neutro-
penia [17]. Approximately one- third of patients 
with oligomonocytic CMML progress to overt 
CMML and a significant subset (25%) progress 
to AML.

 Clinical Features
CMML mostly occurs in older adults (median 
age at diagnosis, 70 years). There is a moderate 
male predominance. In a subset of patients, 
CMML may be associated with immune- 
mediated processes and/or autoimmune disor-
ders, such as systemic vasculitis, immune 
thrombocytopenia, psoriasis, and gout [18, 19]. 
Many patients may be asymptomatic and have 
abnormalities found on routine blood counts. 

Other patients present with complications result-
ing from cytopenias, skin lesions, or symptoms 
related to splenomegaly. Splenomegaly is present 
in up to 50% of patients with CMML and is often 
accompanied by hepatomegaly, lymphadenopa-
thy, or nodular cutaneous leukemic infiltrates 
[20]. Patients with “proliferative”-type CMML 
tend to have more constitutional symptoms 
(fevers, unexplained weight loss, and night 
sweats), organomegaly, as well as pleural and 
pericardial effusions and ascites [21].

 Morphology
Cases of CMML are characterized by abnormal 
(immature) monocytes circulating in the blood, 
which may display unusual nuclear lobation, 
dense but delicate nuclear chromatin, and abnor-
mal cytoplasmic granules [22] (Fig. 7.7a–d); 
however, many or most of the circulating mono-
cytes in CMML may be morphologically indis-
tinguishable from reactive monocytes. Blasts and 
promonocytes may be seen, but represent <20% 
of the blood and bone marrow cells. There is 
often evidence of dysgranulopoiesis, especially 
in patients with dysplastic type of CMML [22].

The bone marrow is hypercellular in over 
75% of cases, usually due to a granulocytic 
 proliferation and with variable monocytic prolif-
eration [23] (Fig. 7.8). Most cases have myeloid 
and megakaryocytic dysplasia and a subset dem-
onstrates dyserythropoiesis [23]. Megakaryocytes 
are typically small and hypolobated, resembling 
those seen in MDS, and do not form clusters [23]; 
however, many cases may have mostly normal- 
appearing megakaryocytes. On close inspection 
of the biopsy section, monocytes with irregular 
and angulated nuclear contours, distinguishable 
from the granulocytic precursors that have oval 
or folded nuclei, can often be visualized. Up to 
30% of the cases may have significant marrow 
fibrosis. Frequently, nodules of plasmacytoid 
dendritic cells may be seen in CMML [24] 
(Fig. 7.9). The plasmacytoid dendritic cells are 
mature cells closely related to monocytes, and 
are not considered blast equivalents [24]. In sys-
temic mastocytosis associated with hematologi-
cal  neoplasm, CMML is one of the most common 
associations. The CMML cells and mast cells 

Table 7.4 Updated WHO subclassification for 
chronic myelomonocytic leukemia

Peripheral blood Bone marrow
CMML-0 <2% blasts <5% blasts

CMML-1 2–4% blasts 5–9% blasts

CMML-2 5–19% blasts or Auer 
rods

10–19% blasts 
or Auer rods

AML ≥20% blasts ≥20% blasts
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a b

c d

Fig. 7.7 Chronic myelomonocytic leukemia in blood. (a–d) Abnormal (immature) monocytes may have unusual 
nuclear lobation, dense to delicate nuclear chromatin, and abnormal cytoplasmic granules

a b

c d

Fig. 7.8 Chronic myelomonocytic leukemia in bone mar-
row. (a) The bone marrow biopsy is hypercellular with 
marked myeloid predominance. (b) Higher magnification 
demonstrates maturing granulopoiesis and evidence of 
dysmegakaryopoiesis; monocytic cells are not conspicu-

ous in this case. (c) Some cases have morphologic evi-
dence of myeloid immaturity, suggestive of increase in 
blasts and higher grade disease. (d) Dysgranulopoiesis is 
frequently seen in the bone marrow aspirate
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share the same cytogenetic abnormalities [25] as 
well as KIT mutations, indicating a same clonal 
origin.

In oligomonocytic CMML, the bone marrow 
biopsy also demonstrates hypercellularity. The 
myeloid-to-erythroid ratio may be decreased, 
normal, or increased. Bone marrow monocytes 
are increased in the majority of the patients with 
oligomonocytic CMML and dysplasia in at least 
one lineage is seen in more than half of the cases 
(Fig. 7.10). Ring sideroblasts may be present.

 Immunophenotype and Cytochemistry
On the bone marrow aspirate, the monocytic pro-
liferation can be confirmed by cytochemical 
staining with nonspecific esterase (Fig. 7.11).

With flow cytometry, immature monocytes 
have a similar immunophenotype to their normal 
counterparts, including expression of CD13, 
CD33, bright HLA-DR, bright CD11b, CD35, 
CD36, CD64, CD300e, and CD14 [8]. Several 
studies have found that flow cytometry monocyte 

quantification is very accurate and may improve 
on cytochemistry alone [26]. In addition,  aberrant 
immunophenotype has been demonstrated in 
monocytes, granulocytes, and/or myeloid blasts in 
>95% of CMML cases [26]. CD34+ cells in bone 
marrow, although comprising only a small fraction 
of all cells, exhibit a large number of immunophe-
notypic alterations (Fig. 7.12a). The most com-
mon abnormalities are markedly increased CD13, 
CD117, and CD123, and decreased CD38 expres-
sion. The changes are similar to those seen in 
CD34 myeloblasts in cases of MDS, but appear to 
be more uniform as a group. Immature monocytes 
may have aberrant expression of CD56, CD2, and 
CD23 or abnormally dim expression of CD45, 
HLA-DR, CD11c, CD13, CD15, CD64, or CD36 
[8, 26, 27] (Fig. 7.12b). A characteristic distribu-
tion of peripheral blood monocyte subsets due to 
an increase of “classical” CD14(+)/CD16(−) cells 
and a consequent relative reduction of CD14(+)/
CD16(+) “intermediate” and CD14(low)/CD16(+) 
“nonclassical” monocytic cells has been recently 

a b

c d

Fig. 7.9 Plasmacytoid dendritic cells in chronic myelo-
monocytic leukemia. (a) Nodule of plasmacytoid dendritic 
cells in bone marrow trephine biopsy. (b) Plasmacytoid den-

dritic cell morphology at high magnification. (c) Plasmacytoid 
dendritic cells strongly express CD123. (d) Aggregate of 
plasmacytoid dendritic cells in bone marrow aspirate
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proposed as a possible diagnostic signature of 
CMML [28]. This flow cytometry pattern may 
help distinguish CMML from reactive forms of 

monocytosis [28]. CD56 expression with concom-
itant underexpression of a myeloid marker was 
suggested to be unique to CMML monocytes [13]. 
Granulocytes in CMML may also show abnor-
mally decreased side scatter and aberrant pheno-
typic features, such as loss of CD10, disturbed 
CD11b/CD13/CD16 patterns, and ≥20% CD56 
expression (25) (Fig. 7.12b).

Immunohistochemistry can be performed on 
the bone marrow trephine to identify and quan-
tify the monocytic cells. CD14 is the most 
 sensitive and specific marker, followed by CD68 
(PGM-1) and CD163 [8] (Fig. 7.13). An increased 
number of CD34-positive blasts is associated 
with disease progression [15, 24] (Fig. 7.14). The 
most useful marker to highlight the nodules of 
mature plasmacytoid dendritic cells is CD123 
(Fig. 7.9c). Plasmacytoid dendritic cells may also 

a b

c d

Fig. 7.10 Oligomonocytic chronic myeloid leukemia. (a) 
The bone marrow biopsy is hypercellular; monocytes are 
not morphologically conspicuous. Micromegakaryocytes 
and small hypolobated megakaryocytes are frequently 

seen. (b) CD14 is useful to highlight an increase in bone 
marrow monocytes. (c) The bone marrow aspirate demon-
strates evidence of immature monocytosis. (d) The periph-
eral blood shows relative, but not absolute, monocytosis

Fig. 7.11 NSE staining in the bone marrow aspirate of a 
patient with CMML shows a mild increase in monocytic cells
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express CD14, CD43, CD68, CD45RA, CD33 
(weak staining), CD4, and granzyme B. Of note, 
the blasts and promonocytes in CMML-1 and 
CMML-2 and even in AML transformed from 
CMML are often CD34 negative. Thus, CD34 
evaluation by flow cytometry and/or immunohis-
tochemistry is often unhelpful at detecting the 
increased blasts and promonocytes in such cases.

 Cytogenetics and Molecular Genetics
Clonal cytogenetic abnormalities are found in 
20–40% of patients with CMML. The most fre-
quent recurring abnormalities include trisomy 8, 
monosomy 7, deletion of 7q, and structural abnor-
malities of 12p. On the other hand, certain gene 
mutations are enriched in CMML cases. As many 
as 40% of patients exhibit point mutations of 
NRAS/KRAS genes at diagnosis, or during the 
course of the disease, and the presence of muta-

tions in both TET2 and SRSF2 has been found to 
be strongly associated with the diagnosis of 
CMML [29–32]. TET2, SRSF2, or ASXL1 gene 
mutation is present in 90% of patients with 
CMML [31]. The presence of NRAS, RUNX1, 
SETBP1, or ASXL1 mutations is capable of 
imparting a more aggressive course  independently 
of the cytogenetic abnormalities [31–33]. The 
presence of JAK2 V617F mutation has been asso-
ciated with myeloproliferative features and large 
megakaryocytes [34]. NPM1 mutation has been 
described in a small percentage (3–5%) of CMML 
cases [35, 36]. In patients with monocytic prolif-
erations associated with NPM1 mutation, espe-
cially when at a high mutant allele frequency, 
careful review of the blast count is indicated to 
exclude the alternative diagnosis of AML with 
NPM1 mutation [35]. Close follow-up of these 
patients is recommended, since presence of NPM1 

a

102 103 104 105

10
2

10
3

10
4

10
5

10
2

10
3

10
4

10
5

10
2

10
3

10
4

10
5

10
2

10
3

10
4

10
5

10
2

10
3

10
4

10
5

10
2

10
3

10
4

10
5

102 103 104 105 102 103 104 105

102 103 104 105 102 103 104 105 102 103 104 105

C
D

45
 P

ac
ifi

c 
O

ra
ng

e-
A

C
D

14
 A

P
C

-H
7-

A

C
D

56
 P

E
-A

C
D

13
 P

E
-A

SSC-A

CD300e APC-A CD34 PerCP-Cy5-5-A CD16 FITC-A

HLA-DR Pacific Blue-A HLA-DR APC-H7-A
C

D
15

 F
IT

C
-A

C
D

11
B

 B
V

42
1-

A

MOLY

MY

OTHER

HG BL/Baso

Fig. 7.12 Flow cytometry abnormalities in chronic 
myelomonocytic leukemia. (a) Immature monocytes. 
Monocytes (yellow) are increased and demonstrate partial 
expression of CD15 and HLA-DR, no expression of 

CD300e, and aberrant expression of CD56. The granulo-
cytes (blue) show aberrant expression of CD56 and an 
abnormal pattern of maturation, with absence of CD13 on 
CD16- negative immature cells.

7 Monocytosis



206

b
26

21
44

19
65

06

13
06

72

SSC·A SSC·A

65
23

6

–4
00

26
21

44

19
65

06

13
06

72

65
23

6

–4
00

–1
02

–1
02

10
2

10
5

10
5

10
5

10
4

10
4

10
4

10
3

10
3

10
3

10
2

10
2

10
2

CDG4 PerCP-Cy5-5-A

CD13 APC-A

CD13 APC-A

CD38 APC-A

CD13 APC-A

CD34 PerCP-Cy5-5-A–1
02

–1
02

–1
02

10
5

10
4

10
3

10
2

–1
02

–1
02

10
3

10
4

10
5

–1
02

10
3

10
4

10
5

10
5

10
4

10
3

10
2

–1
02

CD13 APC-A

CD38 APC-A

10
5

10
4

10
3

10
2

–1
02

10
5

10
4

10
3

10
2

–1
02

10
5

10
4

10
3

10
2

–1
02

10
3

10
3

C
D

11
7 

P
E

-A
C

D
19

 B
V

 4
21

 V
45

0-
A

C
D

19
 B

V
 4

21
 V

45
0-

A

M
F

I=
28

22
C

D
38

M
F

I=
32

42
5

C
D

11
7=

73
74

C
D

13
=

10
81

C
D

38
=

69
43

C
D

13
=

69
06

C
D

45
 V

50
0-

A
10

4
10

4
10

5
10

5

–1
02

10
3

C
D

11
7 

P
E

-A

10
4

10
4

10
5

10
5

–1
02

10
3

–1
02

10
3

C
D

33
 P

E
-C

y7
-A

C
D

33
 P

E
-C

y7
-A

C
D

10
 P

E
-C

y7
-A

–1
02

10
3

10
4

10
5

C
D

10
 P

E
-C

y7
-A

10
4

10
5

–1
02

10
3

59
.7

1%

–1
02

10
2

10
3

C
D

45
 V

50
0-

A
10

4
10

5

Fi
g

. 7
.1

2
 

(c
on

tin
ue

d)
 (

b)
 C

D
34

+
 c

el
l a

bn
or

m
al

iti
es

. U
pp

er
 p

an
el

: b
on

e 
m

ar
ro

w
 w

ith
 r

ea
ct

iv
e 

m
on

oc
yt

os
is

; l
ow

er
 p

an
el

: c
hr

on
ic

 m
ye

lo
m

on
oc

yt
ic

 le
uk

em
ia

. T
he

 C
D

34
+

 c
el

ls
 

in
 C

M
M

L
 fo

rm
 a

 d
is

cr
et

e 
ce

ll 
po

pu
la

tio
n 

co
nt

ra
st

in
g 

w
ith

 a
 s

ca
tte

re
d 

pa
tte

rn
 in

 n
or

m
al

 b
on

e 
m

ar
ro

w
 (a

rr
ow

s)
, a

bs
en

ce
 o

f h
em

at
og

on
es

, i
nc

re
as

e 
in

 C
D

11
7 

an
d 

C
D

13
 e

xp
re

ss
io

n,
 

ab
no

rm
al

 C
D

13
/C

D
33

 p
at

te
rn

, a
nd

 d
ec

re
as

e 
in

 C
D

38
 e

xp
re

ss
io

n

J.T. Geyer



207

mutation or 11q23 rearrangement in CMML may 
herald rapid progression to acute leukemia [37].

Patients with oligomonocytic CMML fre-
quently have mutations in ASXL1, TET2, and 
SRSF2 genes. Approximately one-third of patients 
have concurrent TET2 and SRSF2 mutations.

 Differential Diagnosis
The main differential diagnoses with CMML are 
with AML with monocytic differentiation, myelo-
dysplastic syndrome, CML, and myeloprolifera-
tive neoplasms that have developed secondary 
monocytosis. The most important distinction is 
between CMML and AML, because these two dis-
eases have different treatments and prognoses. 
Importantly, patients with overt monocytic or 
myelomonocytic AML may display a mature- 
appearing monocytosis in the blood, bone marrow, 

Fig. 7.14 Immunohistochemical staining for CD34 in 
chronic myelomonocytic leukemia. In this case, CD34 
highlights approximately 10% blasts. Of note, the blasts 
in CMML are often monocytic and are negative for CD34 
as well as CD117 [24]

a b

c d

Fig. 7.13 Immunohistochemical profile of chronic 
myelomonocytic leukemia. (a) CD14 is the most sensitive 
and specific marker. (b) CD68 (KP-1) is a lysosomal 
membrane marker and stains numerous bone marrow 
cells, including monocytes and macrophages (strong 

staining) and neutrophils (weak staining). (c, d) Lysozyme 
(c) and myeloperoxidase (d) are both expressed in cells of 
myeloid lineage, predominantly the early precursors in 
addition to mature monocytes
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or even in extramedullary sites such as the CSF, 
body fluids, or cutaneous tissue infiltrates. These 
mature monocytes, which presumably represent a 
mature circulating component of the clonal leuke-
mic cells, may closely resemble reactive mono-
cytes, thus mimicking a reactive monocytosis or 
CMML. For these reasons, even if a monocytosis 
is proven to be clonal, a bone marrow examination 
is essential prior to rendering a diagnosis of 
CMML: the presence of greater than 20% blasts 
and promonocytes in the bone marrow establishes 
a diagnosis of AML, even if there are few or no 
circulating blast equivalents in the blood. A diag-
nosis of CMML requires demonstration that there 
are <20% blast equivalents in the bone marrow. As 
discussed above, mature- appearing monocytosis 
with a NPM1 mutation is particularly worrisome 
for a monocytic or myelomonocytic AML.

Once AML has been excluded, it is also impor-
tant to exclude CML or a prior MDS or MPN 
prior to rendering a diagnosis of CMML. Chronic 
 myelomonocytic leukemia should have monocy-
tosis at the initial presentation and this diagnosis 
should not be made in patients already carrying a 
confirmed diagnosis of MDS or MPN. 
Classification of cases in which there is some evi-
dence of a prior MDS (such as a history of pro-
gressive cytopenias) or MPN (such as 
megakaryocyte morphology closely resembling 
that of primary myelofibrosis and/or a concurrent 
JAK2 mutation, which is uncommon in CMML), 
but no documented prior diagnosis, can be diffi-
cult. In such cases, a diagnosis of CMML may be 
rendered, but the possibility of progression of a 
prior MDS or MPN should be mentioned in the 
differential diagnosis. CML must always be 
excluded by testing for BCR-ABL1 rearrangement 
by karyotype, FISH, and/or RT-PCR.

In monocytosis with concomitant eosino-
philia, the differential diagnosis includes 
myeloid/lymphoid neoplasms with recurrent 
genetic abnormalities, especially PDGFRB 
rearrangement. In some of these cases, the 
peripheral blood eosinophils may not reach 
1.5 × 109/L and the bone marrow eosinophil 
infiltrate may be <20%. Monocytes can exhibit 
abnormal features resembling CMML. The 
PDGFRB rearrangement is usually not cryptic 
and conventional chromosomal analysis usually 

reveals a rearrangement involving 5q32. 
However, some cases may show a normal karyo-
type either due to poor cell growth or cryptic 
PDGFRB rearrangement with unknown part-
ners; therefore, PDGFRB FISH should be per-
formed in cases of monocytosis with 
eosinophilia. If there are no recurrent genetic 
abnormalities and the monocytosis persists, 
these cases are classified as CMML, despite the 
presence of eosinophilia.

Situations of intermittent monocytosis, in 
which some but not all peripheral blood mono-
cyte levels exceed 1 × 109/L and/or some but not 
all monocyte percentages exceed 10% of all leu-
kocytosis over a 6-month time period, are also 
difficult to classify. The presence of increased 
bone marrow monocytes or a mutation pattern 
typical of CMML (with a combination of TET2, 
SRSF2, or ASXL1 mutations) tends to favor a 
diagnosis of CMML in such cases.

 Juvenile Myelomonocytic Leukemia

Juvenile myelomonocytic leukemia (JMML) is a 
rare, highly aggressive disorder of infancy and 
early childhood. The peripheral blood shows 
marked leukocytosis with absolute monocytosis 
(at least 1 × 109/L), as well as neutrophilia and 
presence of myeloid left-shift. Patients may have 
anemia and thrombocytopenia. Recent advances 
in molecular profiling of JMML patients have 
allowed the simplification and streamlining of 
the diagnosis of JMML. The current diagnostic 
criteria are summarized in Table 7.5.

 Clinical Features
The majority of cases occur in children younger 
than 3 years of age. The incidence of JMML is 
markedly increased in patients with genetic syn-
dromes arising from germline mutations in 
genes of the RAS/MAPK pathways, such as 
neurofibromatosis type 1 (NF1 mutation), 
Noonan syndrome (PTPN11 mutation), and 
germline CBL mutation [38]. Approximately 
10% of cases occur in children with neurofibro-
matosis type 1. Patients usually present with 
pallor and fever and may have a skin rash. There 
is leukocytosis (with a white blood cell count 
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typically between 25 and 35 × 109/L, but rang-
ing from 10 to 100 × 109/L), absolute monocyto-
sis (ranging from 1 to 60 × 109/L), and 
thrombocytopenia with or without anemia. 
However, the clinical features are relatively 
nonspecific and may closely resemble viral ill-
ness. There is usually hepatosplenomegaly and 
often lymphadenopathy. Café au lait spots are 
seen in patients with NF1.

 Morphology
Morphologic evaluation of peripheral blood smear 
is crucial in suspecting this diagnosis. Peripheral 
blood examination shows immature monocytes, 
along with myelocytes, metamyelocytes, and 
nucleated red blood cells [39] (Fig. 7.15). Bone 
marrow morphology is relatively nonspecific [39]. 
It is hypercellular for age and typically shows 
myeloid predominance, although occasional cases 
are erythroid rich [40] (Fig. 7.16). Monocytes typ-
ically account for 5–10% of the cellularity. Blasts 
(including promonocytes) represent <20% of all 
cells. Significant dysplasia is not a feature of 
JMML. Some cases have marrow fibrosis [40].

 Immunophenotype
Aberrancies in antigen expression of myeloid 
progenitors are frequently observed in JMML, 
and the phenotypic abnormalities are similar to 

those found in adult MDS and CMML [42]. 
Although there are no specific or characteristic 
immunophenotypic abnormalities seen in 
JMML [40, 41], abnormal flow cytometry find-
ings help to differentiate a neoplastic from reac-
tive monocytosis.

 Cytogenetics and Molecular Genetics
The majority of cases have a normal karyotype 
[41]. Monosomy 7 is present in ~25% of patients 
and ~10% of patients have evidence of other cyto-

Table 7.5 Updated WHO diagnostic criteria for juvenile myelomonocytic leukemia

I.  Clinical and hematologic features (all four features mandatory)

  • PB monocyte count ≥1 × 109/L

  • Blast percentage in PB and BM <20%

  • Splenomegaly

  •  Absence of Philadelphia chromosome (BCR-ABL1 rearrangement)

II. Genetic studies (1 finding sufficient)

  •  Somatic mutation in PTPN11a or KRASa or NRASa

  • Clinical diagnosis of NF1 or NF1 mutation

  •  Germline CBL mutation and loss of heterozygosity of CBLb

III.  For patients without genetic features, besides the clinical and hematologic features listed under I, the 
following criteria must be fulfilled:

  •  Monosomy 7 or any other chromosomal abnormality or at least two of the following criteria:

   – Hemoglobin F increased for age

   – Myeloid or erythroid precursors on PB smear

   – GM-CSF hypersensitivity in colony assay

   – Hyperphosphorylation of STAT5
aGermline mutations (indicating Noonan syndrome) need to be excluded
bOccasional cases with heterozygous splice-site mutations

Fig. 7.15 Peripheral blood findings in a 9-month-old boy 
with juvenile myelomonocytic leukemia. CBC showed 
WBC of 10.9 × 109/L with 28% monocytes and significant 
myeloid left-shift. Molecular analysis showed evidence of 
a somatic PTPN11 mutation
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genetic abnormalities [41]. Approximately 90% 
of patients carry either somatic or germline muta-
tions of RAS pathway genes, including PTPN11, 
KRAS, NRAS, CBL, or NF1 genes [43]; these 
genetic aberrations are largely mutually exclusive 
and activate the RAS/RAF/MAPK pathway.

 Differential Diagnosis
In cases of suspected JMML where there is no 
clonal cytogenetic abnormality, all possible causes 
of infection and as well as autoimmune diseases 
should be excluded prior to rendering a diagnosis 
of JMML. Transient myeloproliferation in the set-
ting of Down syndrome may mimic JMML. Finally, 
it is important to note that some children with 
Noonan syndrome, particularly those with hetero-
zygous germline PTPN11 mutation, may develop a 
transient myeloproliferative disorder in early 
infancy; in contrast to JMML, this can be transient 
with a benign course, although a subset of patients 
may subsequently acquire additional somatic 
genetic aberrations and develop overt JMML [44].

 Acute Myeloid Leukemia 
with Monocytic Differentiation

This subtype of AML comprises acute myelo-
monocytic leukemia (AML-M4), acute mono-
blastic leukemia (AML-M5a), and acute 

monocytic leukemia (AML-M5b), as well as cer-
tain subtypes of AML with recurrent genetic 
abnormalities (see below). Acute myelomono-
cytic leukemia is characterized by a proliferation 
of both neutrophilic and granulocytic precursors 
with at least 20% bone marrow monocytic cells. 
It represents 5–10% of AML cases. Acute mono-
blastic leukemia is characterized by >80% mono-
cytic cells with a predominance of monoblasts, 
while acute monocytic leukemia contains >80% 
monocytic cells with a predominance of 
promonocytes.

Up to a third of patients with CMML have 
disease progression to AML and most of these 
cases show monocytic differentiation, either 
myelomonocytic or monoblastic/monocytic 
variants [45]. According to the revised WHO 
Classification, these cases are classified as AML 
with myelodysplasia-related changes.

 Clinical Features
Patients typically present with symptoms related 
to anemia or thrombocytopenia. Numerous 
mature-appearing monocytes may be present in 
the blood. Patients with AML following a diag-
nosis of CMML tend to have a significantly 
higher WBC and absolute monocyte count com-
pared to de novo AML patients [45]. Acute 
monoblastic leukemia is more common in 
younger adults, while acute monocytic leukemia 

a b

Fig. 7.16 Bone marrow findings in juvenile myelomono-
cytic leukemia. (a) The biopsy cellularity is markedly 
increased for age and myeloid maturation is left-shifted. 
Megakaryocytes are decreased in number and there are 

numerous hematogones. Monocytic cells are not conspic-
uous. (b) In the aspirate smear, the myeloid-to-erythroid 
ratio is increased due to increased granulopoiesis. Myeloid 
cells are left-shifted and there are scattered monocytes
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is more frequent in older individuals. Patients 
with AML with monocytic features are particu-
larly prone to present with extramedullary dis-
ease, including lymphadenopathy, organomegaly, 
pulmonary edema, skin and gingival infiltration, 
and central nervous system involvement.

 Morphology
Monoblasts are large cells with abundant, moder-
ately to intensely basophilic cytoplasm, which 
may demonstrate pseudopod formation, scattered 
fine azurophilic granules, and vacuoles. Nuclei 
are round with delicate lacy chromatin and one or 
more prominent nucleoli (Fig. 7.17a, b). 
Promonocytes are large cells with intermediate 
features between monoblasts and immature 
monocytes. They have less basophilic and some-
times more obviously granulated cytoplasm with 

occasional large azurophilic granules and vacu-
oles. The nucleus is irregular with a delicately 
convoluted configuration. A nucleolus may be 
present (Fig. 7.17c, d). However, the distinction 
between promonocytes and other abnormal mar-
row elements such as dysplastic myeloid precur-
sors or immature monocytes is notoriously 
subjective and may be difficult (Fig. 7.18); more-
over, cases of AML with monocytic differentia-
tion may display a mature-appearing monocytosis 
in the blood and may have few or no circulating 
monoblasts or promonocytes, despite their pres-
ence in the bone marrow. The distinction between 
promonocytes and monoblasts can also be chal-
lenging; however it is not as critical, since both 
are considered blast equivalents.

Bone marrow examination typically shows 
increased cellularity due to extensive prolifera-

a b

c d

Fig. 7.17 Monoblasts and promonocytes in peripheral 
blood. (a, b) Monoblasts have abundant basophilic vacu-
olated cytoplasm and round nuclei with delicate lacy chro-
matin and one or more large prominent nucleoli. (c, d) 
Promonocytes have more abundant and more granulated 

cytoplasm with occasional large azurophilic granules and 
vacuoles. Compared to the monoblast, promonocyte 
nucleus is more irregular with a lobulated convoluted con-
figuration. Small nucleoli are frequently present
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tion of neoplastic immature monocytic cells 
(Figs. 7.19, 7.20, and 7.21). Normal trilineage 
hematopoiesis is markedly decreased or absent. 
AML cases that have progressed from a prior 

CMML have high bone marrow cellularity and 
increased bone marrow monocyte percentage. In 
one study the median bone marrow blast count in  
secondary AML cases following CMML was 
40%, which was lower than in de novo acute 
myeloid leukemia [45] (Fig. 7.22a, b).

Occasionally, cuplike nuclear invaginations are 
present in a proportion of myeloid blasts in cases 
of AML associated with NPM1 and/or FLT3 muta-
tions [46, 47]. AML with cuplike blasts is typically 
defined as presence of ≥10% blasts with at least 
one prominent nuclear invagination that spans 
≥25% of the greatest nuclear dimension (Fig. 7.23) 
[47]. The cutoff of ≥10% cuplike blasts appears to 
be highly specific for NPM1 mutation-positive 
cases, although the sensitivity is low [48].

 Immunophenotype and Cytochemistry
The monoblasts, promonocytes, and monocytes 
are usually positive with nonspecific esterase by 
cytochemistry, although absence of NSE does not 
exclude that cells are of monocytic derivation 

Fig. 7.18 Peripheral blood with marked immature mono-
cytosis. There is a spectrum of morphology ranging from 
immature monocytes to promonocytes and blasts. The 
morphologic distinction between these elements may be 
subjective and somewhat arbitrary

a b

c d

Fig. 7.19 Acute myelomonocytic leukemia. (a) The bone 
marrow biopsy is markedly hypercellular with myeloid 
predominance and an increase in blasts. Focally, maturing 
granulopoiesis is also present. (b) CD14 highlights an 

increased number of mature monocytes. (c) The bone 
marrow aspirate demonstrates an increase in blasts and 
monocytes. (d) The peripheral blood shows circulating 
blasts as well as mature monocytosis
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(Fig. 7.24a, b). Monoblasts are usually negative 
with myeloperoxidase cytochemistry, while pro-
monocytes and monocytes can be weakly to 
moderately MPO positive (Fig. 7.24c, d). 
However it is possible to find cases where mono-
blasts are positive for both MPO and NSE.

Based on flow cytometry, myeloid antigens 
are variably expressed by the neoplastic cells 
and there is usually positivity for at least two 
markers of monocytic differentiation, such as 
CD14, CD4, CD11b, CD11c, CD64, and CD36, 
(Fig. 7.25a). Expression of NG2 by flow cytom-
etry has been found to be a highly sensitive 
marker of KMT2A (MLL) gene rearrangement 
(see below) [49]. In acute myelomonocytic leu-
kemia, there are often two populations of blasts; 
myeloblasts and monocytic blasts. The myeloid 
blasts typically express CD34 and CD117, while 
these markers are often negative in the mono-
blasts and promonocytes (Fig. 7.25b). Acute 
monoblastic and monocytic leukemia is com-
posed almost exclusively of monocytic blasts 

(Fig. 7.26a). At the initial diagnosis, the CD34+ 
myeloblasts may be too low in numbers to char-
acterize further. But if present in a discernible 
population,  documentation of the immunophe-
notype is important: these CD34+ cells are more 
resistant to chemotherapy and can be detected in 
patients with minimal residual disease (MRD) 
post-induction chemotherapy (Fig. 7.26b). The 
monocytic blasts are negative for CD34 and are 
mostly negative for CD117 or only express 
CD117 in a small subset. Monocytic blasts share 
significant immunophenotypic overlapping with 
reactive or immature monocytes. They all 
express CD4, CD11b, CD11c, CD33, CD64, 
and CD36. While a significant decrease or loss 
of CD14 indicates immaturity, normal expres-
sion of CD14 does not guarantee maturity of 
monocytic cells. CD56 expression neither dif-
ferentiates immature from mature nor abnormal 
from normal monocytes. Several changes that 
are often observed in immature monocytes 
include markedly decreased CD13, decreased or 

a b

c d

Fig. 7.20 Acute monoblastic leukemia. (a, b) Normal bone 
marrow elements are extensively replaced by sheets of 
blasts with monoblastic (a) or mixed monoblastic and 

monocytic morphology (b). (c) The bone marrow aspirate 
shows numerous monoblasts and occasional promonocytes. 
(d) NSE cytochemical stain is positive in the monoblasts

7 Monocytosis



214

a b

c d

Fig. 7.21 Acute monocytic leukemia. (a) The bone 
marrow elements are replaced by immature cells with 
markedly irregular nuclear contours and high nuclear-to-
cytoplasmic ratio (promonocytes). (b) Promonocytes are 
typically negative for the blast markers CD34 and 
CD117, limiting the utility of immunohistochemistry. 

Immunophenotypic aberrancies may be useful on a case-
by-case basis: in this case, the neoplastic cells strongly 
overexpress CD56. (c) At presentation, the WBC was 
76 × 109/L with 80% immature monocytic cells, which 
were composed of promonocytes (d)

a b

Fig. 7.22 AML following chronic myelomonocytic leu-
kemia. (a) The bone marrow biopsy has high cellularity 
composed predominantly of immature monocytic cells 
with folded and angulated nuclei. (b) The bone marrow 

aspirate has an increased proportion of blasts, promono-
cytes, and immature monocytes (images courtesy of Dr. 
Elizabeth Courville, University of Minnesota)
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absent CD14, and increased CD15 expression 
(Fig. 7.26a). In acute monocytic leukemia pro-
gressed from CMML, there is almost always a 
small population of abnormal CD34+ myelo-
blasts. These cells are also present in the CMML 
disease phase and can frequently be detected 
after chemotherapy. One multiparameter flow 
cytometry study found higher percentages of 
blasts and monocytic cells in AML with mono-
cytic differentiation compared with the presence 
of more granulocytic cells in CMML [50].

 Cytogenetics and Molecular Genetics
Certain recurrent genetic abnormalities are 
associated with a monocytic phenotype in AML 
[51]. AML with inv(16)(p13.1q22);CBFB-
MYH11 corresponds to acute myelomonocytic 

Fig. 7.23 AML with “cuplike” morphology in the periph-
eral blood (arrows). Such cases are strongly associated 
with monocytic differentiation and single NPM1 or co-
occurring mutations of NPM1 and FLT3. This patient had 
concurrent NPM1 and FLT3 mutations (courtesy of Dr. 
Robert P Hasserjian, Massachusetts General Hospital)

a b

c d

Fig. 7.24 Cytochemistry in acute monocytic/monoblas-
tic leukemia. (a) NSE shows strong diffuse staining in the 
vast majority of the blasts in most cases. (b) However, 
absence of NSE staining of blasts does not exclude mono-

cytic derivation. (c) Monoblasts are usually negative with 
myeloperoxidase cytochemical stain. (d) Promonocytes 
and monocytes are typically weakly positive by myeloper-
oxidase cytochemistry
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leukemias with monocytic differentiation and 
an increased number of eosinophils with imma-
ture large  purple granules (Fig. 7.27). AML 
with t(9;11)(p21.3;q23.3);MLLT3-KMT2A, as 
well as AML with other variant KMT2A 
 rearrangements, usually presents as acute 
monoblastic or acute monocytic leukemia 
(Fig. 7.28). Translocation t(8;16)(p11.2;p13.3) 
may be seen in a subset of acute monocytic leu-
kemia or acute myelomonocytic leukemia and 

typically is associated with hemophagocytosis 
by the neoplastic cells.

More recently, molecular profiling of de novo 
AML patients also revealed close genotype–phe-
notype associations. There appears to be a sig-
nificant association between AML with 
monocytic differentiation and NPM1, DNMT3A, 
TET2, and KRAS mutations [52, 53]. NPM1 
mutation, in particular, appears very frequent in 
acute leukemia with monocytic differentiation 
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Fig. 7.25 Flow cytometry immunophenotype of AML 
with myelomonocytic differentiation. (a) There is a mark-
edly increased number of monocytic cells, which have 
bright CD45 and moderate side scatter (yellow). They 
demonstrate variable expressions of mature monocytic 
markers CD14 and CD300e, which correlated with partial 
positivity for MPO. Neoplastic cells show partial expres-
sion of CD15, absent CD16, and aberrant uniform expres-
sion of CD56. The granulocytes are highlighted in blue. 

Overexpression of NG2 correlates with presence of 
KMT2A (MLL) rearrangement. (b) These leukemias fre-
quently have several populations of blasts as illustrated 
here. Abnormal monocytic cells (yellow) have moderate 
side scatter and express bright CD45, CD14, and CD35. 
These cells show aberrant expression of CD56. A separate 
population of myeloid blasts (red) have dim CD45 and 
CD117 and aberrantly express CD7. These blasts are neg-
ative with monocytic markers or CD56
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Fig. 7.26a Flow cytometry immunophenotype of AML 
with monocytic differentiation. (a) In acute monoblastic leu-
kemia, the blasts are composed predominantly of mono-
blasts (upper left); on CD45/SSC, the monocytic cells are 
markedly increased 56.4%, granulocytes are markedly 
reduced to absent (upper right). The monocytes are negative 

for CD34 and CD117 (lower left) and uniformly positive 
for CD64 and CD14. While loss of CD14 indicates immatu-
rity, expressing CD14 does not guarantee maturity of mono-
cytes; the monocytes show markedly decreased HLA-DR 
and increased CD15 expression (lower right). Increased 
CD15 is often associated with immaturity of monocytes. 

and has been extensively studied. In one large 
study, ASXL1 mutations were significantly asso-
ciated with a monoblastic differentiation and 
DNMT3A mutations with a monocytic phenotype 
within the NPM1 mutated cohort of patients with 
AML [52]. AML with mutated NPM1 usually 
has a normal karyotype.

 Differential Diagnosis
The differential diagnosis from CMML has been 
discussed in the CMML section above. The other 
most important differential diagnosis with AML 
with monocytic differentiation is the microgranu-
lar variant of acute promyelocytic leukemia 
(APML) with PML-RARA. Morphologically, the 
blasts and promyelocytes of microgranular 
APML blasts have frequently bilobed or 
“butterfly- shaped” nuclei, compared to the more 

rounded and irregularly lobulated nuclei of true 
monoblasts and promonocytes (Fig. 7.17), or the 
“cup- shaped” blasts of AML with NPM1 and/or 
FLT3 mutations (Fig. 7.23). Frequent Auer rods 
tend to favor a diagnosis of APML, although 
myelomonocytic AML may also display Auer 
rods. Immunophenotype can be very helpful, as 
microgranular APML is negative for CD11b and 
CD11c and shows uniformly strong MPO expres-
sion by both cytochemistry and flow cytometry 
[54]. In ambiguous cases, a rapid assessment for 
PML-RARA rearrangement (by conventional 
karyotyping, FISH, RT-PCR, and/or immunoflu-
orescent staining of nuclear PML protein) should 
be performed prior to instituting induction che-
motherapy, since APML patients should be 
treated with all-trans retinoic acid (ATRA) prior 
to receiving any cytolytic chemotherapy.
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Fig. 7.26b The same case of acute monoblastic leukemia 
as shown in (a). At the time of diagnosis, the blasts were 
monoblastic; only 0.4% CD34+ myeloblasts were detected 
(upper left), showing increased CD45 with aberrant CD7 
expression (upper right). Status post-induction (middle 
panel), in this hypocellular bone marrow sample, most of 

the monoblasts were eradicated; however, the same aber-
rant CD34+ myeloblasts were detected at 3.8%. The lower 
panel shows AML relapse, the blasts were exclusively of 
CD34+ myeloblasts showing the same aberrant CD7 
expression (courtesy of Sa A Wang, MD Anderson Cancer 
Center)
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 Myeloproliferative Neoplasms 
and Myelodysplastic Syndromes 
with Monocytic Proliferation

Primary myelofibrosis (PMF) is a myeloprolif-
erative neoplasm characterized by megakaryo-
cytic proliferation and atypia, accompanied by 

increased age-adjusted cellularity, increased 
granulopoiesis, and fibrosis [14, 51]. Primary 
myelofibrosis has the most aggressive clinical 
course among the JAK2-associated myelopro-
liferative neoplasms and the highest progres-
sion to bone marrow failure and/or AML. Some 
of these patients have an intervening acceler-
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b

Fig. 7.27 AML with inv(16)(p13.1;q22). (a) The mor-
phology has features of acute myelomonocytic leukemia, 
with a variable increase in bone marrow eosinophils. (b) 
Conventional cytogenetics shows a rearrangement on 

chromosome 16 (arrow), which may occasionally be over-
looked. If morphologic features raise suspicion for AML 
with inv(16)(p13.1;q22), FISH analysis could be per-
formed for confirmation
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ated phase and/or myelodysplastic syndrome-
like progression, characterized by the presence 
of an increased number of blasts and often mul-
tilineage dysplasia including numerous micro-
megakaryocytes. A subset of these patients may 
also develop monocytosis, with CMML-like 
morphology developing during the course of 
disease [55]. Higher than expected prevalence 
of monocytosis has also been found in patients 
with polycythemia vera (PV); PV patients with 
monocytosis have a mutation profile and age 
distribution akin to those of patients with 
CMML [56]. Chronic myeloid leukemia 
patients frequently have absolute monocytosis 
at diagnosis and the presence of BCR-ABL1 
rearrangement excludes a diagnosis of 
CMML. While the presence of a more promi-
nent granulocytic proliferation with eosino-
philia and basophilia is an important clue to the 
diagnosis of CML rather than CMML, some 
CML patients may have a monocytosis that is 
more prominent than the granulocytic prolifera-
tion. This monocytic proliferation of CML is 
most commonly associated with the p190 iso-
form of the BCR-ABL1 rearrangement.

Patients with MDS may also develop per-
sistent absolute monocytosis after the initial 
diagnosis [57]. It is important to note that in 
cases of myeloproliferative neoplasms or 

MDS that develop a persistent monocytosis, 
the disease classification should not be 
changed to CMML, which requires that mono-
cytosis be present at the time of initial diagno-
sis. Rather, the original diagnosis category 
should be retained, but the monocytosis noted 
as a type of progression.

 Clinical Features
PMF patients typically have rapid disease pro-
gression and short survival following develop-
ment of monocytosis [55]. In addition, the 
presence of absolute monocytosis at the time of 
initial diagnosis has been found to be associated 
with inferior survival in younger patients with 
primary myelofibrosis and in patients presenting 
with PV [56, 58, 59]. CMML-like progression in 
MDS is also associated with short survival and 
more frequent progression to AML [57].

 Morphology
The clinical development of peripheral blood 
monocytosis  in PMF is frequently associated 
with a marked bone marrow myelomonocytic 
proliferation and a high number of bone marrow 
neutrophils and monocytes [55]. This prolifera-
tion can be associated with the presence of 
increased number of hypolobated megakaryo-
cytes (Fig. 7.29).

a b

Fig. 7.28 AML with t(9;11)(p22;q23); MLLT3-KMT2A. (a) The bone marrow biopsy shows sheets of large mono-
blasts. (b) The peripheral blood has numerous blasts with features of monoblasts
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 Immunophenotype
Flow cytometry is not very informative in cases 
of advanced primary myelofibrosis, since the 
marrow aspirate samples are aspicular and hemo-
dilute. With immunohistochemistry, the number 
of marrow monocytes is increased in a subset of 
the patients [55].

 Cytogenetics and Molecular Genetics
There is no cytogenetic evolution or change in 
JAK2 mutation status associated with the devel-
opment of monocytosis in PMF [55], nor is 
there a known genetic correlate of CMML-like 
 progression in MDS. PV patients with absolute 
monocytosis had significantly more frequent 

SRSF2 and TET2 mutations, compared to PV 
patients without monocytosis [56]. Interestingly, 
the p190 isoform of the BCR-ABL1 rearrange-
ment is associated with a predominantly mono-
cytic proliferation mimicking CMML [60]. 
Thus, it is critical to perform BCR-ABL1 testing 
that excludes a p190-type rearrangement in all 
cases of putative CMML. Such testing could be 
conventional bone marrow karyotype, FISH for 
BCR-ABL1 rearrangement, and/or qualitative 
BCR-ABL1 RT-PCR that assesses for p190 rear-
rangement. However, many quantitative BCR- 
ABL1 RT-PCR tests do not evaluate for the 
p190 isoforms, potentially leading to misdiag-
nosis of a CML with monocytosis as CMML if 

a b

c d

Fig. 7.29 Bone marrow biopsy in a patient with a 10-year 
history of marrow biopsy-confirmed primary myelofibro-
sis and persistent absolute monocytosis for 1 year. (a) The 
bone marrow biopsy shows evidence of osteosclerosis. 
Marrow cellularity is markedly increased. (b) A myelo-
monocytic proliferation with a high number of neutrophils 

and monocytes is noted. Megakaryocytes are predomi-
nantly small and hypolobated. (c) CD42b immunohisto-
chemistry highlights the atypically small and dysplastic 
appearing megakaryocytes. (d) NSE cytochemistry on 
bone marrow touch preps shows an increased number of 
monocytic cells
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PB Monocytosis >1 x 109/L

Likely reactive Secondary/reactive cause
identified or transient (<3 months)

BM morphology, cytogenetics, and
molecular genetics

Child with splenomegaly
and circulating immature

precursors

Consider JMML

CML

No

PDFDRA, PDGFRB,
FGFR1, or PCM-JAK2
rearrangement

History of MPN or
features of MPN

>20% BM/PB
blasts

<20% BM/PB blasts
Dysplasia or clonal
genetic abnormality

BCR-ABL1+

Genetically-defined
eosinophilic neoplasm CMML AML

MDS with
monocytosis

Yes

History of
MDS

MPN with
monocytosis

Fig. 7.30 Algorithm for suggested workup of peripheral 
blood monocytosis. CML chronic myeloid leukemia, BCR-
ABL1+, MDS myelodysplastic syndrome, MPN myeloprolif-

erative neoplasm, CMML chronic myelomonocytic leukemia, 
JMML juvenile myelomonocytic leukemia, AML acute 
myeloid leukemia, BM bone marrow, PB peripheral blood

this is the only up-front BCR-ABL1 assessment 
that is performed (Fig. 7.30).

 Differential Diagnosis
Monocytic progression of MDS and MPN must 
be distinguished from CMML; the latter is a dis-
ease characterized by monocytosis at the initial 
presentation, without a documented history of 
MDS or MPN. CML may present with monocy-
tosis at the initial presentation. These cases 
almost always have a concomitant leukocytosis 
and can be distinguished from CMML by con-
firming the presence of BCR-ABL1 rearrange-
ment, as discussed above.
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Thrombocytosis

Beenu Thakral and Sa A. Wang

 Overview

Platelets are anucleate cells released from mega-
karyocytes under the influence of flow in capil-
lary sinuses in the bone marrow. The normal 
blood platelet count in adults varies between 150 
to 450 × 109/L. Thrombocytosis, defined as plate-
let count ≥ 450 × 109/L, is a common laboratory 
finding that is often detected incidentally during 
routine complete blood count (CBC) examina-
tion [1, 2]. Extreme thrombocytosis (platelet 
count ≥ 1000 × 109/L) is quite rare, as only 
2–5.8% of patients with thrombocytosis have this 
degree of platelet count elevation [3, 4].

Secondary or reactive thrombocytosis is the 
most common cause in both adult and pediatric 
populations. A review of clinical history, prior 
platelet counts, and ultimate treatment of the 
underlying condition helps in the resolution of 
reactive thrombocytosis in the majority of the 
cases. If reactive causes of thrombocytosis are 
excluded, a bone marrow morphologic examina-
tion with ancillary testing (molecular genetic and 
cytogenetic analysis) helps in reaching a correct 
diagnosis of a clonal myeloid neoplasm causing 
primary thrombocytosis.

The various causes of thrombocytosis are 
illustrated in Table 8.1. In the majority of cases, 
the thrombocytosis is reactive and abates when 
the underlying condition is treated or resolves. 
Sometimes thrombocytosis can be due to pri-
mary BM causes. These primary thrombocyto-
ses include myeloproliferative neoplasms such 
as chronic myeloid leukemia (CML), polycythe-
mia vera (PV), primary myelofibrosis (PMF) or 
essential thrombocythemia (ET), myelodysplas-
tic syndrome (MDS) such as MDS with  del(5q) 
or inv(3)(q21q26.2)/t(3;3)(q21;q26.2) [1, 5], 
myelodysplastic/myeloproliferative neoplasm 
with ring sideroblasts and thrombocytosis 
(MDS/MPN-RS-T), or acute myeloid leukemia 
(AML). Thrombocytosis can also be familial.

Spurious thrombocytosis is rare and occurs 
when non-platelet structures in peripheral blood 
are counted as platelets by automated hematology 
analyzers. Examples of these include red cell 
microspherocytes or schistocytes (commonly seen 
in microangiopathic hemolytic anemia), cryoglob-
ulin crystals, bacteria or fragments of leukemic 
cells that can mimic platelets when evaluated by 
hematology analyzers [6–8]. Examination of the 
peripheral blood smear is a simple method to con-
firm the presence of thrombocytosis and exclude 
spurious causes and should be an initial part of the 
laboratory evaluation of thrombocytosis. This 
should be followed by a review of the patient’s his-
tory, particularly comorbid conditions, as well as 
other hematologic parameters and the platelet 
count history.
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The initial part of this chapter will focus on 
reactive thrombocytosis, followed by myeloid neo-
plasms that are most frequently associated with 
thrombocytosis, including ET and MDS/MPN-
RS-T. Primary myelofibrosis, polycythemia, and 
CML are also frequently associated with thrombo-
cytosis, but these entities will be  discussed under 
other chapters. An algorithmic approach to throm-
bocytosis is illustrated in Fig. 8.1.

 Secondary/Reactive 
Thrombocytosis

Secondary or reactive thrombocytosis is the most 
common etiology of thrombocytosis in both adult 
and pediatric populations, comprising 88–97% of 
thrombocytosis cases in adults [3, 4, 9] and nearly 
100% in the pediatric population [10]. In adults, 
secondary thrombocytosis is typically acute and 
reactive, being attributed to tissue damage, 
chronic inflammation, or malignancy in over 
75% of cases. In children, similar causes lead to 

reactive thrombocytosis, with the addition of 
hemolytic anemia (especially thalassemia) as a 
relatively common etiology [10].

Platelets are produced by megakaryocytes in 
the bone marrow (BM). Under normal physio-
logical conditions, about 2 × 1011 platelets are 
produced per day, which have a normal life span 
of 7–10 days. Thrombopoiesis occurs in the set-
ting of a complex cytokine milieu. The major 
regulator of platelet production is thrombopoi-
etin (TPO), which is synthesized in the liver and 
kidney. TPO binds to its receptor MPL on mega-
karyocytes, activating the signal transduction 
pathways that regulate megakaryocyte prolifer-
ation, maturation, and platelet production. 
Under normal physiological conditions, TPO is 
mostly bound to MPL, with very low detectable 
free serum levels. The BM megakaryocytes play 
an important role in regulating serum TPO lev-
els. Thrombopoietin levels are moderately ele-
vated in secondary thrombocytosis, but due to a 
significant overlap with values of ET patients, 
serum TPO level cannot be used as a reliable 

Table 8.1 Causes of thrombocytosisa

(1) Primary/clonal thrombocytosis

• Myeloproliferative neoplasms (chronic myeloid leukemia, essential thrombocythemia, polycythemia vera, and 
primary myelofibrosis)

• Myelodysplastic syndrome (for example: MDS with isolated del5q)

• Myelodysplastic/myeloproliferative neoplasms (for example: MDS/MPN-RS-T and CMML)

• POEMS syndrome

• Familial thrombocytosis: thrombopoietin overproduction, MPL mutations

(2) Secondary/reactive thrombocytosis

• Infection/inflammation

• Tissue damage: collagen vascular disease or inflammatory bowel disease

• Iron deficiency anemia

• Hemolysis or acute hemorrhage

• Hyposplenism/postsplenectomy

• Malignancy

• Postoperative

• Drugs (gemcitabine, corticosteroids, adrenaline, TPO, following myelosuppressive chemotherapy)

• “Rebound”—correction of vitamin B12 or folate deficiency, post-ethanol abuse

(3) Spurious thrombocytosis

• Cryoglobulinemia

• Microspherocytes

• Schistocytes

• Bacteria

• Cytoplasmic fragments of neoplastic cells
aModified from Harrison et al. [1]
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marker in distinguishing these two entities. 
Besides TPO, many other cytokines (IL-1, IL-4, 
IL-6, IL-11, and TNF) play an important role in 
the cause of thrombopoiesis, of which IL-6 
plays a particularly important role. Synthesis of 
these cytokines is increased with inflammation. 
Specifically, IL-6 levels are usually elevated in 
patients with reactive thrombocytosis but not in 
primary thrombocytosis or in normal controls 
[11, 12]. However, utilizing cytokine levels as a 
diagnostic tool has been practically difficult, as 
the levels may not be uniformly high throughout 
the period of thrombocytosis and may return to 
normal even in the presence of persistent throm-
bocytosis. Clinical correlation, along with use 
of other surrogate markers of acute inflamma-
tion such as C-reactive protein (CRP) and eryth-
rocyte sedimentation rate (ESR), which are 
usually elevated in reactive thrombocytosis but 
not in primary thrombocytosis, can be useful in 
distinguishing between the two entities. In a 
study by Tefferi et al., 76% of patients with 
reactive thrombocytosis had elevated CRP 
(>1 mg/dL) as compared to only 10% of patients 
with clonal thrombocytosis [13]. Thus, although 

elevated acute phase reactants (IL-6 or CRP) are 
neither sensitive nor specific for the use as diag-
nostic markers, in the appropriate clinical test-
ings, they can support a diagnosis of reactive 
thrombocytosis.

Iron deficiency anemia is another common 
cause of reactive thrombocytosis, and thus eval-
uation of serum ferritin and iron studies should 
be a part of initial evaluation of patients present-
ing with thrombocytosis. The pathophysiology 
of thrombocytosis in iron deficiency anemia, 
although not completely understood, does not 
appear to be due to elevated cytokines (IL-6, 
IL-11, and TPO). The levels of these cytokines 
are similar to iron-deficient patients without 
thrombocytosis, and there is no change observed 
upon iron repletion [14]. The only hematopoi-
etic cytokine found to be elevated in patients 
with iron deficiency anemia (with or without 
thrombocytosis) is erythropoietin (EPO). The 
association of elevated EPO levels and throm-
bocytosis is  also observed with administration 
of human recombinant erythropoietin (rh-EPO) 
in patients with chronic kidney disease. The lat-
ter can present with thrombocytosis of variable 

Thrombocytosis

Consider spurious
thrombocytosis 

Increased platelets
on PB smear review 

No

Secondary cause
identified 

Bone marrow morphology, and
molecular genetics  

Secondary/reactive
thrombocytosis 

CBC, clinical features,
morphology of MPN;
JAK2, MPL, CALR, or
CSF3R mutation  

CML

MPN

Yes

PDFDRA,
PDGFRB, FGFR1,
or PCM-JAK2
rearrangement 

Cytopenias
with del(5q)

or inv(3) 

Anemia with
>15% RS and
no ↑blasts  

Monocytosis
>1 x 109/L 

BCR-ABL1+

Genetically-defined
eosinophilic neoplasm 

CMMLa MDS/MPN-RS-Ta MDSa

Yes

No

Fig. 8.1 An algorithm for diagnosis and differential diag-
nosis of thrombocytosis. MDS: myelodysplastic syn-
dromes, MPN: myeloproliferative neoplasm, MDS/
MPN- U: myelodysplastic/myeloproliferative–neoplasm 

unclassifiable, RS: ring sideroblasts, MDS/MPN-RS-T: 
myelodysplastic/myeloproliferative neoplasm with ring 
sideroblasts and thrombocytosis, ET: essential thrombocy-
themia, PMF: primary myelofibrosis
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degree and duration. It has been suggested that 
the homology between the erythropoietin recep-
tor (EPO-R) and thrombopoietin receptor 
(MPL) contributes to the EPO- induced throm-
bocytosis phenomenon [15].

Approximately one-third of the platelets reside 
in the spleen, and relative thrombocytosis can be 
seen in up to 50% of patients with hyposplenism 
or postsplenectomy state [9]. Thrombocytosis is 
typically seen immediately postsplenectomy, and 
platelet count usually normalizes within months 
and only rarely after years.

Thrombocytosis can also be associated with 
malignancy as a paraneoplastic phenomenon and 
is observed in 40% of patients with lung and gas-
trointestinal cancers; 20% of patients with breast, 
endometrial, and ovarian cancers; and 10% of 
patients with lymphoma [16]. Patients with 
thrombocytosis are more likely to have advanced- 
stage disease and have a poorer prognosis than 
patients without thrombocytosis. In ovarian can-
cer, IL-6 has been shown to directly promote 
tumor growth. Paraneoplastic thrombocytosis 
typically does not require treatment other than 
the treatment for the underlying tumor.

 Clinical Features
Reactive thrombocytosis is typically acute in 
onset and non-persistent, and patients are usually 
asymptomatic, as opposed to a MPN that is usu-
ally associated with persistent thrombocytosis 
and can be associated with hepatosplenomegaly, 
vasomotor symptoms, and thrombotic or bleeding 
complications [9, 17]. Thromboembolic compli-
cations are rare in reactive thrombocytosis com-
pared to MPNs, unless provoked by underlying 
conditions such as malignancy or atherosclerosis.

Secondary thrombocytosis is usually a self- 
limited process that resolves with the resolution 
of the underlying disorder. The risk of thrombotic 
complications is low, even in patients with an 
extreme reactive thrombocytosis; it may occa-
sionally occur due to the concomitant conditions 
such as trauma and coronary artery bypass graft-
ing [18]. In one large series, thrombotic compli-
cations were seen in 1.6% of patients with 
secondary thrombocytosis [3]. The thrombotic 
events are venous thrombosis and are  more prone 
to occur in a postoperative setting or in associa-

tion with an underlying malignancy. In general, 
in reactive thrombocytosis, treatment of the 
underlying cause is most important, and usually 
no antiplatelet therapy is needed.

Patients with markedly elevated platelet 
counts (>1500 × 109/L), usually seen in the set-
ting of MPN such as ET, have an increased risk of 
bleeding. The bleeding is in part due to acquired 
von Willebrand disease (vWD) that the platelet- 
vWF binding leads to removal of vWF from the 
circulation.

 Morphology
The peripheral blood in secondary thrombocytosis 
shows increased platelets, comprising mainly of 
small granulated mature forms (Fig. 8.2). There is 
no dysgranulopoiesis and no basophilia. The 
peripheral blood smear in secondary thrombocyto-
sis may show features of microcytic, hypochromic 
anemia that suggest iron deficiency anemia or neu-
trophils with toxic granulation suggesting an infec-
tious or inflammatory etiology as the cause of 
thrombocytosis. Careful clinicopathologic correla-
tion often identify the cause of secondary thrombo-
cytosis, and a bone marrow biopsy is usually not 
required. However, if a BM evaluation is performed, 
the bone marrow biopsy often shows a normal cel-
lularity (Fig. 8.2). Megakaryocytes are often not 
increased and are morphologically unremarkable, 
contrasting to clonal thrombocytosis that often 
shows abnormal megakaryocytes. Reticulin and tri-
chrome special stains are usually normal in second-
ary thrombocytosis, with no significant fibrosis.

 Immunophenotype
Immunophenotyping studies on bone marrow 
samples are often not necessary, unless there is a 
need to rule out lymphoma or acute leukemia that 
may be the underlying causes of thrombocytosis.

 Cytogenetics and Molecular Genetics
Reactive thrombocytosis does not carry clonal 
cytogenetic abnormality in hematopoietic cells; 
however, transient cytogenetic abnormalities 
may be rarely detected in patients with acute 
bone marrow injury/insult.

JAK2V617F, MPL, and CALR mutations, 
present in about 85–90% of MPNs, are usually 
absent in reactive thrombocytosis. Finding a 
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mutation (in JAK2, MPLW515K/L, or CALR) or 
a cytogenetic abnormality (such as BCR-ABL1 
rearrangement or del(5q)) can be helpful in 
excluding a reactive thrombocytosis in difficult 
cases. However, a low level of JAK2V617F 
mutation (0.03–1%) can be seen in healthy indi-
viduals [19, 20], and the significance of these 
findings in the absence of bone marrow morpho-
logical features of an MPN has not yet been 
determined. A low level of JAK2V617F allele 
burden may indicate the presence of a small 
mutated clone within an overall polyclonal nor-
mal hematopoiesis. A cutoff of allele burden 
≥0.8% has been found significantly correlate 
with a concurrent or future diagnosis of MPN 

[21]. Sequential monitoring of the JAK2V617F 
mutation fraction is recommended in such cases.

 Differential Diagnosis
A detailed history is essential to determine the 
duration of thrombocytosis and if it is isolated or 
associated with leukocytosis and/or anemia. Any 
history of a previous thrombotic or bleeding epi-
sode or an underlying illness or medication that 
might account for thrombocytosis needs to be doc-
umented. Laboratory assessment of acute phase 
reactants such as CRP, ESR, and serum ferritin 
can be useful. The major differential diagnosis 
is ET which will be discussed later in this chap-
ter. Table 8.2 summarizes clinical and laboratory 

a b

Fig. 8.2 Reactive/secondary thrombocytosis. Peripheral 
blood smear shows normocytic, normochromic anemia 
with reactive thrombocytosis in a patient with corticoste-
roid secreting adrenal adenoma (a). Bone marrow biopsy 

shows normocellular bone marrow with trilineage hema-
topoiesis; Megakaryocytes are not significantly increased 
in numbers and morphologically unremarkable (b)

Table 8.2 Clinicopathologic features helpful in distinguishing essential thrombocythemia from sec-
ondary/reactive thrombocytosis

Parameters Essential thrombocythemia Secondary thrombocytosis

Platelet increase Persistent Transient

History of thrombotic/bleeding episode/
vasomotor symptoms

Present 1–2%

Hepatosplenomegaly Present Absent

History of infections/inflammatory stimuli 
or non-myeloid malignancy

Absent Present

Increased acute phase reactants (e.g., CRP) Absent Present

Megakaryocyte morphology in the bone 
marrow

Enlarged megakaryocytes including 
staghorn appearance and clustering 
present

Megakaryocytes with normal 
morphology can be increased 
and usually without clustering

Clonal molecular abnormality Usually present (JAK2V617F, 
MPLW515K/L, or CALR mutations)

Absent
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parameters that can be helpful in distinguishing 
between secondary and primary thrombocytosis.

 Essential Thrombocythemia (ET)

Essential thrombocythemia (ET) is a BCR-
ABL1-negative myeloproliferative neoplasm that 
primarily manifests abnormal morphology in the 
megakaryocytic lineage and is characterized by 
sustained thrombocytosis of ≥450 × 109/L [1, 2].

 Clinical Features
ET is a MPN with an incidence of 0.5–1.8 
cases per 100,000 persons per year [22, 23]. 
The disease has a slight female predominance 
with a median age of about 60 years and is seen 
more commonly in Ashkenazi Jews. Clinically, 
patients are usually asymptomatic or may 
exhibit symptoms such as headaches, blurred 
vision, dizziness, and erythromelalgia (redness, 
burning, pain of distal ends of toes and fingers) 
due to thrombotic occlusion of the microvas-
culature. Catastrophic large vessel thrombosis 
includes stroke, myocardial infarction, deep 
venous thrombosis (including splanchnic vein 
thrombosis), and peripheral arterial thrombosis. 
Bleeding is less common than thrombosis, and 
patients at risk for bleeding usually have plate-
let counts >1000 × 109/L due to an acquired 
vWF deficiency associated with decreased func-
tional activity of vWF as measured by collagen-
binding activity and ristocetin cofactor activity 
[24]. Hemorrhage can occur in mucocutaneous 
areas and most seriously in the gastrointestinal 
tract. Splenomegaly is not as prominent as that 
of the other MPNs, and it occurs in 15–20% of 
patients [25].

The prognosis of ET is favorable. The overall 
median survival from the time of initial diagnosis 
is approximately 20 years. Risk factors that pre-
dict a worse overall survival include age 
≥60 years, a history of previous thrombosis, and 
a platelet count ≥1500 × 109/L. Other factors 
may include a high serum LDH level and WBC 
>11 × 109/L [26]. The three most important com-
plications that can occur during the follow-up in 
ET patients include [27, 28]: [1] thrombovascular 

complications, with a 15-year cumulative risk of 
thrombosis ranging from 10 to 25%, higher in 
patients with JAK2 mutations than patients with 
CALR mutations; [2] progression to myelofibro-
sis occurring in about 5% of patients at 10 years 
and about 10% at 15 years, with a higher cumula-
tive risk in type 1 CALR-mutated ET than in 
JAK2-mutated ET; and [3] rare leukemic trans-
formation, occurring in about 1% of patients at 
10 years and in about 3% at 15 years. Some 
 studies suggest that JAK2V617F-mutated ET has 
a cumulative risk of transformation to a 
 polycythemia vera phenotype in up to 29% of 
patients at 15 years, but it is not clear how many 
of these patients may have had a masked PV that 
were mistakenly diagnosed as ET [28].

 Morphology
The peripheral blood smear in ET shows marked 
thrombocytosis with anisocytosis of platelets. 
Mean platelet volume (MPV) is generally lower 
than normal or reactive thrombocytosis, but mean 
platelet width is generally increased. There is 
usually no leukocytosis, no granulocytic left shift 
or dysplasia, and no absolute or relative baso-
philia [29–31]. Red blood cells are normocytic 
and normochromic, except in patients with sig-
nificant hemorrhage and iron deficiency, in which 
case the red blood cells may be hypochromic and 
microcytic. Finding teardrop forms and a leuko-
erythroblastic picture should raise the possibility 
of PMF or other bone marrow fibrotic processes 
rather than ET.

A bone marrow biopsy is essential to diag-
nose ET and to distinguish it from early/prefi-
brotic PMF, PV, other MPN, and other myeloid 
neoplasms associated with thrombocytosis as 
well as reactive thrombocytosis. The bone mar-
row of ET is generally normocellular with nor-
mal erythropoiesis and granulopoiesis. The 
notable changes are in megakaryocytes that are 
abnormal but show features different from PV, 
PMF, and CML. In ET, megakaryocytes are gen-
erally large, with hyperlobulated nuclei or “stag-
horn-shaped” nuclei, and have abundant 
cytoplasm, frequently containing other hemato-
poietic cells within the cytoplasm (emperipole-
sis). Megakaryocytes are scattered or focally 
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forming loose clusters. Bizarre nuclear forms 
with hypercondensed chromatin and tight clus-
tering are typical of PMF, whereas small mega-
karyocytes with hypolobated nuclei are typical 
of CML and these features are not consistent 
with ET. Granulocytic proliferation is usually 
absent or, if present, only minimal, and there is 
no left shift or increase in blasts [24]. Reticulin 
fibrosis may be minimally increased (up to MF 
grade 1 of 3), but significant fibrosis at initial 
diagnosis should suggest another entity. 
Stainable iron is usually present though may be 
reduced, unlike polycythemia vera that storage 
iron is usually absent. In addition, the presence 
of ring sideroblasts (≥15%) in a patient with 
anemia in addition to the thrombocytosis would 
suggest a diagnosis of MDS/MPN with ring sid-
eroblasts and thrombocytosis rather than ET.

 Immunophenotype
Immunophenotyping studies on bone marrow 
samples are not necessary to diagnose ET. CALR 
mutations (see below) result in the expression of 
a novel epitope that can be detected by immuno-
histochemistry in fixed tissues using a mutation-
specific monoclonal antibody (CAL2). CAL2 
shows strong cytoplasmic staining of megakaryo-
cytes as well as blasts, in both type 1 and type 2 
CALR-mutated MPNs. Thus, the presence or 
absence of CALR mutations can now be easily 
tested in routine biopsy material [32].

 Cytogenetics and Molecular Genetics
Cytogenetic abnormalities are rare in ET, in 
5–10% of cases, and their presence would sup-
port a diagnosis of a clonal hematopoiesis. The 
abnormalities most commonly seen in ET include 
+8, +9, and del(13q) [33]. Of note, these cytoge-
netic changes are notspecific for ET and do not 
distinguish ET from PV or early PMF.

Mutations of JAK2V617 are detected in 
50–60% of ET, followed by CALR in 25–30% of 
cases and MPL W515 L/K in 3–5% of cases [34–
38]. These three mutations are somatic, mutually 
exclusive and lead to constitutive aberrant activa-
tion of JAK/STAT pathways that stimulate mega-
karyocyte proliferation and platelet production. 
Mutation studies for JAK2V617F, CALR, and 

MPL M515L/K are particularly helpful in ruling 
out a reactive process, where they should be 
absent. In ET, the allele burden of the JAK2V617 
mutation is lower than that of PV, and its level 
does not appear to affect survival or leukemic 
transformation [36]. CALR mutations lead to an 
alteration of the C-terminal of the protein that 
results in loss of an endoplasmic reticulum reten-
tion motif and activates STAT signaling pathway. 
There are two types of mutations: a 52-bp dele-
tion in exon 9 (type 1 mutation) and a 5-bp inser-
tion (type 2 mutation), with type 1 mutations 
being more common than type 2 mutations. The 
mutation subtypes in CALR correlate with patient 
clinical phenotype and outcomes. In general, 
CALR-mutated ET affects relatively young indi-
viduals, especially males, and tends to have a 
higher platelet count (type 2 CALR more than 
type 1 CALR), lower hemoglobin (HGB), lower 
leukocyte count, and lower thrombotic risk as 
compared to JAK2V617F or MPL M515L/K 
mutated ET. Type 1 CALR mutations are associ-
ated with a significantly higher risk of myelofi-
brotic transformation in ET. Despite very high 
platelet counts, type 2 CALR mutations are asso-
ciated with a low risk of thrombosis and an indo-
lent clinical course. MPL mutations have been 
reported to be associated with an older age, a 
female gender, a lower HGB level, and a higher 
platelet count but no associations with survival or 
leukemic transformation [36, 39].

It is noteworthy that, in about 10% of ET cases, 
mutations in JAK2V617F, CALR, or MPLW515 
are not detected, and such cases are known as 
“triple-negative” cases [38, 40–42]. However, 
recent studies have shown that a few triple-nega-
tive ET patients may carry activating mutations of 
MPL outside exon 10 (MPLS204P and MPLY591N 
mutants), and functional studies have revealed 
that these are weak gain-of- function mutations 
that either increase MPL signaling or confer to a 
TPO hypersensitivity [40–42]. In addition, a few 
triple-negative cases of ET may include individu-
als with familial thrombocytosis, such as heredi-
tary thrombocytosis and familial ET.

Besides these driver mutations, mutations in 
epigenetic regulatory genes can also be found in 
ET. Mutations in SH2B3, SF3B1, U2AF1, TP53, 
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IDH2, and EZH2 have been reported to increase 
the risk of leukemic or fibrotic progression in ET 
[36]. While among all MPN patients, the pres-
ence of two or more somatic mutations represents 
a negative prognostic factor; the number of muta-
tions in ET does not appear to provide additional 
prognostic information [35, 36].

 Differential Diagnosis
The diagnoses of ET requires a sustained elevation 
in the platelet count (≥450 × 109/L); identifying 
BM morphologic findings consistent with the dis-
ease; excluding other MPN, MDS, or other 
myeloid neoplasms associated with elevated plate-
lets; and demonstrating JAK2, CALR, or MPL 
mutations or a cytogenetic abnormality. In the 
absence of these molecular and cytogenetic abnor-
malities, a diagnosis of ET can be made with care-
fully ruling out reactive thrombocytosis and other 
myeloid neoplasms associated with thrombocyto-
sis. Diagnostic criteria as per the WHO 2016 [1] 
are shown in Table 8.3.

The differential diagnoses include reactive 
conditions leading to elevated platelet counts, 
other MPNs with elevated platelet counts, and 
rarely AML, MDS, or MDS/MPNs associated 
with increased platelets.

Reactive/secondary thrombocytosis can be 
caused by infection, inflammatory diseases, 

blood loss and chronic iron deficiency, malig-
nancy, trauma and surgery (especially splenec-
tomy), and rebound following chemotherapy or 
replacement therapy for B12 or folate deficiency. 
Reactive conditions are more frequently associ-
ated with elevated acute phase reactants such as 
C-reactive protein. Reactive conditions should 
not be persistent or associated with splenomeg-
aly, and they are not likely associated with a his-
tory of thrombotic episodes. Please refer to the 
earlier part of this chapter on secondary thrombo-
cytosis for the discussion.

Hereditary thrombocytosis is caused by 
molecular alterations in the thrombopoietin gene 
(THPO) or in the gene for the thrombopoietin 
receptor (MPL). These mutations remove the 
inhibitory upstream open reading frame, lead-
ing to increased translation of the THPO mRNA 
and a high serum thrombopoietin. Mutation in 
MPLSer505Asn is reported to associate with 
increased thrombotic risk, splenomegaly, and 
progression to bone marrow fibrosis [43]. Recent 
reports have described cases of hereditary throm-
bocytosis associated with noncanonical germ line 
mutations of JAK2 with examples being JAK2- 
V625F and JAK2-F556V [40, 41]. In familial ET, 
JAK2V617F is always a somatically acquired 
event [38].

Patients with hereditary thrombocytosis pres-
ent at a much younger age than ET patients, and 
there is often a familiar history of thrombocyto-
sis. The bone marrow morphology may resemble 
ET or prefibrotic PMF. Depending on the age of 
the first BM examination, patients may show 
various degrees of BM fibrosis. Splenomegaly is 
more often seen in older patients.

Chronic myeloid leukemia (CML) can fre-
quently present with thrombocytosis, but the 
prominent feature of CML is a myeloid prolifera-
tion. Peripheral blood shows leukocytosis with 
frequent myelocytes and basophilia, which is 
usually quite distinctive and not a feature of in 
ET. In addition, small “dwarf” megakaryocytes 
in the bone marrow are also distinctly different 
from the larger staghorn-like megakaryocytes in 
ET. CML is a genetically defined entity, and the 
detection of t(9;22) or BCR-ABL1 will clarify 
any dilemma in this differential diagnosis. Some 

Table 8.3 Diagnostic criteria for essential 
thrombocythemia (WHO 2016) [2] (A diagnosis 
requires all four major criteria or the first three 
major criteria and one minor criterion)

Major criteria

• Platelet count ≥ 450 × 109/L

• Bone marrow: normocellular bone marrow with a 
megakaryocytic proliferation of enlarged, mature 
megakaryocytes with hyperlobulated nuclei. No 
significant increase in left-shifted neutrophilic 
granulopoiesis or erythropoiesis and no or rarely 
minimal increase in reticulin fibrosis (up to grade 1)

• Not meeting the WHO criteria for BCR-ABL1- 
positive CML, PV, PMF, MDS, or other myeloid 
neoplasms

• Presence of JAK2, CALR, or MPL mutation

Minor criteria

• Presence of a clonal marker or absence of evidence 
of reactive thrombocytosis
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patients with CML with markedly elevated plate-
lets may have the p230 BCR-ABL1 fusion tran-
script, and these cases may mimic ET.

MDS with isolated del(5q) can present with 
increased platelets, but patients almost always 
are anemic. The bone marrow megakaryocytes 
are small and hypolobated/monolobated, distinc-
tively different from the large hyperlobulated 
megakaryocytes seen in ET. There is often ery-
throid hypoplasia, with dyserythropoiesis, fea-
tures that are not typically seen in ET.

Acute myeloid leukemia (AML) can sometimes 
present with elevated platelets; this is particularly 
a feature of AML with inv(3)(q21;q26.2) or t(3;3)
(q21;q26.2) or in some megakaryoblastic leuke-
mias. In addition to the defining abnormal cytoge-
netic finding, these patients will have elevated blasts 
and usually show highly dysplastic megakaryo-
cytes, including the classic micro- megakaryocytes 
that make them easily distinguishable from ET.

Other MPNs and MDS/MPNs with throm-
bocytosis that must be considered in the dif-
ferential diagnosis include PV, PMF, MDS/
MPN-RS-T, MPN-unclassifiable, and MDS/
MPN- unclassifiable. These entities have clinico-
pathologic features different from ET that make 
the distinction possible. PV patients often have 

thrombocytosis at presentation; in cases of the 
so-called “masked” PV that HGB and hemato-
crit are only mildly elevated, the laboratory fea-
tures closely mimicking ET [44, 45]. Moreover, 
ET cases with JAK2 mutation often have higher 
HGB levels compared to ET cases with CALR 
or MPL mutations [28]. There are a number of 
features that help in the differential diagnosis 
between ET and PV: (1) PV has a high HGB/
hematocrit ratio; (2) PV bone marrow shows a 
hypercellularity with panmyelosis; (3) mega-
karyocytes in PV are pleomorphic, with some 
normal- appearing ones admixed with large 
forms, contrasting with the more uniformly 
enlarged megakaryocytes in ET; (4) PV fre-
quently has frequent biallelic JAK2 mutations; 
and (5) PV is negative for MPL515W or CALR 
mutations. MDS/MPN-RS-T patients present 
with macrocytic anemia in addition to thrombo-
cytosis, and BM reveals numerous ring sidero-
blasts and shows frequent SF3B1 mutations. The 
most difficult differential diagnosis is between 
ET and the prefibrotic phase of PMF; features 
distinguishing these two entities are shown in 
Table 8.4 and illustrated in Fig. 8.3. There has 
been some controversy as to whether ET and 
prefibrotic PMF can be reliably distinguished 

Table 8.4 Clinicopathological features of essential thrombocythemia (ET) versus prefibrotic pri-
mary myelofibrosis (PMF)

Features ET Prefibrotic PMF
Peripheral blood

 WBC Usually normal, left-shifted 
granulocytes not seen

Variable, often increased with left-shifted 
granulocytes

 Platelets Increased (≥450 × 109/L) Often ≥ 450 × 109/L, may be normal or decreased

 Anemia No May present

Bone marrow

 Cellularity Usually normal Increased

  Megakaryocyte 
clustering, size, 
maturation, and nuclear 
shape

Mostly large, giant, mature, 
hyperlobulated, staghorn 
forms. Dispersed or loose 
clusters

Variable in size from small to large, immature to 
mature with hyperchromatic forms, some bizarre 
and bulbous forms. Tight clusters, endosteal 
translocation may be seen

 M/E ratio Often normal, no significant 
increase in granulo- and 
erythropoiesis

Increased, pronounced myeloid hyperplasia

 Fibrosis No No or minimal to mild (MF0 and MF1)

Splenomegaly No No or minimal to mild enlarged

LDH Normal Normal or minimal to mildly elevated

ET essential thrombocythemia, PMF primary myelofibrosis
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from one another based on pathologic and clini-
cal features. However, recent data suggest that 
by rigorously applying WHO morphologic cri-
teria based on the bone marrow biopsy findings, 
these two entities can be reliably separated [29]. 
This distinction has prognostic relevance that 
prefibrotic PMF has a more aggressive course 
compared to ET [30].

 Myelodysplastic/Myeloproliferative 
Neoplasm with Ring Sideroblasts 
and Thrombocytosis (MDS/
MPN-RS-T)

Myelodysplastic/myeloproliferative neoplasm 
with ring sideroblasts and thrombocytosis 
(MDS/MPN-RS-T) was formerly referred to as 

a b

c d

e f

Fig. 8.3 Bone marrow of essential thrombocythemia 
(ET, a, c, e) versus pre-fibrotic primary myelofibrosis 
(PMF, b, d, f). The bone marrow of ET often shows an 
age-match cellularity (a); increased megakaryocytes with 
loose clustering, mostly large, mature, hyperlobulated, 
staghorn forms (c). No significant increase in reticulin 

fibrosis (e). Prefibrotic PMF BM shows a hypercellularity 
with increased bizarre appearing megakaryocytes, a few 
bulbous forms (b) and often hyperchromatic (more promi-
nent in fibrotic stage, d). In the prefibrotic PMF, this case 
shows minimal to mild reticulin fibrosis (f)
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refractory anemia with ring sideroblasts and 
marked thrombocytosis (RARS-T). It was a pro-
visional entity in the 2008 WHO classification of 
hematolymphoid neoplasms with overlapping 
features of myelodysplastic syndrome (MDS) 
and myeloproliferative neoplasm (MPN) (MDS/
MPN). This group of neoplasms  has been 
renamed as MDS/MPN-RS-T, based on recent 
clinical and molecular data and recognized as a 
formal subtype of MDS/MPN in the WHO 2016 
revision [1, 2].

The question, if MDS/MPN-RS-T represents a 
distinct diagnostic category, a disease that evolved 
from MDS or MPN, or two distinct disorders 
occurring simultaneously, had been in debate in 
the past 10–15 years. Since JAK2V617F is closely  
correlated with MPN, the identification of 
JAK2V617F in approximately 50% of cases of 
MDS/MPN-RS-T suggests that this disease may 
be more close to MPN [46–50]. Until recently, 
studies of the mutational landscape show a high 
frequency of SF3B1 mutation in MDS with RS 
and single-lineage dysplasia (about 80%) as well 
as MDS with RS with multilineage dysplasia 
(about 40%) [51–54]. An even higher frequency 
(80–90%) of SF3B1 mutation has been found in 
MDS/MPN-RS-T. Furthermore, somatic muta-
tions in epigenetic regulators characteristic of 
MDS [54, 55] such as TET2, ASXL1, DNMT3A, 
and IDH2 are frequently found in MDS/MPN- 
RS- T, whereas other MPN-like mutations such as 
CALR and MPL are infrequent [56, 57]. The 
hybrid molecular findings as well as overlapping 
clinicopathologic features support the inclusion 

of MDS/MPN-RS-T as a formal distinct subtype 
of MDS/MPNs. Thus, the nomenclature has been 
changed to MDS/MPN with ring sideroblasts and 
thrombocytosis (MDS/MPN-RS-T) in the 2016 
WHO classification revision. The diagnosis of 
MDS/MPN-RS-T requires anemia with persistent 
thrombocytosis (platelet count ≥ 450 × 109/L), 
<1% blasts in the peripheral blood; dysplastic, 
ineffective erythropoiesis with ≥15% RS; and 
<5% myeloblasts in the bone marrow [1]. The 
current 2016 WHO criteria for diagnosing MDS/
MPN-RS-T are shown in Table 8.5.

 Clinical Features
MDS/MPN-RS-T is a rare entity with a slight 
female propensity, and the median age of presenta-
tion is 71–75 years, which is older than patients 
with ET [58, 59]. Symptoms are usually related to 
anemia that can be severe but can also be due to 
excessive thrombocytosis, with bleeding or throm-
bosis. Splenomegaly has been reported in about 
40% of cases, and hepatomegaly can also occur 
[60]. The frequency of thrombotic events in MDS/
MPN-RS-T is similar to that of ET (3.6 vs. 3.9/100 
patient-years) [61, 53]. Older age (≥60 years) and a 
prior history of thrombosis are risk factors for 
thrombosis. However, unlike ET, the thrombotic 
events do not seem to have impact on overall sur-
vival [61]. MDS/MPN- RS- T is a relatively indolent 
disease with a median survival of 71 months [62].

Currently, there is no standard care for MDS/
MPN-RS-T patients. Treatment includes manage-
ment of anemia as well as thrombocytosis. 
Anemia management follows the same principle 

Table 8.5 Features of myelodysplastic/myeloproliferative neoplasm with ring sideroblasts and 
thrombocytosis (MDS/MPN-RS-T) (WHO 2016) [2]

Diagnostic features of MDS/MPN-RS-T
• Anemia, often macrocytic, with <1% blasts in peripheral blood

• Persistent thrombocytosis with platelet count ≥ 450 × 109/L

• Bone marrow: erythroid lineage dysplasia with or without multilineage dysplasia, ≥15% ring sideroblastsa, 
<5% blasts in bone marrow

• No BCR-ABL1 fusion gene; no rearrangement of PDGFRA, PDGFRB, FGFR1, or PCM1-JAK2; and no isolated 
del(5q), t(3;3)(q21.3;q26.2), or inv(3)(q21.3q26.2)

• No preceding history of MPN, MDS (except for MDS-RS), or other types of MDS/MPN

• Presence of SF3B1 mutation or, in the absence of SF3B1 mutation, no history of recent cytotoxic or growth 
factor therapy that could explain the myelodysplastic/myeloproliferative features

aRequires ≥15% ring sideroblasts of the marrow erythroid precursors even in the presence of  SF3B1 mutation
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of treatment of anemia in lower-risk forms of 
MDS, including MDS with RS [58], whereas, 
management of thrombocytosis generally follows 
the algorithms used for patients with ET [58, 63].

 Morphology
A review of peripheral blood smears shows 
increased platelets with some anisocytosis 
including large and giant forms. The anemia is 
often macrocytic, and red cells often show a 
dimorphic picture with small and large forms 
(Fig. 8.4). Neutrophils usually lack of dysplastic 
features, and circulating blasts are absent (<1%).

Bone marrow examination (Fig. 8.5) shows 
increased erythroid precursors with or without 
significant dyserythropoiesis. Dyserythropoiesis, 
like MDS, can show asynchronous nuclear/cyto-
plasmic maturation, megaloblastoid features, 
binucleated erythroblasts, karyorrhexis, and 
nuclear budding. Iron stain shows RS that, by 
definition, must comprise ≥15% of erythroids, 
with a median value of 30–50%. The presence 
of ≥15% RS is required even if SF3B1 muta-
tion is detected, unlike MDS with RS in which if 
a SF3B1 mutation is detected, 5% RS should be 
sufficient. The granulocytic lineage is often unre-
markable or shows only mild dyspoietic features. 
Bone marrow blasts are <5%. The bone marrow 
biopsy is usually hypercellular, with decreased 

myeloid/erythroid ratio due to ineffective hemato-
poiesis. Megakaryocyte proliferation is invariably 
present in all cases, frequently with focal cluster-
ing. Initially, the proliferation of megakaryocytes 
was described similar to ET megakaryocytes. 
However, recent published studies show that the 
megakaryocytes in MDS/MPN-RS-T are more 
 heterogeneous than what have been recognized 
previously [46, 57, 64, 65]. Megakaryocytes are 
often composed of predominantly large hyper-
segmented forms, but they typically show a sig-
nificant degree of size variation, including some 
smaller hypolobated megakaryocytes. While 
megakaryocytes often resemble ET megakaryo-
cytes, in some cases, they are akin to those in 
polycythemia vera or primary myelofibrosis. In 
a subset of cases, small hypolobated megakaryo-
cytes may be prominent, similar to those seen in 
MDS. In some other cases, megakaryocytes show 
mixed features that can be difficult to characterize 
either as MPN-like or MDS-like. At initial diag-
nosis, various grades of reticulin fibrosis (ranging 
from MF1 to MF3) can be seen in some patients.

 Immunophenotype
Immunophenotyping studies on bone marrow 
samples are not necessary for a diagnosis of 
MDS/MPN-RS-T.

 Cytogenetics and Molecular Genetics
Overall, cytogenetic abnormalities are reported 
in 10–30% of cases [46, 64]. Among these, tri-
somy 8 appears to be the most common. However, 
there are no cytogenetic abnormalities that are 
specific for this entity. As recommended by the 
WHO classification, cases with isolated del(5q), 
t(3;3)(q21;q26.2), and inv(3)(q21q26.2) are 
excluded from MDS/MPN-RS-T.

JAK2V617F is a recurrent mutation in MDS/
MPN-RS-T [46–50, 66] and is found in about 50% 
of cases. JAK2V617F has been reported to be asso-
ciated with higher red cell, white cell, and platelet 
counts [47]. Homozygous mutation of JAK2V617F 
is common, and occasionally, mutation can occur 
in exon 12 of JAK2 [67, 68]. JAK2V617F had been 
suggested to associate with a better prognosis in 
some studies, but it does not appear to be statisti-
cally significant in the multivariable analysis [69]. 
MPL W515L/K mutation has been identified in a 

Fig. 8.4 Peripheral blood smears of a case of myelodys-
plastic/myeloproliferative neoplasm with ring sidero-
blasts and marked thrombocytosis (MDS/MPN-RS-T) 
shows moderate anisocytosis of red blood cells with 
dimorphic morphology. Neutrophils are morphologically 
unremarkable. Platelets are increased showing anisocyto-
sis including some large platelets
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Fig. 8.5 Bone marrow morphologic features of myelo-
dysplastic/myeloproliferative neoplasm with ring sidero-
blasts and marked thrombocytosis (MDS/MPN-RS-T) 
include a hypercellularity, erythroid hyperplasia, and pro-
liferation of megakaryocytes. Megakaryocytes are often 
markedly increased in numbers, large, hypersegmented, 
and pleomorphic (a). In some cases, megakaryocytes are 
more variable in size, including a mixture of small, nor-
mal and large forms (b), In some MDS/MPN-RS-T, bone 

marrow may show significant myelofibrosis, and mega-
karyocytes can be hyperchromatic with bizarre nuclear 
segmentation/lobation, resembling megakaryocytes seen 
in primary myelofibrosis (c); a slight increase in reticulin 
fibrosis is very common (d). Bone marrow aspirate smears 
often show platelet clumps and mild megaloblastoid 
changes with mild dyserythropoiesis (e). Every case 
shows increased ring sideroblasts by Perl’s iron stain (f)
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low proportion of MDS/MPN- RS- T patients, up to 
10% [55, 56, 68]. MPL mutation can coexist with 
JAK2V617F in some cases [68]. CALR mutations 
are extremely rare (0–5%) [55, 56, 70].

The frequency of SF3B1 mutations in patients 
with MDS/MPN-RS-T patients is 85–90% [54, 
55]. Mutations in other spliceosome genes, 
including SRSF2, U2AF1, and ZRSR2, are also 
detected in some MDS/MPN-RS-T cases. 
Approximately 50% of patients harbor both 
JAK2V617F and SF3B1 mutations. Most of the 
SF3B1 wild-type patients have JAK2V617F and 
ASXL1 mutations. The co-occurrence of SF3B1 
and JAK2V617F mutations has been reported to 
associate with a better prognosis [71].

Mutations are also identified in epigenetic 
regulators including TET2, ASXL1, DNMT3A, 
EZH2, and IDH2 and transcription factors ETV6 
and RUNX1 [55]. SETBP1 or ASXL1 mutations 
are associated with a poorer prognosis.

 Differential Diagnosis
In a patient with macrocytic anemia, thrombocy-
tosis, and ring sideroblasts in the bone marrow, 
the differential diagnoses may include several 
conditions:

Benign/reactive causes of ring sideroblasts 
include alcohol ingestion, toxin exposure (e.g., 
benzene), drugs [72–74], mineral imbalance 
(e.g., copper deficiency or zinc excess), vitamin 
B12 deficiency [75], pregnancy [76], congenital 
disorders [77, 78], and in the clinical setting of 
cancer treatment with certain investigational 
drugs [79]. If there has been any recent cytotoxic 
or growth factor therapy, clinical and laboratory 
follow-up is essential to confirm that the PB and 
BM changes are not due to treatment. Cases of 
RS caused by drugs, toxins, and nutritional defi-
ciency should be reversible once the underlying 
cause is addressed. Morphologically, these 
acquired reversible sideroblastic anemias often 
show erythroid hyperplasia with dyserythropoie-
sis in the bone marrow, but megakaryocytes are 
usually morphologically unremarkable with a 
normal topographic distribution.

Hereditary sideroblastic anemias include 
X-linked sideroblastic anemia (XLSA) second-
ary to mutations in delta-aminolevulinate 

 synthase 2 gene (ALAS2) [77] or ATP-binding 
cassette subfamily B member 7 (ABCB7) [78]. 
The latter is often associated with nonprogres-
sive spinocerebellar ataxia. Sideroblastic anemia 
is also seen as part of other syndromes as a result 
of mitochondrial cytopathy or other disturbances 
in cellular metabolism. One example is Pearson 
syndrome, which is characterized by sideroblas-
tic anemia, neutropenia, and exocrine pancreatic 
dysfunction. Patients with thiamine-responsive 
megaloblastic anemia syndrome, a major defect 
in one of the thiamine transports, often present 
with megaloblastic anemia, diabetes mellitus, 
and deafness and respond to thiamine treatment. 
Congenital sideroblastic anemia often presents 
at an early age, is associated with other anoma-
lies, and affects boys in XLSA. Of note, MDS 
with RS is exceedingly rare in children [80–86], 
and thus the finding of RS in children always 
should prompt for investigation of congenital/
hereditary sideroblastic anemia. Similarly, MDS/
MPN- RS- T is not a disease of childhood.

Myeloproliferative neoplasms (MPN) can 
develop anemia associated with secondary RS, 
either as a part of dyserythropoiesis or as a revers-
ible finding secondary to treatment [87]. MDS/
MPN-RS-T is a diagnosis of exclusion, and its 
diagnosis is most challenging in cases without 
a well-documented history and/or with the pres-
ence of significant myelofibrosis that makes 
morphologic assessment difficult. An SF3B1 
mutation with or without JAK2V617F mutation 
would favor a diagnosis of MDS/MPN-RS-T, 
whereas lack of SF3B1 but positive MPL or CALR 
would argue against a diagnosis of MDS/MPN- 
RS- T. Nevertheless, in patients in whom an under-
lying or antecedent MPN cannot be identified or 
documented and who exhibit thrombocytosis, 
anemia, and RS at the initial presentation, a diag-
nosis of MDS/MPN-RS-T would be  appropriate.

Other myelodysplastic/myeloproliferative 
neoplasms (MDS/MPN) are in the differential 
diagnosis with MDS/MPN-RS-T. If patients have 
persistent monocytosis or marked leukocytosis 
with left-shifted maturation and dysgranulopoie-
sis, the cases may be more appropriately classi-
fied as chronic myelomonocytic leukemia 
(CMML) or atypical chronic myeloid leukemia 
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(aCML), respectively. Of note, marked thrombo-
cytosis is rare in these entities, although RS can 
occur in some CMML cases. By definition, if 
there are circulating blasts and/or ≥5% bone 
marrow blasts, the case is no longer considered 
MDS/MPN-RS-T and should be designated oth-
erwise, such as MDS/MPN, unclassifiable.

Myelodysplastic syndromes (MDS) are also in 
the differential diagnosis. Approximately 5% of 
patients with isolated del(5q) harbor JAK2V617F 
mutation, and these patients often present with 
thrombocytosis [88, 89]. Of note, RS are infre-
quent in these cases. Although it is debatable 
whether MDS with isolated del(5q) and 
JAK2V617F mutation should be considered as a 
form of MDS/MPN, such cases are currently 
classified under MDS with isolated del(5q) due 
to their clinical features and response to lenalido-
mide [90]: the recommendation is to classify 
them as MDS with isolated del(5q) and to note 
the presence of JAK2V617F in the diagnosis. 
Some MDS cases with inv(3)(q21q26.2) may 
present with RS and thrombocytosis [91], and in 
such patients, the disease often has an aggressive 
clinical course even in the absence of increased 
blasts [92].

In addition, some cases of MDS may have 
borderline thrombocytosis at presentation, but 
the platelet counts may fluctuate or are only 
transiently increased. Also, RS may not be per-
sistently detected. In the absence of pertinent 
clinical and laboratory data, these factors may 
lead to misdiagnosing a case of MDS as MDS/
MPN-RS-T. Testing for JAK2V617F and SF3B1 
mutations will aid in the differential diagnosis 
of such cases.
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Erythrocytosis

Olga Pozdnyakova

 Overview

Erythrocytosis (or polycythemia) is defined by 
an increased number of red blood cells (RBC) 
per unit volume of blood, an alteration that is 
reflected by increases in the hemoglobin (HGB) 
concentration and hematocrit (HCT). Because 
these RBC parameters are affected by plasma 
volume and the total RBC mass (RCM), erythro-
cytosis can be absolute (increased RCM, 
increased HGB and HCT, normal or increased 
plasma volume) or relative (normal RCM, 
increased HGB and HCT, decreased plasma vol-
ume) [1]. The most direct way to determine 
whether erythrocytosis is absolute or relative is 
to measure the RCM, which should exceed 125% 
of that predicted for sex and body mass [2]. 
However, RCM is rarely measured in practice 
for a variety of reasons, including the need to use 
radioisotopes and relatively low sensitivity and 
specificity. As a result most physicians utilize 
HGB and HCT as surrogates for RCM and make 
a provisional diagnosis of erythrocytosis when 
HGB and HCT levels exceed the upper limit of 
normal for age and gender (Table 9.1).

RBC production is a complex and multistep 
process that is primarily regulated by erythro-

poietin (Epo), a growth factor produced in spe-
cialized interstitial cells of the kidney that is 
essential for the growth and survival of ery-
throid progenitors [3]. The major physiologic 
regulator of Epo production is renal hypoxia, 
which in most instances results from reduced 
RCM (anemia) or hypoxemia (a decrease in 
RBC oxygenation), both of which diminish the 
oxygen carrying capacity of the blood. EPO 
gene expression is controlled by a family of 
transcription factors known as hypoxia-induc-
ible factors (HIF) that play an essential role in 
cellular adaptation to reduced levels of oxygen 
[4, 5]. Once released from the kidney, Epo cir-
culates to hematopoietic marrow where it binds 
and activates its receptor, EPOR, a tyrosine 
kinase normally expressed on erythropoietic 
progenitor cells. EPOR in turn phosphorylates 
and activates Janus kinase 2 (JAK2), a key reg-
ulator of signal transducer and activator of tran-
scription 5 (STAT5) in erythroid progenitors, as 
well as phosphatidylinositol 3 (PI3) kinase. 
Signals transduced via JAK2/STAT5 and PI3 
kinase lead to changes in gene expression that 
promote effective erythropoiesis by increasing 
proliferation and reducing apoptosis of red cell 
progenitors [6, 7].

There are many ways to approach an investi-
gation into causes of excessive erythropoiesis 
leading to erythrocytosis. We will follow a practi-
cal approach that divides erythrocytosis into 
 primary and secondary disorders. Primary eryth-
rocytosis is associated with an intrinsic genetic 
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Table 9.1 Normal hemoglobin (HGB) and hematocrit (HCT) values in children and adults [55]

Age

Males Females

HGB, g/dL 
(mean ± SD)

HCT, % 
(mean ± SD)

HGB, g/dL 
(mean ± SD)

HCT, % 
(mean ± SD)

1–2 years 12 ± 0.8 36 ± 2 11.8 ± 0.9 36 ± 2

3–5 years 12.4 ± 0.8 37 ± 2 12.1 ± 0.8 37 ± 2

6–8 years 12.8 ± 0.8 38 ± 2 12.4 ± 0.8 38 ± 2

9–11 years 13.3 ± 0.8 39 ± 2 12.7 ± 0.8 39 ± 2

12–14 years 14.1 ± 1.0 42 ± 3 12.5 ± 0.9 40 ± 3

15–70 years 15.8 ± 0.8 46 ± 3 13.8 ± 0.9 40 ± 2

SD Standard deviation

Table 9.2 Causes of primary and secondary erythrocytosis
Congenital Acquired

Primary EPOR mutation Polycythemia vera

LNK mutation

Secondary Increased HGB oxygen affinity Physiologic increased erythropoietin production due to hypoxia

 • Structural mutations of globin  • Chronic lung disease

 • Methemoglobinemia  • Right-to-left cardiac shunt

 • Defects in of red cell 2,3-DPG  • Sleep apnea

Oxygen-sensing pathway defects  • Massive obesity

 • VHL gene mutations  • High altitude

 • PHD2 mutations  • Chronic CO poisoning

 • HIF2A mutations  • Smoking

Erythropoietin-secreting tumors

 • Renal cell carcinoma

 • Pheochromocytoma

 • Cerebellar hemangioblastoma

 • Hepatocellular carcinoma

 • Meningioma

 • Parathyroid tumors

 • Uterine leiomyoma

Renal lesions

Post-renal transplant

Exogenous

 • Epo administration

 • Androgen administration

DPG diphosphoglycerate, Epo erythropoietin, CO carbon monoxide

defect, while secondary erythrocytosis occurs as 
a response to physiologic or pathophysiologic 
increase in Epo production due to various condi-
tions and diseases. Although the causes of sec-
ondary erythrocytosis are much more numerous 
than the causes of primary erythrocytosis, the 
discovery of JAK2 V617F mutation associated 
with polycythemia vera, the most common pri-
mary erythrocytosis, has greatly simplified our 
approach to evaluation of both groups.

 Secondary Erythrocytosis

Secondary erythrocytosis results from an increase in 
RBC production due to elevated serum Epo levels, 
which is most often caused by tissue hypoxia and 
rarely by inherited defects in the renal oxygen-sens-
ing pathway. Table 9.2 lists the numerous causes of 
secondary erythrocytosis, which include congenital 
(genetic defects in HGB leading to increased oxygen 
affinity or defects in HIF pathway) and acquired 
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causes. Acquired causes can be further subdivided 
into conditions associated with either physiologic 
(hypoxia) or pathologic (tumor-associated or exog-
enous) increases in Epo production.

 Increased HGB Oxygen Affinity States

Oxygen in blood is transported by HGB, a tet-
ramer consisting of four heme moieties and four 
globin chains, two alpha-globins and two beta-
globins. The binding and the release of oxygen 
by HGB can be expressed as a sigmoid- shaped 
oxygen association/dissociation curve. The sig-
moid shape of the curve is explained by coop-
erativity: in the tense (deoxygenated) state, HGB 
has a lower affinity for oxygen than in the relaxed 
(oxygenated) state. Partial saturation of heme 
by oxygen increases the oxygen affinity of the 
remaining hemes, and at some point during the 
sequential addition of oxygen to the four hemes, a 
transition from the tense to the relaxed state occurs 
[1]. HGB oxygen affinity is expressed as P50, the 
partial pressure of oxygen at which 50% HGB is 
saturated, and measures 27 mmHg at 37 °C and 
pH 7.4. HGB oxygen affinity is affected by blood 
pH, levels of 2,3-biphosphoglycerate (2,3-BPG), 
HGB structure, and temperature. A shift of the 
curve to the right indicates that a higher partial 
pressure of oxygen is required to saturate HGB, 
while a shift of the curve to the left indicates that 
a lower partial pressure of oxygen is required to 
saturate HGB. High oxygen affinity hemoglobin-
opathies and decreased levels of 2,3-BPG shift 
the curve to the left, indicating a decreased abil-
ity of HGB to release oxygen during flow through 
the microcirculation, leading to cellular hypoxia. 
Specialized interstitial cells in the inner cortex and 
outer medulla of the kidney appropriately respond 
to hypoxia by increasing Epo production and 
secondary RBC expansion. 2,3-BPG is a potent 
modulator of the affinity of the HGB for oxygen; 
indeed, increased RBC  2,3- BPG is an important 
normal  adaptation to chronic hypoxia. It is synthe-
sized in the RBC via a reaction that is catalyzed by 
the enzyme biphosphoglycerate mutase (BPGM).

Another condition leading to cellular hypoxia 
due to increased oxygen affinity of HGB is congen-
ital methemoglobinemia. Heme iron in metHGB is 

in the ferric (Fe3+) form, which is unable to bind 
oxygen; in addition, partial oxidation of heme iron 
diminishes the oxygen affinity of any heme moi-
eties in the HGB tetramer that remain in the fer-
rous (Fe2+) state [8]. Under physiologic conditions, 
heme iron in the Fe3+ state is reduced by enzymes 
such as cytochrome b5 reductase, and as a result, 
methemoglobin accounts for only 1% of the total 
HGB [9]. Congenital deficiency of cytochrome b5 
reductase or cytochrome b5 or, less commonly, the 
presence of the HGB M variant, leads to increase 
in metHGB levels, cellular hypoxia, cyanosis, 
and secondary erythrocytosis. Patients with high-
affinity HGB conditions typically present with iso-
lated erythrocytosis and a benign clinical course. 
The absence of leukocytosis, thrombocytosis, or 
splenomegaly helps distinguish them from poly-
cythemia vera (see below). Increased affinity HGB 
conditions are associated with decreased partial 
pressure of O2 at which 50% of HGB is saturated, 
which can be directly measured using a cooximeter, 
a preferred method, or calculated with the follow-
ing formula: log PO2 (7.4) = log PO2 (observed) 
− [0.5 (7.4 − pH (observed))] [21]. Conditions of 
high-affinity HGB can be distinguished from each 
other by measuring serum Epo levels, 2,3-BPG 
activity, oxygen saturation, and the presence of 
structurally abnormal hemoglobins, among oth-
ers. Table 9.3 summarizes the distinguishing fea-
tures of congenital erythrocytosis associated with 
decreased P50 and increased oxygen affinity HGB 
states. Numerous point substitution mutations 
affecting alpha- and beta-globin genes have been 
described that lead to hemoglobins with increased 
oxygen affinity. These mutations impair the dis-
sociation of oxygen through various mechanisms 
and include mutations that affect alpha-beta-globin 
interactions, the binding of 2,3-BPG, and the heme 
oxygen-binding pocket. HGB Chesapeake (HbA 
R92L) was the first high-affinity hemoglobinopa-
thy to be described. The mutant alpha chain makes 
up to 20–25% of the total HGB [24]. Since then 
over 100 additional high-affinity HGB variants 
have been identified; the complete list of mutations 
can be found on the Globin Gene Server [25, 26]. 
Mutations in BPGM gene, an extremely rare con-
genital condition, are associated with decreased 
levels of 2,3-BPG, a right shift in the HGB disso-
ciation curve, and chronic tissue hypoxia [27].
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 Hypoxia-Inducible Factor (HIF) 
Pathway Defects

The HIF pathway is present in almost every cell 
of the body, regulating a cascade of downstream 
genes that allow adaptation to reduced levels 
of oxygen. HIFs are composed of two subunits 
and, while the HIFβ subunits are constitutively 
expressed, the HIFα subunits are activated only 
in response to hypoxia, promoting EPO gene 
expression by binding to a hypoxia-responsive 
element (HRE) on the EPO gene [10]. When 
tissues are adequately oxygenated, the HIFα 
subunits undergo proteasomal degradation due 
to the presence of an intracellular oxygen sen-
sor that involves prolyl hydroxylase domain 
 (PHD)-containing enzymes and the von Hippel-
Lindau (VHL) tumor suppressor complex. 
Mutations that disable the HIF pathway result 
in stabilization of HIF-2α even when tissue oxy-
genation is adequate, producing increased EPO 
transcription and secondary erythrocytosis [11].

Patients with Chuvash erythrocytosis present 
with a variety of hematological and vascular 
abnormalities due to complications associated 
with erythrocytosis but no tumors. Some patients 
with HIF pathway genetic defects develop vari-
ous tumors, such as paraganglioma, pheochro-
mocytoma, and somatostatinoma [10].

Mutations that disable the HIF pathway 
include mutations in genes encoding VHL, 
PHD2, and HIF-2α [11]. The first congenital 
erythrocytosis associated with the oxygen-sens-
ing pathway dysregulation was described in 81 
families living in the Chuvash region in Russia 

[28]. Chuvash polycythemia develops due to the 
presence of a VHL gene mutation that produces a 
R200W substitution in the VHL protein. This in 
turn reduces the affinity of VHL for the hydroxyl-
ated HIFα subunits, allowing HIF to accumulate 
and drive increased expression of EPO . Recently 
it has been shown that, in addition to influencing 
Epo production, the VHL arg200trp mutation 
prevents EPOR degradation by reducing its affin-
ity for suppressor of cytokine signaling leading to 
constitutive activation of Epo signaling pathway 
[10]. There is a growing list of other homozygous 
mutations causing HIF pathway defects, includ-
ing Croatian VHL H191D and P138L, and other 
compound heterozygous germline mutations, 
such as VHL T124A and VHL L188 V [29–31].

Heterozygous loss-of-function mutations in 
the EGLN1 gene encoding prolyl hydroxylase 
domain protein 2 (PHD2), such as P317R, 
P371H, and H374R, affect the catalytic and 
substrate binding to PHD2, resulting in partial 
inhibition of HIFα subunit hydroxylation and 
degradation [10].

Gain-of-function mutations in the EPAS1 gene 
encoding HIF-2α alter HIF-2α hydroxylation and 
its subsequent binding to VHL, leading to an aber-
rant stabilization under normoxic conditions.

 Physiologic Increase 
in Erythropoietin Production 
Due to Cellular Hypoxia

Secondary erythrocytosis can develop due to 
increased Epo levels as a physiologic compensa-

Table 9.3 Distinguishing diagnostic features of congenital erythrocytosis associated with increased 
oxygen affinity HGB and decreased P50

Serum 
Epo PO2 levels

O2 
saturation

2,3-BPG 
activity

Hemolysate 
affinity

Hemolysate 
absorption 
spectrum

HGB 
structure

Cytochrome 
b5R or b5 
activity

High-affinity HGB 
variants

High Normal Normal Normal High Normal Abnormal Normal

2,3-BPG mutase 
deficiency

Normal Normal Normal Decreased Normal Normal Normal Normal

Methemoglobinemia High Normal Low Normal High Abnormal 
(increased 
COHb)

Normal (in 
the absence of 
hemoglobin 
M

Reduced

HGB hemoglobin, Epo erythropoietin, 2,3-BPG 2,3 biphosphoglycerate, COHb carboxyhemoglobin
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tion for low oxygen concentration in lungs and/or 
tissues due to chronic hypoxia. Hypoxia can be 
caused by hypoventilation, ventilation-perfusion 
(V/Q) mismatch, right-to-left shunt, diffusion 
impairment, or reduced inspired oxygen tension 
[22]. Table 9.4 lists the most common disorders 
and conditions associated with various defects 
that can lead to hypoxia, along with changes in 
arterial blood gas measurements.

The clinical workup of the hypoxemic condi-
tions requires the integration of clinical history, 
multiple laboratory tests, pulmonary function 
tests, and imaging studies to elucidate the mecha-
nism and cause of hypoxia. Blood and tissue oxy-
genation is measured by arterial oxygen saturation 
(SaO2, noninvasive pulse oximetry), arterial oxy-
gen tension (PaO2, arterial blood gas), the alveolar 
to arterial oxygen gradient (A-a oxygen gradient, 
calculated based on the arterial blood gas and 
alveolar gas equation), arterial oxygen tension to 
the fraction of inspired oxygen ration (PaO2/FiO2 

, used in ventilated patients), the arterial to alveo-
lar oxygen ratio (a-A oxygen ratio), and the oxy-
genation index (OI, used in neonates with 
persistent pulmonary hypertension). Table 9.4 
lists laboratory testing to evaluate for hypoxic 
causes of polycythemia.

 Inappropriate Epo Production 
Due to Neoplasms

Increased Epo production can also be seen as a 
paraneoplastic phenomenon in several tumors 
due to constitutive production. The most common 
tumors associated with Epo overproduction are 
hepatocellular carcinoma (seen in 23% of patients), 
renal cell carcinoma (seen in 1–5% of patients), 
cerebellar hemangioblastoma, uterine leiomyoma, 
pheochromocytoma, parathyroid adenoma, and 
meningioma [1]. All patients with erythrocytosis 
and inappropriately high Epo levels in the setting 

Table 9.4 Conditions and disorders associated with hypoxia and associated arterial blood gases 
measurements

Hypoxia 
mechanisms Conditions/disorders

Arterial blood gases 
measurements

Additional testsPaO2

P(A-a)
O2 PCO2

Hypoventilation CNS depression (drug, lesions)
Obesity (Pickwickian syndrome)
Altered neural conduction (ALS, 
GBS, injury)
Muscular weakness (myasthenia 
gravis, diaphragmatic paralysis, 
polymyositis, muscular dystrophy, 
severe hypothyroidism)
Kyphoscoliosis

Low Normal High Neuroimaging
Chest imaging
Toxicology screen
Electromyography
Nerve conduction studies
CSF examination
Disease-specific Ab serum levels
Thyroid function tests
Genetic studies

V/Q mismatch Pulmonary vascular disease
Pulmonary venous 
thromboembolism

Low High Normal PFT
V/Q scan
Chest imaging
Echocardiography

Right-to-left 
shunt

Physiologic (atelectasis, 
pneumonia, ARDS)
Anatomic (intracardiac shunts, 
pulmonary AVM, 
hepatopulmonary syndrome)

Low High Normal Echocardiography
Cardiac catheterization
Chest imaging
Microbiological studies

Diffusion 
limitation

Interstitial lung disease
Chronic obstructive lung disease

Low High Variable PFT; V/Q scan; imaging

Reduced PiO2 High altitude Low Normal Normal Travel history

V/Q ventilation-perfusion, PiO2 inspired oxygen tension, CNS central nervous system, ALS amyotrophic lateral sclerosis, 
GBS Guillain-Barre syndrome, ARDS acute respiratory distress syndrome, AVM arteriovenous malformation, PFT pul-
monary function tests, CSF cerebrospinal fluid, Ab antibody
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of normal oxygen studies should undergo computer 
tomography or magnetic resonance imaging stud-
ies to exclude the presence of an occult neoplasm.

 Inappropriate Erythropoietin 
Production Due to Renal Lesions

Increased Epo production through HIF pathway 
upregulation is seen in conditions associated with 
renal hypoxia or end-stage renal disease, such as 
renal artery stenosis, polycystic kidney disease, 
and hydronephrosis.

Erythrocytosis also occurs in up to 15% of 
patients following renal transplant and is defined 
as persistent (>6 months) increase in HGB and 
HCT in the absence of other CBC abnormalities 
[12]. Patients demonstrate an increase in serum 
Epo as well as other hematopoietic factors, such 
as insulin- like growth factor 1, insulin-like 
growth factor- binding proteins, and serum-solu-
ble stem cell factor, which may either increase 
sensitivity to erythropoietin or enhance erythro-
poiesis directly [13, 14]. Almost all cases develop 
in patients who have retained native kidneys that 
appear to be the source of excess erythropoietin 
[15]. One proposed mechanism leading to 
increase in Epo production in the native or graft 
kidneys or direct stimulation of red cell precur-
sors in the bone marrow is the activation of renin- 
angiotensin system, possibly through the 
deregulation of the HIF pathway [16, 17]. The 
differential diagnosis includes erythrocytosis 
associated with renovascular hypertension, renal 
cell carcinoma, and hepatocellular carcinoma 
(especially in patients with history of hepatitis B 
and C, for which the renal transplant population 
is at a higher risk). Post-renal transplant erythro-
cytosis usually occurs 8–24 months after trans-
plantation, and the risk factors include male 
gender, a rejection-free course, preserved glo-
merular filtration rate, and history of polycystic 
kidney disease or glomerulonephritis [23].

 TEMPI Syndrome

Erythrocytosis is a clinical manifestation of a 
recently described rare syndrome that is associated 

with telangiectasia, elevated Epo levels, monoclo-
nal gammopathy, perinephric fluid collections, and 
intrapulmonary shunting (TEMPI) [18, 19]. Only 
11 patients have been described to date. The JAK2 
V617F is absent in all cases. The bone marrow 
biopsy findings are nonspecific without the char-
acteristic changes present in polycythemia vera or 
other myeloproliferative neoplasms (see below). 
Although the pathogenesis of TEMPI syndrome 
is unknown, the remarkable response seen with 
bortezomib-based regimens suggests a central role 
of the plasma cell clone, and this disease should be 
considered in patients with concurrent erythrocy-
tosis and a plasma cell neoplasm [18].

 Iatrogenic Erythrocytosis

Drug-induced polycythemia can be seen with 
excess use of recombinant human erythropoietin 
or anabolic steroids. Abuse of both types of agents 
is seen in athletes and may be associated with 
increased thrombotic risk [20]. Sports federations 
have introduced mandatory monitoring of HGB, 
HCT, and reticulocytes to identify potential mis-
use of exogenous stimulants of erythropoiesis. 

 Polycythemia Vera

Primary erythrocytosis results from genetic 
defects in bone marrow precursors that drive 
increased red cell production. These genetic 
changes can be congenital or acquired. The most 
common cause of primary erythrocytosis is poly-
cythemia vera (PV), a MPN that develops due to 
acquired gain-of-function mutations in the cyto-
plasmic tyrosine kinase JAK2 that leads to hyper-
sensitivity to cytokines and proliferation of all 
hematopoietic lineages.

 Clinical Features
The incidence of PV is estimated at 1.9/100,000 
per year with a slight male predominance and the 
average age of 60 at diagnosis [32–34]. Many 
patients are asymptomatic, and the diagnosis may 
be suspected by the findings of plethora and sple-
nomegaly on examination or abnormalities on a 
routine blood count that, in addition to increased 
HGB and HCT, often include leukocytosis and/or 
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Table 9.5 Common clinical and laboratory findings in patients with polycythemia vera at diagnosis [32]
Clinical features % of patients with finding
Skin plethora 67

Hypertension 46

Splenomegaly 36

Pruritus 36

Vasomotor symptoms 29

Arterial thrombosis 16

Venous thrombosis 7

Major hemorrhage 4

Laboratory features % of patients with finding
WBC >10.5 × 109/L 49

Platelets >450 × 109/L 53

Increased lactate dehydrogenase 50

Presence of JAK2 V617F mutation 98

Subnormal serum erythropoietin levels 81

Abnormal bone marrow karyotype 12

Table 9.6 2016 WHO criteria for polycythemia vera [56]

Major criteria
1. HGB >16.5 g/dL in men and >16.0 g/dL in women

  Or

  Hematocrit >49% in men and >48% in women

  Or

   Increased red cell mass (>25% above mean normal predicted value)

2.  Bone marrow biopsy showing hypercellularity for age with trilineage growth (panmyelosis) including prominent 
erythroid, granulocytic and megakaryocytic proliferation with pleomorphic, mature megakaryocytes (different in 
size)

3.  Presence of JAK2 V617F or JAK2 exon 12 mutation

Minor criterion
  Subnormal serum erythropoietin levels

Diagnosis of PV requires meeting either all three major criteria or the first two major criteria and the minor criterion

thrombocytosis. The main causes of morbidity and 
mortality are due to complications of blood hyper-
viscosity, which stems from increases in RCM and 
contributes to an increased risk of venous and arte-
rial thrombosis [35]. These complications include 
hypertension, Raynaud phenomenon, claudica-
tion, peripheral gangrene, Budd-Chiari syndrome, 
myocardial infarction, and cerebrovascular acci-
dent. Hemorrhagic complications also occur less 
commonly. Other common symptoms include 
headache, dizziness, pruritus, or abdominal com-
plaints related to splenomegaly, which is present 
in the majority of patients (Table 9.5).

The diagnosis of PV is based on WHO classifi-
cation criteria that include clinical, laboratory, mor-
phologic, and genetic findings (Table 9.6). The 

diagnosis requires the presence of the three major 
criteria: elevated HGB/HCT levels, characteristic 
bone marrow morphologic findings, and the pres-
ence of JAK2 V617F or JAK2 exon 12 mutations. In 
the absence of JAK2 mutations (which occurs very 
rarely in PV), the diagnosis relies on the first two 
major criteria and subnormal serum Epo levels, the 
only minor criterion. Although relatively specific 
for PV, the sensitivity of subnormal Epo level is 
only 64–72%, and as a result, it is not required for a 
PV diagnosis if all three major criteria are met.

PV has three stages defined by clinical presenta-
tion and morphologic findings: pre- polycythemic/
early phase, polycythemic phase, and post-polycy-
themic myelofibrosis phase (post-PV MF). Over 
the course of their disease, patients may progress 
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through all three stages or may remain in only one 
stage throughout their disease course. Early-stage 
PV (also known as “masked PV”) may have HGB 
and HCT values that are just slightly elevated; such 
patients may be mistakenly diagnosed with essen-
tial thrombocythemia (ET), especially when pre-
senting with very high platelet counts, and the 
correct diagnosis requires a bone marrow biopsy 
[36–38]. To better capture these patients, the WHO 
has lowered the HGB and HCT levels and included 
bone marrow biopsy evaluation as a requirement 
for PV workup. Most PV patients present in poly-
cythemic phase that is associated with significantly 

increased RCM leading to markedly elevated HCT 
values, frequently to values above 60%, leukocyto-
sis of greater than 10 × 109/L, and thrombocytosis 
of greater than 450 × 109/L.

 Morphology
Because the excessive RBC production depletes iron 
stores, the erythrocytes may be microcytic and 
hypochromic (Fig. 9.1). The post-PV MF stage is 
associated with leukoerythroblastic peripheral blood 
smear showing the presence of left-shifted myeloid 
cells, blasts, nucleated RBCs, and misshapen RBCs 
with numerous tear- drop forms (Fig. 9.2).

Bone marrow biopsy has become a require-
ment for PV workup and should include assess-
ment of cellularity with focus on what lineage(s) 
is/are hyperplastic, megakaryocyte morphology, 
presence of megakaryocyte clusters, presence of 
fibrosis (reticulin and collagen) and/or osteoscle-
rosis, and blast enumeration. This systematic 
evaluation helps establish the diagnosis, exclude 
other myeloproliferative neoplasms, and estab-
lish the disease stage and prognosis.

Both early/pre-polycythemic and polycythe-
mic stages of PV show similar morphologic find-
ings of age-adjusted hypercellularity, trilineage 
hyperplasia, and pleomorphic megakaryocytes 
that may occur in loose clusters [39] (Fig. 9.3). 
Some patients, especially those with markedly 
increased megakaryocytes, may present with 
substantial bone marrow fibrosis (Fig. 9.4). 

Fig. 9.1 Polycythemia vera, polycythemic phase. The 
peripheral blood smear shows hypochromic microcytic 
red blood cells due to iron deficiency. Platelets are 
increased. The CBC showed WBC of 4.7 × 109/L, Hg of 
18.7 g/dL, MCV 78 fL, and platelets of 602 × 109/L

a b

Fig. 9.2 Polycythemia vera, post-polycythemic myelofi-
brosis. The peripheral blood smear shows markedly 
decreased hypochromic RBCs with numerous misshapen 
forms, including tear-drop cells (a). Nucleated RBCs and 
myelocyte are seen (b). The CBC showed WBC of 

3.09  × 109/L, RBC of 1.99 M/μL, HGB of 6.2 g/dL, and 
platelets of 57 × 109/L. Nucleated RBC counted 51.1 per 
100 WBC. WBC differential included 29% neutrophils, 
12% bands, 33% lymphocytes, 12% monocytes, 2% 
eosinophils, 4% metamyelocytes, and 8% myelocytes
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a b

c d

Fig. 9.3 Polycythemia vera, polycythemic phase. The 
aspirate smears are hypercellular showing trilineage pro-
liferation (panmyelosis) with numerous polymorphous 
megakaryocytes (a). The image shows myeloid and ery-
throid hyperplasia with complete maturation and absence 

of dysplasia (b). The bone marrow biopsy is hypercellular 
for age (100% cellular) with trilineage proliferation (c). 
Megakaryocytes are increased, occur in loose clusters, 
and are pleomorphic. Complete maturation is seen in the 
myeloid and erythroid lineages (d)

a b

Fig. 9.4 Polycythemia vera, polycythemic phase. The 
biopsy shows a hypercellular for age marrow with panmy-
elosis. Although no obvious fibrosis is appreciated on 

H&E (a), the reticulin stain shows diffuse loose reticulin 
meshwork without intersections corresponding to WHO 
myelofibrosis grade 1 (b)
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Although no significant differences in overall and 
leukemia- free survival are seen between the PV 
patients presenting with or without myelofibro-
sis, the latter group is significantly less prone to 
develop thrombosis [40]. Iron stores are nearly 

always absent. Approximately 12–21% of PV 
patients progress to post-PV MF [41]. Associated 
marrow findings include a variably cellular, often 
hypocellular, marrow with marked reticulin and/
or collagen fibrosis, decreased erythropoiesis and 
granulopoiesis, persistence of megakaryocytes 
that often show dysplastic nuclear features, and, 
occasionally, osteosclerotic bone (Fig. 9.5). 
Increased blasts should raise the suspicion of an 
accelerated phase of disease (10–19% blood or 
bone marrow blasts) or evolution to acute myeloid 
leukemia (blast phase, with ≥20% blood or bone 
marrow blasts), which is seen in less than 10% of 
PV patients [42].

 Immunophenotype and Cytochemistry
There is no role for immunophenotyping or 
cytochemistry in the diagnosis of polycythemia 
vera.

 Cytogenetics and Molecular Genetics
The JAK2 V617F mutation is present in greater 
than 95% of PV patients and represents the 
third major criterion for PV diagnosis [43]. Its 
presence establishes the existence of clonal 
hematopoiesis but is not specific for PV, since 
the same mutation is present in other myelo-
proliferative neoplasms, particularly essential 
thrombocythemia and primary myelofibrosis. 
Overall, the variant allele burden and the fre-
quency of JAK2 V617F homozygosity are sig-
nificantly higher in PV [44, 45]. The presence 
of the JAK2 V617F in several MPN may reflect 
the central role that JAK2 plays in the signal-
ing from the Epo receptor (EPOR), thrombo-
poietin receptor (encoded by the MPL gene) 
[46], and granulocyte colony- stimulating fac-
tor (G-CSF) receptor. The JAK2 V617F muta-
tion induces constitutive signaling through 
these receptors via STAT5, STAT3, RAS- 
MAPK, and PI3-AKT pathways, leading to 
cellular proliferation independent of cytokines, 
including Epo, and hypersensitivity to cyto-
kines [47–49].

The JAK2 exon 12 mutation, a rare gain-
of- function mutation seen in only 3% of PV 
patients, is specific for PV as it is not found 
in other MPN [50, 51]. Although not located 
in the pseudokinase domain, this mutation 

a

c

b

Fig. 9.5 Polycythemia vera, post-polycythemic myelofi-
brosis (post-PV-MF). The bone marrow biopsy shows 
hypocellular marrow with background fibrosis and osteo-
sclerotic change (a). Dense intersecting reticulin fibers on 
reticulin stain (b) and extensive interstitial collagen depo-
sition on trichrome stain (c) are consistent with WHO 
myelofibrosis grade 3
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Polycythemia
HGB >16 g/dL (F) and >16.5 g/dL (M) 

Low or normal serum Epo
JAK2 V617F/exon 12 mutation

Exclude CML•  Hypercellular BM
•  Panmyelosis 
•  Pleomorphic
   megakaryocytes 

Polycythemia vera 

Normal
oxygen studies  

Abnormal
oxygen studies

•  Epo-producing tumors
•  Benign renal lesions
•  Post-renal transplant
•  Exogenous Epo or androgens
•  TEMPI

Genetic defect

•  Chronic lung disease
•  Right-to-left shunt 
•  Sleep apnea
•  High altitude
•  Chronic CO poisoning
•  Smoking

•  Increased HGB
   oxygen affinity 
•  Oxygen sensing
   pathway defects 

High serum Epo
Low serum Epo

No JAK2 mutation  

Consider
ET or MPN-U 

Yes

No

Yes
No

Fig. 9.6 Algorithm for the workup of polycythemia. HGB 
hemoglobin, Epo erythropoietin, CML chronic myeloid 
leukemia, ET essential thrombocythemia, MPN-U myelo-
proliferative neoplasm, unclassifiable, TEMPI telangiec-

tasia, elevated erythropoietin levels, monoclonal 
gammopathy, perinephric fluid collections, and intrapul-
monary shunting

acts very similarly to JAK2 V617F. Other rare 
mutations seen in approximately 25% of the 
rare JAK2 V617F- negative PV cases include 
somatic or congenital mutations in lymphocyte 
adaptor protein (LNK), which acts as a negative 
regulator of the JAK- STAT signaling pathway 
[52]. It is important to mention that although 
JAK2 V617F mutation is considered to define 
clonality in MPN, including PV, recent stud-
ies have shown that JAK2 mutation likely rep-
resents a late secondary molecular event [53, 
54]. Although the initiating molecular change 
remains unknown, there is clear evidence that 
TET2, ASXL1, and EZH2 mutations may pre-
cede JAK2 V617F; on the other hand, muta-
tions in these genes can also be associated with 
disease progression and transformation [49].

 Differential Diagnosis
The approach to a patient with erythrocytosis 
should include clinical history, laboratory tests, 
and, in some cases, genetic testing to evaluate 
for secondary erythrocytosis (Fig. 9.6). The 
finding of decreased or subnormal serum Epo is 
quite specific for PV and helps establish the 

diagnosis in the setting of a JAK2 mutation. 
However, Epo levels may be normal, especially 
in early stages of PV (pre-polycythemic or 
masked PV), requiring further investigation of 
erythrocytosis. The presence of accompanying 
leukocytosis and thrombocytosis, splenomeg-
aly, and JAK2 V617F or another clonal genetic 
abnormality helps exclude secondary causes of 
erythrocytosis (see Secondary Erythrocytosis 
section above) but does not differentiate between 
PV and other MPN, especially ET and early/
pre-fibrotic primary myelofibrosis (PMF). 
Distinction between these three entities relies 
on a careful morphologic evaluation of a bone 
marrow biopsy, which has become a required 
major criterion in the revised 2016 WHO clas-
sification (Table 9.7).

The presence of lifelong erythrocytosis with 
early onset in the setting of low serum Epo levels 
should prompt an evaluation for an EPOR germ-
line mutation, a rare primary cause of erythrocy-
tosis. Unlike PV, patients with this rare autosomal 
dominant condition are usually asymptomatic, 
and the diagnosis can often be suspected on the 
basis of positive family history.
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Mixed Cytoses and Cytopenias

Sanam Loghavi and Sa A. Wang

 Overview

Leukocytosis is defined as leukocyte count 
≥13 × 109/L; in this chapter, the focus is leuko-
cytosis due to an increase of neutrophils and their 
precursors. Thrombocytosis is defined by a plate-
let count ≥450 × 109/L. Leukocytosis either in 
isolation or as the main abnormal feature of blood 
is discussed in Chap. 5, whereas thrombocyto-
sis as the primary presenting abnormality is dis-
cussed in Chap. 8. This chapter covers conditions 
presenting with either leukocytosis or thrombocy-
tosis and one or two cytopenias including reac-
tive conditions that may present with this mixed 
picture in the blood as well as specific myeloid 
neoplasms that most commonly present with 
mixed cytosis and cytopenias: atypical chronic 
myeloid leukemia; myelodysplastic syndrome/
myeloproliferative neoplasm (MDS/MPN)-
unclassifiable; and primary myelofibrosis. A pro-
posed algorithmic approach to the diagnosis of 
neutrophilic leukocytosis accompanied by anemia 
and/or thrombocytopenia is shown in Fig. 10.1. 
Myelodysplastic syndromes with isolated del(5q) 
and with inv(3) that can  frequently present with 
thrombocytosis despite other cytopenias will also 
be discussed. The specific entity MDS/MPN with 

ring sideroblasts and thrombocytosis, also com-
monly presents with thrombocytosis and anemia, 
but this entity is discussed separately in Chap. 8.

 Reactive Cytosis with Associated 
Cytopenia(s)

 Clinical Features
Reactive conditions presenting primarily with iso-
lated leukocytosis or thrombocytosis are dis-
cussed separately in Chaps. 5 and 8, respectively. 
The causes of reactive/secondary leukocytosis 
and/or thrombocytosis are very broad, including 
infections, collagen vascular diseases, trauma, 
recent surgery, iron deficiency, hemolysis, sple-
nectomy, paraneoplastic syndromes, drugs, smok-
ing, growth factors, and corticosteroids. It is quite 
common to see concomitant anemia in these 
patients, due to the same underlying conditions 
that cause leukocytosis and/or thrombocytosis. 
Anemia can be a result of blood loss, hemolysis, 
iron deficiency, nutritional deficiency, or chronic 
diseases. Anemia is often microcytic if the under-
lying causes are iron deficiency and thalassemia, 
and reactive thrombocytosis frequently accompa-
nies iron deficiency anemia. Blood loss, hyper-
splenism, and hemolysis often results in 
normocytic anemia. Macrocytic anemia can be 
seen in patients with vitamin B12 or folate defi-
ciency, liver disease, excessive alcohol intake, 
hypothyroidism, or drugs/medications that can 
interfere with DNA synthesis.
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On the other hand, leukocytosis with thrombo-
cytopenia or thrombocytosis with leukopenia is 
less common in reactive conditions. Leukocytosis 
with thrombocytopenia can be seen in infections, 
including viral [1], bacterial, and mycobacte-
rial infections, particularly in patients with sep-
sis [2]. Thrombocytopenia occurs in up to 20% 
of patients in the medical intensive care unit 
(ICU) and 35% of patients within the surgical 
ICU, and sepsis is a clear risk factor for throm-
bocytopenia. Thrombocytopenia may occur as a 
complication of heparin therapy also known as 
heparin-induced thrombocytopenia (HIT), and 
some patients may have undiagnosed or underly-
ing chronic idiopathic thrombocytopenia purpura 
(ITP); both entities are discussed separately in 
Chap. 2. Leukocytosis with leukoerythroblastosis 
(the presence of left- shifted myeloid forms and 
nucleated red blood cells in the blood) and throm-
bocytopenia may be seen in an infiltrative pro-
cess causing marrow fibrosis, such as metastatic 
tumor or primary myelofibrosis. Conversely, the 
combination of thrombocytosis and leukopenia 
has been reported in patients with celiac disease 
[3]. Thrombocytosis may be secondary to inflam-
matory mediators or, in some cases, secondary to 

iron deficiency anemia or functional hyposplenia, 
while leukopenia (which is less common than 
thrombocytosis in celiac disease patients) has 
been attributed to folate and/or copper deficiency. 
In addition, the combination of thrombocytosis 
and leukopenia may be seen in association with 
antipsychotic and antituberculosis drugs, rheu-
matoid arthritis, and patients with systemic lupus 
erythematosus or patients with non-Hodgkin 
lymphoma with or without bone marrow (BM) 
involvement [4].

 Morphology
Bone marrow biopsy may be indicated in 
patients with persistently abnormal blood 
counts to rule out an underlying neoplastic 
condition. The morphologic findings are vari-
able depending on the hematological manifes-
tations and underlying cause. BM cellularity, 
myeloid/erythroid ratio, and megakaryocyte 
numbers are variable. Erythroid precursors are 
often increased in patients with anemia, but 
can be decreased or even absent in some cases, 
if associated with pure red cell aplasia 
(Fig. 10.2). Mild dyserythropoiesis is common, 

Neutrophilia with
thrombocytopenia and/or anemia 

Reactive process Secondary/reactive cause

Bone marrow morphology, and
molecular genetics

Lymphoma, plasma cell
neoplasm, metastasis, or

other infiltration

Myelophthisis

No

PDFDRA,
PDGFRB, FGFR1,
or PCM-JAK2
rearrangement   Dyserythropoiesis or

dysmegakaryopoiesis

Granulocytic
dysplasia 

Genetically-defined
neoplasm

aCMLa

CNL

Yes

BCR-ABL1+

CML

IG >10% of
WBCs 

Monocytosis
>1 x 109/L  CMML

Yes

Yes

MDS/MPN-U

No

MF2-3 fibrosis with
bizarre and clustered
megakaryocytes
JAK2, MPL, CALR

PMF

No
IG <10% of WBCs
usually CSF3Ra

Fig. 10.1 Algorithm for the workup of neutrophilia with 
thromobcytopenia and/or anemia. aCSF3R mutations may 
be present in atypical CML but with much lower fre-

quency compared with chronic neutrophilic leukemia 
(CNL), and presence of SETBP1 and/or ETNK1 muta-
tions favor atypical CML. IG, immature granulocytes
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reflecting stress-induced hematopoiesis, and 
may be quite marked in patients with active 
hemolysis. Myeloid lineage cells are often 
increased and can show left-shifted or arrested 
maturation. In patients treated with growth fac-
tor, myeloid precursors may be increased, but 
blasts usually comprise <5% of cells in BM 
and <2% of cells in blood. Small lymphocytes, 
lymphoid aggregates, and mature plasma cells 
are generally increased in autoimmune dis-
eases and viral infections, such as human 
immunodeficiency virus (HIV) and hepatitis C 
infection.

The following features should be considered on 
morphologic examination of BM in patients with 
mixed cytoses and cytopenia: (1) Is there an infil-
trative process by a lymphoid or plasma cell neo-
plasm or metastatic tumor? (2) Are megakaryocytes 
abnormal in morphology or distribution (abnormal 
clustering, location close to the bone trabecula)? 
(3) Is there significant dysplasia in any hematopoi-
etic lineage? (4) Are blasts increased? (5) Is there 
significant reticulin fibrosis? (6) Are basophils 
and/or eosinophils increased? (7) Are abnormal 
mast cell clusters present?

 Immunophenotype
Immunophenotyping can be particularly helpful 
in ruling out an infiltrative process or an intrin-
sic myeloid neoplasm. Flow cytometry study 
should include markers to assess B-cell clonality, 
T- and NK-cell subsets, and blasts. If the initial 
screening panel reveals anything unusual, then 
an extended panel of markers or immunohisto-
chemistry studies may be performed for further 
investigation.

 Cytogenetics and Molecular Genetics
Chromosomal analysis and mutation testing 
may help in identifying a clonal hematopoietic 
neoplasm; however, the interpretation of these 
abnormalities needs to be done with caution, 
considering the prevalence of somatic mutations 
(such as DNMT3A, TET2, and ASXL1 [5–9]) in 
otherwise healthy aging population, known as 
clonal hematopoiesis of indeterminate poten-
tial (CHIP). Clonal chromosomal abnormalities 

a

b

c

Fig. 10.2 Cytosis and cytopenia associated with paraneoplas-
tic syndrome. A patient with widely metastatic ovarian carci-
noma presented with marked leukocytosis (WBC 
97.3 × 109/L), anemia (hemoglobin 7.9g/dL, MCV 93fL) and 
thrombocytosis (platelets 537 × 109/L). (a) Peripheral blood 
shows leukocytosis with mainly normal appearing neutrophils. 
(b) Bone marrow trephine biopsy shows a hyperceullar mar-
row with left shifted myeloid maturation with many early 
myeloid progenitors next to the bone trabeculae. (c) Bone mar-
row aspirate smear shows myeloid hyperplasia with left-
shifted maturation. No dysplasia is observed. Erythrocytes are 
reduced. Cytogenetic studies showed a normal karyotype, and 
molecular studies showed wild-type JAK2, MPL, CALR, 
CSF3R, KRAS, NRAS, and KIT
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can be observed in patients who have received 
cytotoxic therapy, either transient or clinically 
“silent,” which does not warrant a diagnosis of 
myeloid neoplasm. Therefore, like any disease, 
molecular genetic data need to be combined with 
other clinical, morphological, and immunophe-
notypical parameters.

 Differential Diagnosis
The work-up of patients with cytosis and cytope-
nia, should exclude any possible underlying etiol-
ogy that may cause secondary cytosis and 
cytopenia and assess for a potential hematopoietic 
neoplasm that may be responsible for the abnor-
mal production of blood cells. Myeloid neoplasms 
with leukocytosis and/or thrombocytosis with 
cytopenia and their clinicopathological features 
are discussed below and represent the main differ-
ential diagnostic consideration in these patients.

 Myeloid Neoplasms 
with Leukocytosis and/or 
Thrombocytosis with Cytopenia

Among myeloid neoplasms, the presence of a 
“hybrid” picture in the blood, with one elevated 
count and one or two cytopenias, is most sugges-
tive of a disease in the MDS/MPN category. 
Within the category of MDS/MPN, chronic 
myelomonocytic leukemia (CMML) and juvenile 
myelomonocytic leukemia (JMML) present with 
a prominent monocytic proliferation and other 
cytopenias; these conditions are discussed in 
detail in Chap. 7. MDS/MPN with ring sidero-
blasts and thrombocytosis (MDS/MPN-RS-T) is 
discussed in Chap. 8. The remaining two MDS/
MPN entities, atypical chronic myeloid leukemia 
(aCML) and MDS/MPN-unclassifiable (MDS/
MPN-U), are discussed here. Primary myelofibro-
sis (PMF) is a pure myeloproliferative neoplasm 
(MPN); however, unlike polycythemia vera, 
essential thrombocythemia, chronic myeloid leu-
kemia (CML), and chronic neutrophilic leukemia 
(CNL) which are characterized primarily by their 
respective cytoses, patients with PMF often pres-
ent with hybrid cytoses and cytopenias. Many 

patients have mild leukocytosis and anemia, but 
others may have significant cytopenias that raise 
the question of MDS/MPN or MDS. Finally, 
MDS with del(5q) and inv(3) are discussed in this 
chapter because they frequently present with 
thrombocytosis with anemia and/or leukopenia.

 Atypical Chronic Myeloid Leukemia, 
BCR-ABL1 Negative

Atypical chronic myeloid leukemia (aCML) is a 
rare MDS/MPN characterized by the simultane-
ous presence of myelodysplastic and myelopro-
liferative features. The reported incidence is 
approximately 0.01–0.04 per 100,000 popula-
tions. Dysplastic neutrophilic leukocytosis with 
left-shifted neutrophilic precursors (≥10%) in 
the blood is the hallmark of this disease. There is 
no evidence of BCR-ABL1 fusion or rearrange-
ments of PDGFRA, PDGFRB, FGFR1, or 
PCM1-JAK2 translocation, by definition [10]. 

Table 10.1 WHO 2016 diagnostic criteria for 
atypical chronic myeloid leukemiav, BCR-ABL1 
negative  (aCML)

PB leukocytosis with neutrophils and neutrophilic 
precursors (promyelocytes, myelocytes, 
metamyelocytes) comprising ≥10% of WBCs

Dysgranulopoiesis, which may include abnormal 
chromatin clumping

No or minimal absolute basophilia; basophils typically 
<2% of WBCs

No or minimal absolute monocytosis; monocytes 
<10% of WBCs

Hypercellular BM with dysplastic granulocytic 
hyperplasia, with or without erythroid and 
megakaryocytic dysplasia

<20% blasts in the PB and BM

No evidence of BCR-ABL1, PDGFRA, PDGFRB, or 
FGFR1 rearrangement or PCM1-JAK2

Not meeting WHO criteria for PMF, PV, or ET and no 
previous history of these diseases

Presence of SETBP1 and/or ETNK1 mutationsa

Absence of CSF3R mutationa

BM bone marrow, ET essential thrombocythemia, PB 
peripheral blood, PMF primary myelofibrosis, PV polycy-
themia vera, WBC white blood cell
aThese features are not required for the diagnosis but are 
highly suggestive of aCML
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The WHO 2017 diagnostic criteria for aCML are 
summarized in Table 10.1.

 Clinical Features
Affected patients are typically elderly with 
a median age at presentation of 72 years 
[10–12]. There is a male predominance (2:1). 
Organomegaly (45%), anemia (median HGB 
9.4 g/dL), thrombocytopenia (median platelet 
count 87 × 109/L), and leukocytosis (median 
WBC count, 40.8 × 109 /L) are common; cir-
culating blasts are seen in 17% of patients. 
The presence of marked dysgranulopoiesis 
and circulating neutrophil precursors is help-
ful in distinguishing aCML from MDS/MPN-U 
and MPNs that can present with leukocytosis 
[11, 12]. Absolute monocytosis (≥1 × 109/L) 
due to a high white cell count is common, but 
the percentage of monocytes is always <10%. 
Elevated serum lactate dehydrogenase (LDH) 
is seen in approximately 85% of patients at 
presentation [12].

aCML is an aggressive disease, with a median 
overall survival of 14–30 months [10, 13–16]. 
Approximately 15–40% of cases progress to acute 
myeloid leukemia (AML), and the median trans-
formation time is 18 months [10, 13, 14, 17]. Older 
age (>65 years) and leukocytosis >50 × 109/L have 
been reported to be associated with shorter overall 
survival, while organomegaly, monocytosis, BM 
blasts >5%, and transfusion dependency have been 
linked to increased rate of AML progression [14].

 Morphology
The peripheral blood shows leukocytosis with 
increased neutrophils and neutrophilic precursors. 
By definition, neutrophil precursors including 
promyelocytes, myelocytes, and metamyelocytes 
comprise ≥10% of WBCs. Dysgranulopoiesis is 
present and is usually prominent (Fig. 10.3). The 
morphologic features defining dysgranulopoiesis 
in MDS, such as cytoplasmic hypogranulation, 
nuclear hypolobation, and pseudo-Pelger-Huët 
neutrophils, apply to aCML as well. In addition, 
dysgranulopoiesis may be present in a peculiar 
form that is uncommon in MDS (Fig. 10.4): 
the neutrophils appear to be hypersegmented 
with often normal granulation, but the nuclei 

a

b

c

Fig. 10.3 Atypical chronic myeloid leukemia, BCR- 
ABL1 negative. (a) Peripheral blood smear shows 
leukocytosis, with increased neutrophil precursors (pro-
myelocytes, myelocytes, and metamyelocytes). A blast 
is seen in the lower right corner. There is dysgranulo-
poiesis characterized by cytoplasmic hypogranulation 
and nuclear hypolobation, similar to the dysgranulo-
poiesis seen in myelodysplastic syndromes (MDS). (b) 
Bone marrow biopsy shows a hypercellular marrow 
with myeloid hyperplasia and many small dysplastic 
megakaryocytes. (c) Bone marrow aspirate smear shows 
myeloid hyperplasia with left-shift maturation and 
dysgranulopoiesis, with cytoplasmic hypogranulation, 
nuclear hypolobation
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are twisted and  abnormally branched, unlike the 
neutrophil hypersegmentation seen in megalo-
blastic anemia. This form of dysgranulopoiesis 
is observed in about 20–30% aCML cases and 
should be recognized. There is generally no 
basophilia, but rare cases may show up to 5% 
peripheral blood basophils. Eosinophilia is also 
uncommon.

The BM is often hypercellular for age with a 
disproportionate increase in myeloid lineage 
cells: the median myeloid/erythroid ratio is 6. 
Severe granulocytic dysplasia characterized 
by increased pseudo-Pelger-Huët neutrophils, 
nuclear hyperchromasia, and abnormal nuclear 
segmentation and cytoplasmic granularity is 
invariably present and is helpful in distinguish-
ing aCML from its mimics, particularly 
CNL. The peculiar form of dysgranulopoiesis 
with abnormal nuclear branching is also 
observed on BM aspirate smears. Erythroid pre-
cursors are often decreased, and dyserythropoi-
esis is present in approximately half of cases. 
Dysmegakaryopoiesis with increased small, 
hypolobated megakaryocytes, with or without 
megakaryocytic hyperplasia, is often seen. 
Blasts may be increased, but are less than 20% 
of all nucleated cells by definition. Various 
degrees of bone marrow reticulin fibrosis may 
be present at the time of initial diagnosis or may 
appear later in the course of disease.

 Immunophenotype
No specific immunophenotypic features have been 
identified in aCML; however, myeloid blasts often 
exhibit an aberrant immunophenotype with altera-
tions of CD34, CD38, CD117, CD123, and/or CD13 
and/or aberrant expression of lymphoid markers by 
flow cytometric analysis [18]. Granulocytes often 
demonstrate hypogranulation (decreased side scat-
ter) and abnormal maturation patterns (Fig. 10.5).

 Cytogenetics and Molecular Genetics
An abnormal karyotype is identified in 30–40% 
of patients. No specific recurrent numerical or 
structural cytogenetic abnormalities have been 
identified in aCML. Trisomy 8 is the single most 
common cytogenetic abnormality (18%) [12]. 
del(20q) and abnormalities of chromosomes 12, 
13, 14, 17, and 19 have also been reported [10]. 
Complex karyotype, monosomy 7, or del(7q) and 
i17(q) have been reported in approximately 8% 
of cases [12]. There is no evidence of BCR-ABL1 
or PDGFRA, PDGFRB, or FGFR1 rearrange-
ment, by definition [10]. Isolated cases with 
BCR-JAK2 have been reported [12, 19–21].

High-throughput next-generation sequencing 
studies have identified recurrent somatic mutations 
which appear to be involved in the pathogenesis of 
aCML. These mutations span across various gene 
categories including those involved in epigenetic 
regulation [SETBP1 (up to 33%); ASXL1 (25%); 

a b

Fig. 10.4 Atypical chronic myeloid leukemia, BCR- ABL1 
negative with peculiar abnormal neutrophils. (a) Peripheral 
blood smear shows leukocytosis, with neutrophils showing 
abnormally twisted and branched nuclei that are hyperchro-

matic. This particular abnormality is not common in MDS 
dysgranulopoiesis and may be mistaken for neutrophil 
hypersegmentation. (b) Bone marrow aspirate smear shows 
myeloid hyperplasia, with similar abnormal neutrophils
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TET2 (25%); EZH2 (up to 15%)] and cell signaling 
[NRAS/KRAS (up to 35%); ETNK1 (9%); JAK2 
(7%); CBL (7%)] [11, 13, 22]. CSF3R mutations, 
frequently present in CNL, are notably less com-
mon in aCML (<10% of cases) [23, 24]. Other 
MPN-associated driver mutations (CALR, MPL) 
are also typically absent [25]. The exact mechanis-
tic role of SETBP1 in aCML is not well understood; 
there is some data suggesting that the stabilization 
of SET results in inhibition of the tumor suppressor 
protein phosphatase 2A (PP2A) which in turn leads 
to dysregulated cellular proliferation [13].

Unlike other myeloid neoplasms, there is no 
data to suggest a prognostic significance for spe-
cific cytogenetic alterations such as abnormali-
ties of chromosome 7 or a complex karyotype 
[11]. Patients with SETBP1-mutated aCML have 
a shorter overall survival compared to those with 
SETBP1-wild-type disease [13].

 Differential Diagnosis
The major differential diagnoses for aCML are other 
conditions presenting with marked leukocytosis.

Reactive/secondary leukocytosis with neutro-
philia may be caused by smoking, infections, 
inflammation, drugs including growth factors, 
stress (physical or emotional), hemorrhage, myelo-
phthisis, paraneoplastic syndromes, and asplenism 
[26–37]. Leukemoid reaction is a term used to 
describe reactive leukocytosis with WBC count 
>50,000/uL. Reactive leukocytosis with neutro-

philia does not show dysplastic features; rather, 
neutrophils may show toxic granules, Döhle bod-
ies, hypersegmentation, and/or increased band 
forms. A few neutrophil precursors, including pro-
myelocytes, myelocytes, and metamyelocytes, 
may be present, but they rarely comprise >10% of 
WBCs. The BM findings of reactive/secondary 
leukocytosis include normal or increased cellular-
ity with increased neutrophils and their precursors. 
Significant dysgranulopoiesis and dysmegakaryo-
poiesis are absent. The BM biopsy may reveal lym-
phoma, myeloma, or metastatic carcinoma that 
may be the underlying causes of leukocytosis.

Chronic myeloid leukemia (CML) presents 
with marked leukocytosis with increased neutro-
phil precursors in the peripheral blood. CML fre-
quently shows basophilia and eosinophilia, which 
are usually not seen in aCML. Similar to aCML, 
the BM of patients with CML is hypercellular 
and shows increased neutrophils and neutrophilic 
precursors. However, there is no significant dys-
granulopoiesis. There is often a prominent 
increase in myelocytes and neutrophils in CML 
(Fig. 10.6), which is not consistently observed in 
aCML. Megakaryocytes in CML are “dwarf” 
small and hypolobated forms, morphologically 
overlapping with the dysplastic megakaryocytes 
in aCML. All myeloid neoplasm presenting with 
leukocytosis should be checked for BCR-ABL1 
fusion, which defines CML and excludes aCML.

Chronic neutrophilic leukemia (CNL) is a 
myeloproliferative neoplasm with a median 
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Fig. 10.5 Flow cytometric characterization of atypical 
chronic myeloid leukemia. (a) CD45 versus SCC: neutro-
phils and their precursors show markedly decreased 
SSC. There is a discrete blast population (arrow) showing 
decreased CD45 and low SSC; monocytes are nearly 

absent. (b) Neutrophils and their precursors show an 
abnormal CD13/CD16 maturation pattern (normal is a 
‘check mark’ pattern). (c) CD34+ blasts show markedly 
decreased CD38 (normal CD38 APC MFI >20,000)
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WBC of 40–50 × 109/L, similar to 
aCML. However, the leukocytes are predomi-
nantly composed of mature neutrophils and band 
forms (≥80% of WBCs). Neutrophil precursors 
(promyelocytes, myelocytes, and metamyelo-
cytes) comprise <10% of WBCs (Fig. 10.7). 
Toxic granulation and Döhle bodies are often 
seen; however, significant dysgranulopoiesis is 
not present. The BM of patients with CNL is 
hypercellular due to neutrophilic proliferation 
with cells predominantly from metamyelocytes 
to mature neutrophil stages. Megakaryocytes are 
usually normal in quantity or can be slightly 
increased without significant clustering and may 
be atypical (large, hyperlobulated) or morpho-
logically unremarkable. Mutation in CSF3R is 
virtually a disease-defining molecular marker of 
CNL and is included as a diagnostic criterion in 
the WHO update in 2017 [23, 25]. In contrast, 
CSF3R mutations are uncommon (<10%) in 
aCML, but can occur in a subset of cases and do 
not preclude the diagnosis if other features fit 
with a diagnosis of aCML.

Chronic myelomonocytic leukemia (CMML) 
is an MDS/MPN characterized by persistent 
monocytosis. In aCML cases with a very high 
WBC, the absolute monocyte count can easily 
surpass ≥1.0 × 109/L, underscoring the impor-

tance of the requirement of ≥10% monocytes for 
a diagnosis of CMML. Overall, if there is persis-
tent monocytosis (both absolute number and per-
centage), a diagnosis of CMML supercedes a 
diagnosis of other MDS/MPNs, including 
aCML. It should be noted that in some patients 
with CMML, the PB at presentation may show 
features of aCML with borderline monocytosis 
(8–12%) that fluctuates with time. It is important 
to observe the monocyte count over a period of 
time in order to determine whether the degree of 
monocytosis increases and becomes a persistent 
feature, in which case a diagnosis of proliferative 
type CMML is warranted; otherwise, the case 
should be classified as aCML.

Myelodysplastic syndrome (MDS) cases 
may develop leukocytosis in the course of dis-
ease; and myeloproliferative neoplasms (MPN) 
may develop dysgranulopoietic leukocytosis. It 
is important to ensure that leukocytosis is not 
due to an underlying infection, growth factor 
treatment, or experimental drugs used to treat 
MDS patients. In some cases, leukocytosis may 
become a persistent unrelenting feature, meet-
ing all criteria for aCML; however, the current 
 recommendation is not to make such a diagnosis 
in patients with a previously established diagno-
sis of MDS or MPN.

a b

Fig. 10.6 Chronic myeloid leukemia (CML). (a) 
Peripheral blood shows leukocytosis, with increased neu-
trophil precursors (promyelocytes, myelocytes, metamy-
elocytes). Basophils are present. There is no significant 

dysgranulopoiesis. (b) Bone marrow aspirate smear 
shows myeloid hyperplasia with a bulging of neutrophils 
and myelocytes without dysgranulopoiesis
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The differential diagnosis also includes MDS/
MPN-unclassifiable, and PMF, which are dis-
cussed below.

 Myelodysplastic Syndrome/
Myeloproliferative Neoplasm, 
Unclassifiable (MDS/MPN-U)

Myelodysplastic syndrome/myeloproliferative 
neoplasm-unclassifiable (MDS/MPN-U), is a 
rare myeloid stem cell neoplasm, overall account-
ing for less than 5% of all myeloid malignancies. 
It is characterized by overlapping myeloprolifer-
ative and myelodysplastic features at the time of 
initial diagnosis and no preceding history of 
MDS or MPN. By definition these cases do not 
fulfill the diagnostic criteria for other WHO- 
defined neoplasms in this category (CMML, 
JMML, aCML, or MDS/MPN-RS-T), and there 
is no evidence of BCR-ABL1 or rearrangements 
of PDGFRA, PDGFRB, FGFR1, or PCM1-JAK2. 
Cases that fulfill criteria for MDS with isolated 
del(5q), according to the current classification, 
are excluded from this category [11, 38, 39]. 
MDS with inv(3)/t(3;3) also can have thrombocy-
tosis, which is further discussed below.

Refractory anemia with ring sideroblasts and 
marked thrombocytosis (RARS-T) was placed 
within MDS/MPN-U as a provisional entity in 
the 2008 WHO classification. This MDS/MPN 
entity is now recognized in the 2017 WHO revi-
sion as a distinct form of MDS/MPN due to its 
unique clinicopathological and genetic features, 
with its revised name MDS/MPN-RS-T. This 
entity is discussed in Chap. 8.

 Clinical Features
MDS/MPN-U affects primarily older patients with 
a median age of 71–73 years and a male-to- female 
ratio of 1.4–2:1 [12, 39, 40]. Patients typically pres-
ent with anemia (median HGB 10.1 g/dL) with or 
without macrocytosis and leukocytosis 
(≥13 × 109/L, median 19.4 × 109/L) or thrombocy-

a
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c

Fig. 10.7 Chronic neutrophilic leukemia (CNL). (a) 
Peripheral blood shows leukocytosis comprised mostly 
of neutrophils. Neutrophil precursors (promyelocytes, 
myelocytes, metamyelocytes) are not seen (by definition 
<10%). There is no dysgranulopoiesis. (b) Bone marrow 
is markedly hypercellular with increased megakaryo-
cytes, large and multilobated, but not forming dense clus-
ters. (c) Bone marrow aspirate smear shows myeloid 
hyperplasia with many neutrophils and notably absent 
dysgranulopoiesis
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tosis (≥450 × 109/L). There is no monocytosis and 
no significant eosinophilia or basophilia. 
Splenomegaly and monocytopenia are relatively 
common [12]. MDS/MPN-U is a diagnosis of 
exclusion, for cases not meeting other defined enti-
ties and patients who do not have a history of MDS 
or MPN. However the diagnosis does not exclude 
patients who may have a history of cytosis or cyto-
penia but have no documentation or confirmation 
of a diagnosis of MDS or MPN. If the first BM 
biopsy and hematological features are consistent 
with MDS/MPN-U, this diagnosis is appropriate.

The median overall survival of patients with 
MDS/MPN-U is reported to be between 12.4 and 
21.8 months. Thrombocytopenia (<100 × 109/L) 
is the factor most prominently associated with 
shorter overall survival [12, 39]. Younger age 
(<60 years), thrombocytosis, lack of circulating 
blasts, and low BM blast count (<5%) are associ-
ated with favorable outcomes [39]. AML transfor-
mation is reported in about one quarter of patients 
and is associated with extremely poor prognosis.

 Morphology
MDS/MPN-U is more heterogeneous than other 
better-defined MDS/MPN entities; therefore, the 
morphologic findings are more variable. Peripheral 
blood granulocytes and platelets may exhibit abnor-
mal morphology. Some cases may show increased 

circulating granulocyte precursors, including pro-
myelocytes, myelocytes, and metamyelocytes, but 
they are either <10% of WBC or not in conjunction 
with dysgranulopoiesis; otherwise, the case may be 
better classified as aCML. Circulating blasts may be 
present but are <20%. The BM is usually hypercel-
lular and shows myeloid or megakaryocytic hyper-
plasia with morphologic dysplasia in one or more 
of the hematopoietic lineages. Megakaryocytes are 
often dysplastic, with small hypolobated forms or 
widely separated nuclear lobes (MDS-like); but in 
about 20–30% of cases, they may show a mixture 
of small hypolobated (MDS-like) and large hyper-
segmented megakaryocytes with loose clustering 
(MPN-like); and in 5–10% of cases, megakaryo-
cytes may show only large hypersegmented MPN-
like morphology. M:E ratio is more variable than 
aCML, overall increased, but some cases may show 
erythroid hyperplasia. MF2 and MF3 fibrosis is 
observed in about 20–30% of patients (Fig. 10.8).

 Immunophenotype
Myeloid blasts often exhibit an aberrant immuno-
phenotype with alterations of CD34, CD38, 
CD117, CD123, and/or CD13 +/− aberrant 
expression of lymphoid markers by flow cytomet-
ric analysis; however no specific immunopheno-
typic abnormalities have been defined. Neutrophils 
and their precursors, as well as monocytes, fre-

a b

Fig. 10.8 Myelodysplastic/myeloproliferative neoplasm 
unclassifiable (MDS/MPN-U) with significant myelofibro-
sis. (a) Bone marrow biopsy shows marked myelofibrosis 
with many abnormal megakaryocytes. Megakaryocytes are 

variable in size including many small and hyperchromatic 
forms. (b) Bone marrow aspirate smear shows dyserythro-
poiesis and dysgranulopoiesis. This patient had no history 
of MDS or MPN prior to this bone marrow examination
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quently show abnormal  maturation patterns simi-
lar to what has been described in MDS.

 Cytogenetics and Molecular Genetics
Approximately one third of MDS/MPN-U cases 
exhibit clonal numeric and structural chromosomal 
alterations; however no specific abnormalities have 
been identified. The most commonly detected 
alteration is trisomy 8, reported in approximately 
15% of cases [12]. Other relatively more common 
abnormalities include monosomy 7, trisomy 9, or 
deletions of 7q, 13q, and 20q [41]. Single nucleo-
tide polymorphism arrays (SNP-A) have identified 
large regions of uniparental disomy associated with 
gain-of- function mutations in known oncogenes or 
loss-of- function mutations in known tumor sup-
pressors in ~38% of MDS/MPN-U [41–43].

JAK2 p.V617F is the most frequent genetic 
alteration in MDS/MPN-U with a reported fre-
quency of ~20–25% [11, 12, 39]. This high fre-
quency of JAK2 p.V617F may be due to the 
inclusion of some cases with an undocumented 
history of MPN that have progressed to MDS/
MPN at the time of initial diagnosis. Other genes 
involved in various cellular mechanisms includ-
ing DNA methylation [TET2 (30%), IDH1/2 
(5–10%), DNMT3A (4%)], transcription regula-
tion [RUNX1 (~14%), CEBPA (~4%)], histone 
modification [EZH2 (10%)], and cell signaling 
pathways [KRAS/NRAS (~10%), SETBP1 
(~10%), CBL (~10%), and FLT3 (~3%)] are also 
recurrently mutated [42, 44, 45]. CSF3R muta-
tions are notably absent in MDS/MPN-U [12].

 Differential Diagnosis
Reactive/secondary conditions causing leukocy-
tosis or thrombocytosis associated with cytope-
nia as discussed in the beginning of the chapter 
need to be excluded before reaching a diagnosis 
of MDS/MPN-U. Reactive conditions often have 
an associated underlying cause, and blood count 
abnormalities should recover as the underlying 
condition resolves. The BM morphology in 
patients with reactive conditions is often unre-
markable, whereas almost all cases of MDS/
MPN-U show an abnormal BM.

Chronic myelomonocytic leukemia (CMML) 
supercedes a diagnosis of MDS/MPN- U. Persistent 
monocytosis, based not only on the absolute mono-
cyte count but also on the monocyte percentage, is 
emphasized, since borderline or transient monocy-
tosis may be seen in some cases of MDS/MPN-U.

Atypical chronic myeloid leukemia (aCML) 
shares overlapping features with at least a subset 
of MDS/MPN-U (Figs. 10.9 and 10.10), and in 
some cases, this separation is arbitrary. For 
example, if there is marked leukocytosis with 
marked dysgranulopoiesis but the PB has <10% 
neutrophil precursors (Fig. 10.9) or, conversely, 
if there is leukocytosis but the PB shows ≥10% 
neutrophil precursors and no dysgranulopoiesis 
despite the presence of dyspoietic features in 
other lineages (Fig. 10.10), diagnostic criteria for 
aCML are not fulfilled, and the features are more 
in keeping with MDS/MPN-U. One study [12] 
comparing aCML with MDS/MPN-U found that 
the presence of ≥10% neutrophil precursors 
without dysgranulopoiesis was an independent 
risk for an inferior prognosis in MDS/MPN-U.

Myelodysplastic syndromes with thrombocyto-
sis or leukocytosis can be difficult to distinguish 
from MDS/MPN-U. Some MDS/MPN patients 
may have a preceding clinical prodrome suggest-
ing MDS, for example, a history of anemia in the 
past 2–3 years, but never have an established diag-
nosis of MDS. Only if the patient presents with 
cytosis and cytopenia at the time of initial presen-
tation is the case classified as MDS/MPN-U rather 
than MDS. Exceptions are MDS with isolated 
del(5q) or inv(3), which are known to be associ-
ated with thrombocytosis in some patients. 
However, marked persistent leukocytosis with no 
recent growth factor treatment is highly unusual 
for MDS, and such cases, despite the presence of 
isolated del(5q) or inv(3), are best classified as 
MDS/MPN-U rather than MDS. Thus, del(5q) and 
inv(3) cytogenetic abnormalities can be seen in 
MDS/MPN-U and do not exclude this diagnosis.

Myeloproliferative neoplasms (MPN) with cyto-
penia: Cytopenia(s) as well as dysplasia can 
develop in a patient with MPN and can represent 
signs of disease progression. On the other hand, if 
a diagnosis of MPN is not confirmed previously, 
the presence of significant cytopenia and dyspoie-
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a

b

c

Fig. 10.9 Myelodysplastic /myeloproliferative neoplasm 
unclassifiable (MDS/MPN-U) or atypical chronic myeloid 
leukemia (aCML)? (a) Peripheral blood shows mild leu-
kocytosis (WBC, 13.1 × 109/L), marked dysgranulopoie-
sis but lack of neutrophil precursors (promyelocytes, 
myelocytes, metamyelocytes). (b) Bone marrow aspirate 
smear shows myeloid hyperplasia, marked dysgranulo-
poiesis and dyserythropoiesis. (c) Bone marrow biopsy is 
hypercellular, with dysplastic megakaryocytes, and a 
markedly increased myeloid:erythroid ratio. This case, 
due to the absence of increased PB neutrophil precursors 
(<10%), is best classified as MDS/MPN-U

a

b

c

Fig. 10.10 Myelodysplastic /myeloproliferative neo-
plasm unclassifiable (MDS/MPN-U) or atypical chronic 
myeloid leukemia (aCML)? (a) peripheral blood shows 
marked leukocytosis with ≥10% neutrophil precursors 
(promyelocytes, myelocytes and metamyelocytes). (b) 
Bone marrow biopsy shows a hypercelluar (100%) mar-
row with dysplastic megakaryocytes, and markedly 
increased myeloid:erythroid ratio. However, there is no 
significant dysgranulopoiesis seen on bone marrow aspi-
rate smear (c) or PB smear (a). This case, due to the 
absence of significant dysgranulopoiesis, is best classified 
as MDS/MPN-U
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sis would favor a diagnosis of MDS/MPN-U over 
a diagnosis of “pure” MPN. JAK2 p.V617F is 
detected in about 20–25% of MDS/MPN-U, indi-
cating that some cases classified as MDS/MPN-U 
may indeed have developed from an undocumented 
MPN; thus, the detection of JAK2 p.V617F does 
not help in the differential diagnosis between a 
“pure” MPN and MDS/MPN-U. Differentiating 
MDS/MPN-U from PMF is further discussed in 
this chapter in the PMF section below.

 Primary Myelofibrosis

Primary myelofibrosis (PMF) is a clonal, stem 
cell-derived myeloproliferative neoplasm (MPN) 
characterized by the proliferation of megakaryo-
cytic and granulocytic lineages and associated 
with reactive bone marrow fibrosis, osteosclero-
sis, angiogenesis, frequent extramedullary hema-
topoiesis, and altered chemokine production. 
PMF is further categorized into the initial pre- 
fibrotic (cellular) phase with a predominantly 
proliferative bone marrow morphology and 
absent or minimal reticulin fibrosis and the 
fibrotic or overt stage characterized by the pres-
ence of prominent reticulin and/or collagen fibro-
sis, osteosclerosis, leukoerythroblastosis, and 
hepatosplenomegaly. The diagnosis of PMF 
requires the integration of several clinical, labo-
ratory, and pathologic findings. The WHO 2017 
diagnostic criteria for PMF, both pre-fibrotic and 
fibrotic stages, are shown in Tables 10.2 and 10.3.

PMF, according to the degree of fibrosis, can be 
divided into pre-fibrotic (MF0 and MF1) and 
fibrotic phases (MF2 and MF3) [46], representing 
approximately 40% and 60% of PMF, respectively. 
PMF at pre-fibrotic phase often has no significant 
cytopenia or only mild to moderate anemia. In con-
trast, the combination of cytosis and cytopenia is 
common in patients in fibrotic phase, and for these 
reasons, PMF is discussed in this chapter.

 Clinical Features
The overall incidence of PMF is approximately 
0.5–1.5 per 100,000 population with a median age 
at diagnosis of ~65 years and a slight male predilec-

Table 10.3 WHO 2016 diagnostic criteria for 
overt/fibrotic stage primary myelofibrosis

Major criteria

Atypical megakaryocytic proliferation and ≥grade 2 
reticulin and/or collagen fibrosis

Presence of a JAK2, MPL, or CALR mutation

or presence of other clonal marker

or absence of evidence for reactive myelofibrosis if no 
clonal marker is demonstrated

Not meeting diagnostic criteria for other WHO- 
defined myeloproliferative neoplasms, 
myelodysplastic syndrome, or other myeloid 
neoplasms

Minor criteria

Requires at least one minor criterion confirmed in two 
consecutive occasions

Anemia not related to other comorbid conditions

Leukocytosis ≥11 × 109/L

Palpable splenomegaly

Increased serum LDHa

Leukoerythroblastosis

The diagnosis of PMF requires all three major criteria and 
at least one minor criterion
aAbove the upper normal limit of institutional reference 
range

Table 10.2 WHO 2016 diagnostic criteria for 
early/pre- fibrotic primary myelofibrosis

Major criteria

Atypical megakaryocytic proliferation and <grade 2 
reticulin fibrosis, with increased bone marrow 
cellularity for age and granulocytic proliferation

Presence of a JAK2, MPL, or CALR mutation

or presence of other clonal marker

or absence of evidence for reactive myelofibrosis if no 
clonal marker is demonstrated

Not meeting diagnostic criteria for other WHO- 
defined myeloproliferative neoplasms, 
myelodysplastic syndrome, or other myeloid 
neoplasms

Minor criteria

Requires at least one minor criterion confirmed in two 
consecutive occasions

Anemia not related to other comorbid conditions

Leukocytosis ≥11 × 109/L

Palpable splenomegaly

Increased serum LDHa

The diagnosis of PMF requires all three major criteria and 
at least one minor criterion
aAbove the upper normal limit of institutional reference 
range
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tion [47]. The clinical manifestations of PMF are 
broad and include constitutional  symptoms (fever, 
fatigue, night sweats, etc.), splenomegaly (up to 
90%), splenic infarct, hepatomegaly (about 50%), 
portal hypertension, ascites, pleural effusion, bone 
pain, pruritus, thrombosis, and bleeding. The asso-
ciated symptoms are thought to be the result of 
abnormal cytokine production by the clonal cells 
and the immune system of the host [48, 49].

Anemia is present in most patients with 
PMF, with ~30% having a HGB <10 g/
dL. Causes of anemia include hemodilution, 
ineffective erythropoiesis, shortened RBC sur-
vival, large spleen, hemolysis, and/or folate and 
iron deficiency. Leukopenia (<4 × 109/L) is 
observed in approximately 10–15% of patients, 
whereas leukocytosis (≥13 × 109/L) may be 
observed in 30–40%. Either thrombocytosis or 
thrombocytopenia can be observed in 15–20% 
of patients, respectively.

Pre-fibrotic stage PMF [50, 46] shows slightly 
less male predominance, younger age, higher 
HGB, higher platelet count, lower white blood 
cell count, and smaller spleen index but higher 
incidence of splenic vein thrombosis. According 
to a large cohort study of 787 patients by the 
cooperative group AGIMM [46], patients diag-
nosed with pre-fibrotic PMF have a median OS 
of 14.7 years vs. 7.2 years in patients with 
fibrotic PMF.

 Morphology
The PB shows leukoerythroblastosis and aniso-
poikilocytosis in patients with overt BM fibro-
sis (Fig. 10.11a). In pre-fibrotic PMF, the PB 
may not have significant findings (Fig. 10.11b). 
There is usually no dysgranulopoiesis. The 
majority of the patients with PMF are diag-
nosed at fibrotic stage. Atypical megakaryo-
cytic hyperplasia and bone marrow fibrosis are 
the morphologic hallmarks of PMF and are 
required for establishing the diagnosis. The 
megakaryocytes of PMF are typically pleomor-
phic and include small, hypolobated, and 
hyperchromatic forms as well as large hyper-
chromatic forms with abnormally folded 
nuclei, high nuclear/cytoplasmic ratio, and 
nuclear hyperchromasia (Fig. 10.12a, b). 
“Naked” megakaryocytic nuclei are frequently 
appreciated on bone marrow aspirate smears. 
Granulocytic hyperplasia is present, and there 
is progressive depletion of erythroid precursors 
as the disease advances. Sometimes the BM is 
almost depleted of hematopoietic cells, with 
only small islands of hematopoietic precursors 
within the vascular sinuses. Mild dyserythro-
poiesis may be seen in PMF, particularly in the 
advanced stages of disease, or in patients 
treated with hydroxyurea. Lymphoid aggre-
gates are often present. Osteosclerotic changes 
are variably seen, including scalloping of oste-

a b

Fig. 10.11 Primary myelofibrosis (PMF), peripheral 
blood findings. (a) In PMF with significant fibrosis (MF2 
and MF3), PB shows leukoerythroblastosis and anisopoi-

kilocytosis of red blood cells. (b) In PMF with MF0 or 
MF1 (pre-fibrotic), the PB smear is often unremarkable. 
One basophil is in noted in this microscopic field
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oid seams, mosaic changes, and increased 
thickness or volume of bone trabeculae with 
periosteal collagenous fibrosis (Fig. 10.12c, d).

Although the changes in pre-fibrotic PMF are 
less dramatic than fibrotic PMF, they are different 
from a reactive process and can be distinguished 
from other types of MPNs (Fig. 10.13). The BM 
is usually hypercellular for age with myeloid 
hyperplasia, which shows a predominance of 
metamyelocytes, bands, and segmented neutrophils. 
Megakaryocytes are abnormal, often hyperchro-
matic with bulbous, “cloud-like,” or “balloon-
shaped” nuclei and naked megakaryocytic 
nuclei, similar to those observed in fibrotic 
PMF. Megakaryocytes form dense clusters that 
are frequently adjacent to BM vascular sinuses 

and the bone trabeculae. Lymphoid aggregates 
are seen in about 20% of cases.

The degree of fibrosis correlates closely with 
disease progression. Reticulin stain should be 
performed in all cases, and trichrome should be 
performed in cases suspected to have MF2 or 
MF3 fibrosis. The criteria [51] by the European 
consensus on myelofibrosis are shown in 
Table 10.4. In some cases, fibrosis may be 
patchy and heterogeneous, and the recommen-
dation is to score the highest fibrotic areas that 
involve at least 30% of BM. Grading is not only 
required at the time of diagnosis but also in the 
sequential follow-up BM biopsies in order to 
assess disease progression and response to 
treatment.

a b

c d

Fig. 10.12 Primary myelofibrosis (PMF), bone marrow 
biopsy findings. (a) In PMF with significant fibrosis (MF2 
and MF3), BM cellularity can be variable, showing a 
megakaryocytic proliferation in a fibrotic background (a). 
Megakaryocytes are pleomorphic and include small, 
hypolobated and hyperchromatic forms as well as large 

hyperchromatic forms with abnormally folded nuclei, 
high nuclear:cytoplasmic ratio and nuclear hyperchroma-
sia (b). In some cases, osteosclerosis may be marked (c). 
Megakaryocytes are increased despite the low overall cel-
lularity. Masson-trichrome stain highlights periosteal col-
lagenous fibrosis (d)
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Progression to AML occurs in ~20% of 
patients and is associated with very poor out-
comes. Other causes of death include cardiovas-
cular events and complications of cytopenia 
including bleeding and infection [48, 52].

 Immunophenotype
Cases of PMF, particularly in the fibrotic stage of 
disease, exhibit immunophenotypic alterations 
both in the CD34+ myeloid blasts [decreased 
CD38; increased CD13, CD123, and CD117; 
altered CD45/SSC; aberrant expressions of lym-
phoid markers such as CD2, CD5, CD7, CD19, 
and CD56] and abnormalities in myelomonocytic 
cells [53, 18]. There is significant overlap 
between the immunophenotypic alterations seen 
in PMF and MDS [18].

Table 10.4 Myelofibrosis grading in primary 
myelofibrosis

Grade Description

MF0 Scattered linear reticulin with no 
intersections (crossovers)
corresponding to normal bone marrow

MF1 Loose network of reticulin with many 
intersections, particularly in perivascular 
areas

MF2 Diffuse and dense increase in reticulin 
with extensive intersections, occasionally 
with focal bundles of thick fibers mostly 
consistent with collagen, and/or focal 
osteosclerosis*

MF3 Diffuse and dense increase in reticulin with 
extensive intersections and coarse bundles 
of thick fibers consistent with collagen,
usually associated with osteosclerosis*

* If fibrosis is uneven, score the highest grade area that 
constitutes ≥30% assessable areas

a b

c d

Fig. 10.13 Pre-fibrotic primary myelofibrosis (PMF), 
bone marrow findings. In pre-fibrotic PMF (MF0 and 
MF1), BM cellularity is usually high and there is a mega-
karyocytic proliferation without significant fibrosis on 
H&E stained sections. Focally, megakaryocytes form 
dense clusters (a). Megakaryocytes are pleomorphic with 

a predominance of large forms with mild nuclear hyper-
chromasia and a few small forms (b). Reticulin stain 
shows minimal to mild fibrosis(c). Due to the absence of 
significant fibrosis, bone marrow aspirate is often ade-
quately cellular; here it shows myeloid hyperplasia, with 
no dyspoietic changes (d)
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Quantification of circulating CD34+ blasts 
has shown to correlate with myeloid metaplasia 
(extramedullary hematopoiesis) and prognosis. 
The presence of ≥0.1 × 109/L CD34+ cells 
 correlates with shorter survival, leukemic trans-
formation, and clinical pro gression. However, 
this significance is questionable when other con-
founding factors are co-analyzed.

 Cytogenetics and Molecular Genetics
Approximately one third of PMF cases show 
numeric or structural chromosomal abnor-
malities. The most common alterations include 
del(20q), del(13q), trisomy 8, and trisomy 
9 and alteration of chromosome 1 including 
duplication 1q. Other less frequent abnormali-
ties are also seen including monosomy 7 or 
del(7q), del(5q), del(12p), +21, and der(6)t(1;6)
(q21;p21.3). Isolated abnormalities of del(20q) 
or del(13q) are favorable cytogenetic findings, 
while other chromosomal abnormalities are 
unfavorable [54].

Somatic mutations in JAK2 (65%), CALR 
(25%), and MPL (10%) are driver events in the 
pathogenesis of PMF. Approximately 10–15% 
of PMF cases are wild type for all three 
genes and are designated as “triple-negative” 
PMF. Some triple-negative PMF cases have 
been shown to have gain-of-function muta-
tions (e.g., MPL p.S204P and MPL p.Y591N) 
by whole exon sequencing [55]. CALR muta-
tions are associated with younger age, less pro-
found anemia, a higher platelet count, lower 
DIPSS-plus scores (see below), and distinctive 
megakaryocytic morphologic features [56, 57]. 
Other recurrently mutated genes involve vari-
ous cellular mechanisms including the spliceo-
some machinery [SRSF2 (17%), SF3B1 (7%)], 
pre-mRNA processing [U2AF1 (16%)], DNA 
transcription [ASXL1 (13%)], histone methyla-
tion [EZH2 (7%)], DNA methylation [DNMT3A 
(7%)], epigenetic regulation [IDH1/2 (4%)], 
and tumor suppression [TP53 (4%)]. Mutation 
features known to be associated with infe-
rior patient outcomes include nullizygosity 
for JAK2 46/1 haplotype, low JAK2 p.V617F 
allelic fraction, and ASXL1, EZH2, IDH, and 

SRSF2 mutations [48, 58–65]. Patients with 
mutant CALR and wild-type ASXL1 have the 
longest overall survival (median 10.4 years), 
whereas patients with wild-type CALR and 
mutant ASXL1 have the shortest overall sur-
vival (median 2.3 years) [66].

 Differential Diagnosis
The BM of PMF is morphologically abnormal, 
and with the identification of JAK2, CALR, and 
MPL mutations, it is usually not difficult to dif-
ferentiate from a reactive process. Autoimmune 
myelofibrosis is a rare inflammatory entity that 
can present with cytopenias and significantly 
increased BM reticulin fibrosis; it can occur in 
patients with or without an established diagnosis 
of a systemic autoimmune disease [67, 68]. 
Unlike PMF, the megakaryocytes in autoimmune 
myelofibrosis are morphologically unremark-
able, and JAK, MPL, and CALR mutations are 
absent (Fig. 10.14).

Pre-fibrotic phase PMF versus essential 
thrombocythemia can pose a diagnostic chal-
lenge, but the distinction carries significant prog-
nostic implications [69]. Careful evaluation of 
bone marrow morphology is required to make 
this distinction. The morphologic features of 
both entities are illustrated and compared in 
Chap. 8. In brief, unlike the large, mature-appear-
ing, and hyperlobulated megakaryocytes of ET, 
the megakaryocytes of PMF frequently exhibit 
marked variation in size and shape and include 
hyperchromatic forms with aberrant maturation 
and abnormal nuclear lobation. In addition to the 
different megakaryocytic morphologies, pre-
fibrotic PMF often shows an increased cellular-
ity, granulocytic hyperplasia, and left-shifted 
granulocytic maturation in the peripheral blood. 
These features are unusual for ET and should 
raise suspicion for PMF [70].

Post-polycythemia vera and essential 
thrombocythemia myelofibrosis are essentially 
indistinguishable from fibrotic PMF [71], mor-
phologically and prognostically. The original 
cellular composition (panmyelosis in PV and 
megakaryocytic hyperplasia in ET) may be 
focally retained in some post-PV/ET MF biop-
sies; however, they are not very reliable. The key 
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is to have a documentation of prior PV and ET. Of 
note, the finding of a fibrotic BM is not sufficient 
to diagnose post-PV and post-ET myelofibrosis, 
as patients need to meet at least 2 of 4 co-cri-
teria, including anemia, leukoerythroblastosis, 

increased splenomegaly ≥5 cm, or newly devel-
oped constitutional symptoms (Table 10.5).

Myelodysplastic syndromes with fibrosis 
(MDS-F) versus PMF can be diagnostically 
challenging. Morphologically, some MDS-F 
cases closely resemble PMF with respect to BM 
morphology showing a proliferation of pleo-
morphic megakaryocytes with clustering in a 
fibrotic background (Fig. 10.15). Additionally, 
the aspirate smears are often suboptimal lead-
ing to suboptimal assessment for dysplasia. 
Conversely, PMF may exhibit some dyspoietic 
changes. The following features are helpful in 
this distinction [72, 73]: (1) MDS-F often pres-
ents with pancytopenia, and cytopenias are usu-
ally severe; in contrast, pancytopenia in fibrotic 
PMF is uncommon, which most often presents 
with normal or increased WBC, normal or 
increased platelet count, anemia, and a leuko-
erythroblastic blood picture. (2) JAK2 mutation 
can be seen in about 15–20% of MDS-F; how-

Table 10.5 Diagnostic criteria recommended by 
the International Working Group for Myelofibrosis 
Research and Treatment (IWG-MRT) for post-
polycythemia vera or post-essential thrombocy-
themia myelofibrosis

Required criteria

1 Documentation of a previous diagnosis of 
polycythemia vera (PV) or essential 
thrombocythemia (ET)

2 Bone marrow fibrosis ≥MF2

Additional criteria (two are required)

1 Anemia (below the reference range appropriate 
for age, gender, and altitude)
A. Or sustained loss of requirement of either 
phlebotomy or cytoreductive treatment for PV 
patients
B. A 2 g/dL hemoglobin decrease from 
baseline for ET patients

2 A leukoerythroblastic peripheral blood picture

3 Increasing splenomegaly defined as either an 
increase in palpable splenomegaly of ≥5 cm or 
the appearance of newly palpable 
splenomegaly

4 Development of ≥1 of 3 constitutional 
symptoms: weight loss >10% of body weight 
in 6 months, night sweats, or unexplained fever 
>37.5 °C

5 Increased LDH above reference level (for ET 
patients only)

a

b

c

Fig. 10.14 Autoimmune myelofibrosis. (a) The bone 
marrow biopsy is markedly hypercellular and contains 
lymphoid aggregates. (b) On high magnification, there are 
increased interstitial small lymphocytes and relative ery-
throid predominance. Megakaryocytes are increased and 
they have normal morphology. (c) Reticulin staining 
shows grade moderate reticulin fibrosis
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a b

c d

Fig. 10.15 Myelodysplastic syndrome with fibrosis (MDS-
F). Approximately 10–15% of MDS cases may present with 
significant fibrosis. (a) BM cellularity is usually high, show-
ing many dysplastic megakaryocytes, variable in size includ-
ing many small forms. In contrast to primary myelofibrosis 
(PMF) that often shows an increased myeloid:erythroid 

(M:E) ratio, MDS-F often shows a decreased/reversed M:E 
ratio. (b) Bone marrow aspirate is often hypocellular due to 
dry tap, but shows dyspoietic features in granulocytes and 
erythrocytes. (c) Reticulin stain shows marked fibrosis. (d) 
A high fraction of MDS-F shows aberrant p53 expression 
(strong), which is not common in PMF

ever, MPL and CALR mutations are very 
uncommon. (3) While splenomegaly and mark-
edly increased LDH are almost always seen in 
fibrotic PMF, they are uncommon in MDS-F. 
(4) The presence of ring sideroblasts or muta-
tions in splicing genes such as SF3B1 and the 
lack of JAK2, MPL, or CALR mutations support 
a diagnosis of MDS-F. In addition, a helpful 
clue in making this distinction is the frequent 
presence of TP53 mutations and p53 overex-
pression in MDS with fibrosis, a finding that is 
relatively rare in PMF [73, 74].

Myelodysplastic syndrome/myeloprolifera-
tive neoplasm, unclassifiable (MDS/MPN-U) 
can present with fibrosis in about 20% of 
patients; furthermore, JAK2 P.V617F mutations 
are present in about 20–25% of MDS/MPN-U 
patients. Megakaryocytes may show mixed 

small and large forms and may occur in dense 
clusters, resembling PMF. As discussed under 
the MDS/MPN-U section above, some MDS/
MPN-U may have developed in a background of 
an undiagnosed MPN. The presence of signifi-
cant dysplasia associated with significant 
cytopenia(s) in the BM or blood at the time of 
initial presentation is more in keeping with 
MDS/MPN-U. Mutations in MPL and CALR are 
more in favor of PMF, whereas SETBP1 muta-
tions are more common in MDS/MPN-U. The 
presence of either del(13)(q12–22) or der(6)
t(1;6) (q21–23;p21.3) [75], although not diag-
nostic, is strongly suggestive of PMF.

Myelodysplastic syndromes with isolated 
del(5q) or with inv(3)/t(3;3). A subset of MDS 
may present with cytopenia and thrombocyto-
sis, and they should be included in the differ-
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ential diagnosis in patients presenting with 
hybrid cytopenia and cytosis.

MDS with isolated del(5q) is a unique MDS 
subtype characterized by anemia with deletion 
of the long arm of chromosome 5 as an isolated 
finding or with one additional karyotypic find-
ing, excluding -7 or del(7q). Thrombocytosis is 
present in approximately one third of patients. 
Megakaryocytes are characteristically normal 
or slightly small in size and have monolobated 
or hypolobated nuclei. Dysgranulopoiesis and 
dyserythropoiesis are relatively uncommon 
(Fig. 10.16) [76, 77]. Blasts are less than 5% in 

the BM and <1% in the blood. JAK2 P.V617F 
mutation has been reported in about 6% of 
MDS with isolated del(5q), and these patients 
appear to have particularly prominent throm-
bocytosis. However, the clinical implications 
of this finding are unclear, and a JAK2 muta-
tion should not be used to assign these cases to 
the MDS/MPN category [78]. The features of 
MDS with isolated del(5q) are discussed fur-
ther in Chap. 2.

MDS with inv(3)/t(3;3) is a rare, aggressive 
myeloid neoplasm with high propensity for progres-
sion to AML [79]. A minor subset of patients (~5%) 

a b

Fig. 10.17 Myelodysplastic syndrome with inv(3). 
About 5% of MDS with inv(3) may present with thrombo-
cytosis. Dysmegakaryopoiesis is seen in virtually all 

cases, characterized by the presence of increased small, 
monolobated or bilobated megakaryocytes. (a) Bone mar-
row biopsy and (b) BM aspirate

a b

Fig. 10.16 Myelodysplastic syndrome with del(5q). 
About one third of MDS with del(5q) may present with 
thrombocytosis. Megakaryocytes are characteristically 
normal or slightly small in size and have monolobated or 

hypolobated nuclei. There is no clustering of megakaryo-
cytes (a). Dysgranulopoiesis and dyserythropoiesis are 
uncommon (b)
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present with thrombocytosis. Hepatosplenomegaly 
is seen in approximately 15–20% of patients. Most 
cases exhibit multilineage dysplasia and blasts are 
often increased. Dysmegakaryopoiesis is seen in 
virtually all cases, characterized by the presence of 
increased small, monolobated, or bilobated mega-
karyocytes (Fig. 10.17).

Importantly, while thrombocytosis is common 
in these subtypes of MDS, significant leukocytosis 
may favor a diagnosis of MDS/MPN over MDS 
since del(5q) and inv(3). It is also important to 
note that cases with anemia, thrombocytosis, and 
del(5q), but with one or more features precluding 
assignment to the MDS with isolated del(5q) cat-
egory (such as increased PB or BM blasts, leuko-
cytosis, abnormalities of chromosome 7, or two or 
more additional cytogenetic abnormalities), are 
best considered as MDS/MPN-U.
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T- and NK-Cell Lymphocytosis

Sa A. Wang

 Overview

Peripheral blood (PB) lymphocytosis is one of 
the most common abnormalities encountered in 
clinical hematology laboratory. Lymphocytosis 
is an increase in the number and/or proportion of 
lymphocytes in the blood. The normal ranges of 
lymphocytes in adult patients are about 1.0–
3.0 × 109/L and 20–40%. In adults, absolute lym-
phocytosis is defined as absolute lymphocyte 
count (ALC) greater than 4.0 × 109/L, while rela-
tive lymphocytosis is an increase in the percent-
age of lymphocytes >40%, but ALC is normal. 
In children, the reference ranges differ signifi-
cantly with age and, in general, significantly 
higher than adults. Mayo Clinic laboratory 
reports a normal range of lymphocyte count of 
2.0–11.0 × 109/L (26–36%) at birth, which 
increases over the first 6 months of life, and 
peaks at 6 months to 1 year 1.4–22 × 109/L (47–
77%), then declines over time, and approaches to 
adult range between age 15 and 20 years. The 
reference ranges may vary depending on popula-
tions, individual laboratory, instruments, and 
methods.

In a patient presenting with an increased lym-
phocyte count, a number of factors are important 
for the initial assessment. These include patient 
age, duration of lymphocytosis, clinical signs and 
symptoms, and accompanied cytopenia(s). While 
pediatric lymphocytosis is most commonly 
benign, lymphocytosis in adults requires a more 
diligent workup to exclude a neoplastic process. 
Reactive lymphocytosis is usually self-limiting 
and normalizes after cessation of antigenic stim-
ulus. The most common and well-recognized 
reactive causes include viral infections [1, 2] 
(Epstein–Barr Virus, hepatitis, cytomegalovirus, 
others) and drug reactions. Transient stress lym-
phocytosis is an under recognized form of reac-
tive lymphocytosis, which often resolves in a few 
hours to 1–2 days. It is observed in patients who 
have various medical conditions such as trauma, 
surgery, excessive exercise, sickle cell anemia, 
cardiac events, and intoxication [3, 4]. The poten-
tial causes of reactive lymphocytosis are listed in 
Table 11.1.

Peripheral blood smear review may provide 
useful information in the initial differential diag-
noses [5–7]. Reactive lymphocytosis is predomi-
nantly composed of small- to medium-sized 
lymphocytes that are often pleomorphic with 
blue cytoplasm. Monomorphic lymphocytosis 
is much more concerning for a lymphoprolifera-
tive neoplasm; however, some reactive processes 
may be associated with monomorphic lympho-
cytosis. Neoplastic lymphocytosis often shows 
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abnormal cellular features, such as cleaved or 
“buttock” cells, “flower cells,” “cerebriform” 
cells, or cells with blastic chromatin and distinc-
tive nucleoli. It can be challenging to recognize 
neoplastic lymphocytes in a background of nor-
mal lymphocytes.

Flow cytometry immunophenotyping (FCI) 
is widely available in clinical practice and has 
become an essential tool in the workup of 
patients with lymphocytosis. In patients with 
persistent lymphocytosis, atypical findings on 
peripheral blood smear review, or patients 
with constitutional or B symptoms, organo-
megaly, or associated cytopenia(s), FCI study 
is highly recommended. FCI can characterize 
the lineage of the lymphocytes, assess the 
clonality of B cells, and identify aberrancy on 
T cell/NK cells. In a positive case, FCI helps 
in the further classification of neoplastic lym-
phocytosis. In benign/reactive lymphocytosis, 
FCI not only helps in ruling out a neoplastic 
proliferation but also may provide useful 
information in identifying the underlying 
causes.

Both reactive and neoplastic processes will be 
discussed. This chapter will focus on lymphocy-
tosis primarily involving T cells and NK cells. 
This chapter also includes T-cell lymphoblastic 
leukemia/lymphoma. The characteristic features 
of each entity and their major differential diagno-
ses will be discussed.

 Reactive Lymphocytosis

 Clinical Features
Depends on the underlying causes, patients may 
have different clinical presentations. In patients 
with viral infections, including EBV, CMV, influ-
enza, adenovirus, and HIV, the common symp-
toms associated with lymphocytosis are fever, 
fatigue, sore throat, and general malaise. Some 
patients may have lymphadenopathy and/or sple-
nomegaly. Lymphocytosis in patients with chronic 
infections, such as tuberculosis, brucellosis, or 
secondary syphilis, will have different presenta-
tions depending on the underlying diseases. 
Noninfectious causes include medications, trauma, 
vaccination, postsplenectomy, hypersensitivity 
reaction, smoking, and autoimmune diseases. In 
the study series of stress lymphocytosis in a hospi-
tal setting [3, 4], the common causes are trauma, 
predominantly motor vehicle accidents, followed 
by gynecologic and obstetric diagnoses, psychiat-
ric emergencies, cardiac emergencies, thermal 
injury, seizure disorders, sickle cell disease, post-
operative, acute drug toxicity, acute infection, and 
viral syndrome.

 Morphology
In reactive lymphocytosis, lymphocytes are often 
heterogeneous in appearance. The PB smear 
often shows a diverse spectrum of lymphocytes 

Table 11.1 Potential causes of reactive lymphocytosis

Underlying causes Examples
Infection

• Viral Epstein–Barr virus; cytomegalovirus; adenovirus type 1/2; herpes virus-6; HIV-1 in early 
seroconversion; HTLV-I benign lymphocytosis; mumps, varicella, influenza, hepatitis, 
rubella, roseola, Coxsackie virus B2, poliovirus

• Bacteria Acute infection: bordetella pertussis (whooping cough)
Chronic infection: cat-scratch fever, brucellosis, secondary syphilis, tuberculosis

• Protozoa Toxoplasmosis

• Parasites Babesiosis

Autoimmune Rheumatoid arthritis, vasculitis

Hypersensitivity Drug-induced, such as anticonvulsants

Serum sickness, Vaccination

Stress Post trauma, splenectomy, cigarette smokers, psychiatric emergency, sickle cell disease

Endocrine Hyperthyroidism, Addison’s disease

Malignancy Thymoma, myeloma
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(Fig. 11.1), ranging from small lymphocytes 
with mature chromatin and inconspicuous nucle-
oli to large lymphocytes with abundant clear, 
light blue cytoplasm, or deeply basophilic cyto-
plasm, round to oval nuclei, and prominent 
nucleoli. The cytoplasm may appear to be 
indented by surrounding red blood cells (RBC). 
Circulating immunoblasts and plasma cells may 
also be present. Infectious mononucleosis from 
EBV infection is a classic example that often 
shows many reactive lymphocytes in blood. 
Large granular lymphocytes (LGLs) with azuro-
philic cytoplasmic granules may be significantly 
increased in patients with infection, autoimmune 
disease, drug/medications, or post-hematopoi-
etic stem cell transplant. It can be difficult to dis-
tinguish these reactive processes from T-cell 
LGL leukemia or chronic lymphoproliferative 
neoplasm of NK cells, based on morphology 
alone. Small monotonous lymphocytes, although 
frequently associated with a neoplastic/clonal 
lymphoproliferative disorder, may be seen in 
Bordetella pertussis infection.

 Immunophenotype
The normal reference ranges for lymphocyte sub-
sets have to be established in individual laborato-
ries, considering the factors of age, race, gender, 

as well as geographic location [8, 9]. The refer-
ence ranges can be further affected by nutritional 
status, stress, and underlying subclinical infec-
tions, overall immune status in any given 
“healthy” population [10–12]. In children, both 
the absolute and percentage of each lymphocyte 
subset not only significantly differ from that of 
adults but also vary among different age groups 
[13]. A recent study [9] based on the healthy pop-
ulation from South Florida reported the normal 
ranges of various lymphocyte subsets, and it is 
referenced in Table 11.2. However, the reference 
ranges can be very difficult to apply to patients 
with reactive lymphocytosis. Therefore, it is 
imperative to understand the normal immuno-
phenotype of various lymphocyte subsets.

The immunophenotype of B cells in PB and BM 
is discussed in Chap. 12. For T cells and NK cells, 
the CD4:CD8 ratio varies in the PB (Table 11.2), 
BM, spleen, and lymph nodes, which can be sig-
nificantly skewed to either CD4 or CD8, due to 
the underlying medical conditions. Normal T 
cells express pan T-cell antigens CD2, CD3, CD5, 
and CD7. The majority of them are TCRαβ and 
a minor population is TCRγδ (Fig. 11.2). CD4+ 
T cells have brighter CD3 than CD8+ T cells. 
CD7-negative T cells are a part of normal T cells, 
more commonly negative in CD4 than in CD8 T 
cells [14, 15]. In reactive conditions, a number of 
variations can be seen that include increased CD2 
and variably decreased CD7 on activated CD4+ 
T cells, decreased CD5 on CD8+ large granular 
lymphocytes (LGLs), increased CD3 and absent 
CD5 on gamma/delta T cells, variable expression 
of CD8 on a subset of CD4+ T cells or variable 
expression of CD4 on a subset of CD8+ T cells, 
and absent CD2 expression on a small subset of 
CD4+ or CD8+ T cells. In addition, the immu-
nophenotypic aberrancies that are characteristic 
of T-cell lymphoma can also be seen in T cells in 
patients with no clinical or histologic evidence of 
T-cell lymphoma but are more often encountered 
in lymph nodes than blood and bone marrow [16, 
17]. Normal T-LGL are CD3+, CD2+, CD5slightly 
dimmer+, CD7+, CD8+, CD57+, CD56subset+, 
CD16verydim+, and CD94dim+; CD5-negative T 
cells can be seen in  normal, often more in TCRγδ 
T cells than TCRαβ T cells [18].

Fig. 11.1 Reactive lymphocytosis. Peripheral blood 
smear shows an array of lymphocytes, from small with 
mature chromatin to large lymphocytes with abundant 
light basophilic cytoplasm. Some cells contain azuro-
philic granules
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Fig. 11.2 Reactive γδ T-cells (CD3+ T cells are in blue 
and γδ T-cells in pink). Upper panel: normal γδ T-cells are 
CD3brighter+, CD8 subset+, CD4-negative, CD5-slightly 

dimmer+, CD16 small subset+, CD57subset+, 
CD56subset+, and CD94 subset+. They are small on for-
ward scatter (lower right plot).

Table 11.2 Normal reference ranges of various lymphocyte subset markers in healthy adults and 
adolescents, modified based on a population study of South Florida [9]

Adolescents 
(median, range)

95% confidence 
interval

Adults 
(median, range)

95% confidence 
interval

Age (years) 16 (12–18) 14.8–15.9 38 (21–67) 35.9–40.3

WBC (/μL) 6500 (2900–11100) 5948–7246 6700 (2600–11800) 6363–7069

Lymphocytes (% of total WBC) 35% (27–62) 34–39 32 (18–54) 31–34

Lymphocytes absolute count  
(/μL)

2250 (1263–4253) 2125–2635 2134 (1170–4698) 2021–2262

CD3+ T-cells  
(% of lymphocytes)

73 (49–83) 69–74 78 (65–88) 76–78

CD3+ T-cell absolute count  
(/μL)

1665 (939–2959) 1525–1880 1593 (983–3572) 1543–1730

CD3+CD4+ T cells  
(% lymphocytes)

40% (27–53) 37.5–41.8 47 (26–62) 45.7–48.5

CD3+CD4+ T-cell absolute 
count (/μL)

920 (467–1563) 838–1029 931 (491–2000) 942–1066

CD3+CD8+ T cells  
(% of lymphocytes)

27 (16–40) 25.1–29.1 27 (14–44) 26.4–28.9

CD3+CD8+ T-cell absolute 
count (/μL)

624 (259–1262) 565.7–739.7 522 (314–2087) 544.4–636.6

CD19+ B cells  
(% of lymphocytes)

17.2 (8–31) 15.6–18.8 11.6 (2–27) 11.1–12.8

CD19+ B-cell absolute count  
(/μL)

374 (169–1297) 344.6–479.7 234 (64–800) 231.8–280.8

CD16+CD56+ NK cells  
(% of lymphocytes)

8.5 (3–30) 8.3–13.2 9.3 (2–27) 9.0–10.8

CD16+CD56+ NK-cell absolute 
count (/μL)

198 (59–1178) 187.7–335.7 203 (27–693) 189.6–235.4

CD4:CD8 ratio 1.5 (0.7–2.6) 1.4–1.7 1.7 (0.6–4.4) 1.7–1.9
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 Reactive T-/NK-Cell Lymphocytosis

The majority of reactive lymphocytosis, in abso-
lute numbers, is due to an expansion of T cells. 
Similar to B-cell lymphocytosis, peripheral blood 
smear review should serve as an initial screen 
tool. While reactive lymphocytosis is often poly-
morphic, some cases may show a marked expan-
sion of large granular lymphocyte (LGL) cells. 
These LGL cells are small to medium, with mod-
erate cytoplasm and fine cytoplasmic granules. 
Cells with LGL morphology are composed pre-
dominantly of T-cell LGL cells, NK cells, and 
some TCRγδ T cells. If of any concern, flow 
cytometry study should be performed.

Patients with autoimmune diseases tend to 
have an increased CD4/CD8 ratio, while those 
with acute viral infections often have a decreased 
CD4/CD8 ratio. However, CD4:CD8 ratio can 
vary significantly in any given condition, for 
example, may be high in early HIV infection, 
normalized after seroconversion, and gradually 
drops in patients with persistent infection. A 
marked increased CD4:CD8 ratio (10:1) or a 
markedly reversed ratio should prompt further 
investigation. In the following, reactive T-cell/
NK-cell lymphocytosis will be discussed accord-
ing to the expansion of different subsets of cells.

 Increased T-Cell Large Granular 
Lymphocytes

LGL is a morphologically distinct lymphocyte  sub-
set that is larger than most circulating lymphocytes 
and has characteristic azurophilic granules with 
moderate cytoplasm (Fig. 11.3). In normal adults, 
LGL cells represent up to 10–15% of peripheral 
blood mononuclear cells (PBMCs) and 200–400/
μL in absolute count. Cells with LGL morphology 
can be classified into two distinct lineages as either 
CD3+ CD8+ LGL or NK cells. Both cell types play 
important roles in the immune system antimicrobes. 
LGLs become activated through antigen recogni-
tion and undergo an significant expansion, followed 
by subsequent death through apoptosis upon anti-
gen clearance. NK-cell lymphocytosis will be dis-
cussed separately in the following section.

T-cell LGLs are terminally differentiated 
effector memory T cells that are CD3+, 
CD45RA+, CD62L-neg, and CD57+. T-cell LGL 
expansions can be seen in a number of reactive 
conditions. The major clinical settings are infec-
tions particularly viral infections, autoimmune 
diseases, post splenectomy, an underlying malig-
nancy, certain drugs/medications, and post- 
hematopoietic stem cell transplant (HSCT). 
Recently it has been recognized that in patients 
with chronic myeloid leukemia (CML) and Ph(+) 
acute lymphoblastic leukemia treated with dasat-
inib, a significant expansion of LGLs can be 
observed in about half of the patients. A LGL 
clonal expansion in dasatinib-treated patients is 
associated with early and long-lasting responses 
to tyrosine kinase inhibitor therapy [19, 20]. In 
patients who received allogeneic [21] and autolo-
gous HSCT [22], a LGL expansion that persists 
beyond the early transplantation period can be 
observed in nearly half of the patients [23]. The 
LGL expansions are usually polyclonal or oligo-
clonal and in some cases, clonal. The LGL prolif-
erations in the post-HSCT setting are often 
nonprogressive and self- limiting, and it may be 
associated with thymoglobulin prophylaxis, 
reduced conditioning regimen, and acute and 
chronic graft-versus-host disease (GVHD).

Reactive LGL lymphocytosis is very common 
in patients with autoimmune diseases, especially 
in patients with rheumatoid arthritis; but unfortu-
nately, T-cell LGL leukemia also commonly 
occurs in patients with an underlying autoim-
mune disease. Felty’s syndrome, the triad of 
chronic arthritis, splenomegaly, and neutropenia, 
typically occurs in patients with severe, long- 
standing, seropositive rheumatoid arthritis and is 
often associated with other extraarticular mani-
festations. Some of these patients have been 
found to have a clonal proliferation of LGL meet-
ing the criteria of T-cell LGL leukemia.

Due to significant overlap between LGL leu-
kemia and LGL lymphocytosis, it is important to 
recognize the morphological features and under-
stand the  immunophenotype of normal and reac-
tive T-cell LGL cells in order to identify real 
aberrancies. Normal T-cell LGL cells have small 
round or slightly elongated nuclei and moderate 
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to abundant cytoplasm, with azurophilic granules 
(Fig. 11.3). Reactive LGL expansions are mainly 
seen in peripheral blood and do not show a BM 
infiltrate (see LGL leukemia for detailed illustra-
tion and discussion).

Immunophenotypically, normal/reactive 
T-cell LGL cells are CD2+, CD3+, CD8+, 
CD57+ (showing a spectrum of intensity), CD5 
dimmer+, CD56 small subset+, CD16 very dim+/
negative, CD94 dimmer+, and TCRαβ+ 
(Fig. 11.4). Occasionally, a subset of normal/
reactive LGL cells can show dim/partial CD4 
coexpression with CD8 and should not be inter-
preted as abnormal. In some cases, a small subset 
of LGL cells may show an aberrant immunophe-
notype in a background of reactive T cells; if the 
quantity of this abnormal LGL cells is low, it may 
represent T-cell clonopathy of unknown or unde-
termined significance (TCUS) [24, 25]. TCUS 
may represent a benign end of the spectrum of 
T-cell LGL proliferation with lower frequencies 
of symptoms and signs, rheumatoid serology, and 
treatment requirement.

PCR for TCR gene rearrangement may detect 
a clonal rearrangement in reactive, or oligoclonal 
LGL lymphocytosis, or a clonal LGL prolifera-
tion of unknown significance. Therefore, it 
should not be used as a sole evidence in the diag-
nosis of T-cell LGL leukemia, in the absence of 
morphological, clinical, and flow cytometry 
immunophenotypical support. Flow cytometry 

assessment of expression of Vβ repertoire is use-
ful in the determination of T-cell clonality and 
quantification of the clonal cells [26, 27].

 Increased Reactive TCRγδ T Cells

In healthy adults, γδ T cells constitute only a 
small proportion (1–5%) of the total T-lymphocyte 
pool in blood, and they are preferentially found in 
the spleen and epithelial-rich tissues, such as the 
skin, intestine, and reproductive organs [28, 29]. 
Although the precise function of TCRγδ T cells 
remains unclear, it is postulated that they play a 
sentinel role in both innate and antigen-specific 
mucosal immune responses [30, 31]. TCRγδ T 
cells can be significantly increased (>5% and 
>0.2 × 109/L) in a number of conditions [18] 
including infection/inflammatory diseases, auto-
immune diseases, an underlying malignancy, 
post-HSCT, and postsplenectomy. Increased 
blood TCRγδ T cells have been found in hospital 
workers who are in close contact with tuberculo-
sis [32]. Of autoimmune diseases, increased 
TCRγδ T cells have been found in patients with 
rheumatoid arthritis, immune thrombocytopenic 
purpura (ITP), ankylosing spondylitis, Sjögren 
syndrome, celiac disease, Graves’ disease, multi-
ple sclerosis, pernicious anemia, and autoim-
mune-induced pancytopenia, primary sclerosing 
cholangitis, and autoimmune hepatitis [33]. 

a b

Fig. 11.3 Reactive large granular lymphocytosis. 
Lymphocytes are small to medium in size with moderate 
cytoplasm containing azurophilic granules (a). Some of 

the reactive LGL can show nuclear irregularity; (b) some 
may correspond to γδ T cells or NK cells
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Additionally, increased blood TCRγδ T cells 
have been found in patients with Hodgkin lym-
phoma, diffuse large B-cell lymphoma, myelo-
dysplastic syndromes, and solid tumor [18, 34].

Morphologically, mature γδ T lymphocytes 
are indistinguishable from either B or other 
(TCRαβ) T lymphocytes. Some may contain 
cytoplasmic granules, showing similar morpho-
logical features to T-cell LGL or NK cells 
(Fig. 11.3). Immunophenotypically, TCRγδ T 
cells are CD3bright+, CD2+, CD5+/−, CD7+, 
CD4−, and CD8small subset+ (Fig. 11.2). They 
frequently express cytotoxic antigens, such as 
CD16, CD56, CD57, and CD94, but the expres-
sions are usually partial and heterogeneous, dif-
fering from a true neoplasm (see below γδ T-cell 
LGL leukemia and hepatosplenic γδ T-cell lym-
phoma) in the expression pattern and intensity. In 
reactive conditions, normal γδ T lymphocytes 
may show a partial loss of CD5 expression, or 
decreased CD7 expression [18, 34]. Failure to 

recognize normal γδ T cell immunophenotype 
could lead to an erroneous diagnosis of periph-
eral blood involvement by a γδ T-cell neoplasm.

 Increased Natural Killer (NK) Cells
NK cells represent a small proportion of blood 
lymphocytes and do not express a specific receptor 
for antigens. NK cells are important in tumor sur-
veillance and in the early control of microbial 
infections, including infections with viruses and 
intracellular parasites. A marked relative expan-
sion of NK cells can be seen in various reactive 
conditions. It is well known that NK cells can be 
significantly increased in autoimmune diseases, 
infections, vaccination, malignancies, and thera-
peutic drugs. As mentioned previously, a marked 
expansion of large granular lymphocyte (LGL) 
cells has been reported in patients with BCR-
ABL1+ chronic myeloid leukemia (CML) treated 
with dasatinib, a second- generation tyrosine 

C
D

3 
P

E
-C

y7
-A

CD8 PerCP-Cy5-5-A
C

D
8 

P
er

C
P

-C
y5

-5
-A

CD57 FITC-A

CD57 FITC-A TCR-AB FITC-A CD5 APC-A
C

D
56

 A
P

C
-A

CD57 FITC-A

C
D

16
 V

45
0-

A

C
D

8 
P

er
C

P
-C

y5
-5

-A

C
D

8 
P

er
C

P
-C

y5
-5

-A

102101 103 104 105–102 102101 103 104 105–102 102101 103 104 105–102

102101 103 104 105–102 102101 103 104 105–102 102101 103 104 105–102

105

104

103

102

–101

–102

105

104

103

102

–101

–102

105

104

103

102

–101

–102

105

104

103

102

–101

–102

105

104

103

102

–101

–102

105

104

103

102

–101

–102

Fig. 11.4 Reactive T-cell large granular lymphocytosis 
(CD3+ T cells are in blue). A markedly reversed CD4:CD8 
ratio (upper left); T-cell LGL cells show a variable CD57 
expression (upper middle); a small subset of T-cell LGL 

cells express CD56 (upper right); reactive T-cell LGL 
cells have a very low expression or negative for CD16 
(lower left); they are TCRαβ+ (lower middle) and show a 
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kinase inhibitor. Recently, it is shown [35] that NK 
cells are the dominant LGLs expanded in dasat-
inib-treated patients; and specifically, CMV-
associated adaptive NK cells are responsible for 
the dasatinib- induced NK cell expansion. 
NK-LGL lymphocytosis during dasatinib treat-
ment is associated with superior therapeutic 
responses [36, 37]. In patients who received allo-
geneic HSCT [38], NK cells usually take 
1–2 months to normalize, and they are the first 
lymphocyte subset to return/reconstitute to a nor-
mal level after HSCT, whereas B- and T-cells’ 
recovery often take months to years. NK cells have 
the ability to kill residual malignant cells in the 
very early phase of post-HSCT; and furthermore, 
NK cells are involved in the innate immune 
responses against antimicrobial threats as well as 
the development of adaptive immune responses 
[39]. A marked relative increase in NK cells is 
often observed in the early phase of post-HSCT.

Normal NK cells are surface CD3−, CD2+, 
CD5−, CD7+, CD8small subset+, CD94+, 
CD56+, and CD57subset+ (Fig. 11.5). In PB, five 
NK-cell subpopulations can be defined on the 
basis of their irrelative expressions of CD16 and 
CD56 [40]: (1) CD56bright CD16−, (2) 
CD56bright CD16dimmer, (3) CD56dimmer+ 
CD16−, (4) CD56dimmer CD16bright, and (5) 
CD56−CD16bright. In healthy individuals, popu-
lations (3) and (5) are in very small numbers. 
CD56−CD16bright NK cells often are dramati-
cally expanded in HIV infection. The CD56dimmer 
CD16bright NK cells represent at least 90% of all 
PB NK cells. Up to 10% are CD56bright CD16 
dimmer/negative NK cells. By immunohistochem-
istry, variable numbers of NK cells may show 
reactivity to CD3 staining, depending on the speci-
ficity of the anti- CD3 antibodies in recognizing 
cytoplasmic CD3 epsilon chain. NK cells express 
cytotoxic markers granzyme, TIA1, and perforin. 
NK-cell function is regulated by a series of recep-
tors known as killer immunoglobulin-like recep-
tors (KIRs) and their interaction with HLA ligands 
(Fig. 11.5). KIR antigen expression can be used to 
assess NK-cell clonality in cases where a NK-cell 
lymphoproliferative disorder is suspected.

Reactive lymphocytosis, both T-LGL and NK 
cells, should not show a bone marrow infiltration; 

please refer to the following discussion on T-cell 
LGL leukemia and NK-cell neoplasm for further 
discussion.

 T- and NK-Cell Lymphoproliferative 
Disorders

 T-Cell Large Granular Lymphocytic 
Leukemia
Large granular lymphocytic (LGL) leukemia is a 
clonal expansion of large granular lymphocytes 
(LGLs), either of cytotoxic T lymphocytes 
(CTLs) or natural killer (NK) cells, with a bone 
marrow infiltrate, frequent splenomegaly, and 
cytopenia(s), most commonly neutropenia fol-
lowed by anemia. LGL leukemia is thought to 
arise from chronic antigen stimulation, which 
drives long-term cell survival through the activa-
tion of survival signaling pathways and suppres-
sion of pro-apoptotic signals. However, unlike 
their normal counterparts, leukemic LGL cells 
are resistant to subsequent Fas- mediated activa-
tion-induced cell death [41]. It is postulated that 
following antigen encounter, the dysregulation of 
several signaling pathways and cytokines such as 
interleukin-15, platelet-derived growth factor 
receptor, and signal transducer and activator of 
transcription 3 (STAT3) sustains a constitutively 
active clonal cell population [42]. The recent dis-
coveries [43–45] of somatic mutations in STAT3 
and STAT5B in LGL leukemia further support the 
hypothesis.

NK-type LGL is renamed as chronic lympho-
proliferative disorder of NK cells (CLPD-NK) in 
the 2008 World Health Organization (WHO) and 
has remained unchanged in the 2016 WHO revi-
sion [46]. The rationale is likely due to the diffi-
culty in assessing clonality of NK cells, as well as 
the importance in distinguishing it from aggres-
sive NK cell leukemia. In line with the change, 
T-cell LGL will be discussed here, and CLPD-NK 
will be discussed separately.

 Clinical Features
T-LGL leukemia affects men and women with 
a similar proportion. Patients have a median age 
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of 60 years, and only 20–25% of patients are 
younger than 50 years. Most of the patients with 
T-cell LGL leukemia come to medical attention 
with cytopenia(s), frequently isolated neutropenia. 
Severe neutropenia may lead to recurrent infec-
tions, especially bacterial infection, which occurs in 
15–56% of patients [47, 48]. Pure red cell aplasia 
(PRCA) has been reported in 8–19% of patients, 

and aplastic anemia has also been reported [25, 49]. 
Thrombocytopenia occurs in about 20% of patients, 
and immune thrombocytopenic purpura (ITP) 
is seen at an increased frequency in patients with 
T-cell LGL leukemia. Splenomegaly is observed 
in 25–50% of cases, whereas hepatomegaly and 
lymphadenopathy are very rare [47, 50]. Rheumatoid 
arthritis appears to be the most frequent autoim-
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mune disease associated with T-cell LGL leukemia, 
reported in up to 36% of patients. Serologic abnor-
malities (rheumatoid factor, antinuclear antibody, 
and polyclonal hypergammaglobulinemia) are fre-
quent, even in patients without clinical manifesta-
tion of an autoimmune disease [50, 51]. T-cell LGL 
leukemia is mostly of CD3+CD8+ immunopheno-
type and, occasionally, CD3+CD4+ with or without 
a dimCD8 coexpression. Like CD8+ T-cell LGL 
leukemia, CD4+ T-cell LGL leukemia or clonal 
lymphocytosis is also a consequence of chronic 
antigenic stimulation. However, CD4+ T-cell LGL 
appears to have clinicopathological features that 
are different from classic CD8+ T-LGL leukemia, 
with almost all patients lacking significant cytope-
nias or the association with an autoimmune disease. 
Instead, many patients with CD4+ T-LGL have an 
underlying primary malignancy [52–54].

Rare cases of T-cell LGL leukemia have also 
been reported in the post-HSCT setting [50, 55–
57]. Patients with T-cell LGL leukemia arising in 
the post-HSCT setting generally have the typical 
manifestations of T-cell LGL leukemia such as 
cytopenia, recurrent infections, and splenomegaly. 
A T-cell LGL leukemia is also described in patients 
with a primary malignancy, such as B-cell lym-
phoma or monoclonal B-cell lymphocytosis [58, 
59], monoclonal gammopathy of undetermined 
significance (MGUS), multiple myeloma [25, 
60], solid tumor and myelodysplastic syndromes 
[61, 62]. However, in these settings, the concomi-
tant conditions make it difficult to determine if 
cytopenia(s) are attributed to LGL leukemia; and it 
is uncertain if some of these reported cases are true 
LGL leukemia or an oligoclonal LGL proliferation 
due to underlying chronic antigenic stimulation.

 Morphology
The number of T-cell LGL cells in T-cell LGL 
leukemia, according to the WHO guideline, is 
usually between 2 and 20 × 109/L [63]. From the 
French large cohort study consisting of 229 
patients, lymphocytosis (>4 × 109/L) related to 
the LGL proliferation is observed in more than 
half of patients. However, in individual cases, 
absolute circulating LGL count varied widely, 
ranging from 0.5 × 109/L to 10 × 109/L [50]. The 

determination of the number of LGL cells, 
although not clearly stated in most of the studies, 
likely relied on flow cytometry immunopheno-
type rather than microscopic counting.

Normal or reactive LGL cells in peripheral 
blood often are small to medium in size, with 
abundant cytoplasm, and fine azurophilic gran-
ules (Fig. 11.3). In PB, cells with LGL morphol-
ogy include T-cell LGL cells, NK cells, some 
cytotoxic CD3+CD8+ T cells, as well as some γδ 
T cells. While LGL cells in LGL leukemia can 
resemble normal/reactive LGL cells, in some 
cases, they may exhibit morphological abnormali-
ties. These include reduced cytoplasmic granules, 
reduced amount of cytoplasm, smaller cell size, 
irregular nuclear contours, and condense chroma-
tin (Fig. 11.6). Of note, aggressive NK-cell leuke-
mia/lymphoma and some peripheral T-cell 
lymphoma of a cytotoxic immunophenotype may 
contain cytoplasmic granules, but they are often 
medium to large, with overt abnormal nuclear fea-
tures (convoluted, hyperchromatic, smudgy chro-
matin), and should not be mistaken as LGL cells.

 Immunophenotype
T-cell LGL leukemia consists of  various 
immunophenotypic subtypes (Table 11.3). The 
most common immunophenotype is CD3+, 
CD4-, CD8+ and CD57+, TCRαβ+ (Fig. 11.7). 
Alterations frequently observed are increased 
expressions of CD57 (in over 75% of T-cell LGL 
cells, and bright and uniform) [64] and increased 
CD16. A decreased CD5 expression is also fre-
quently observed. It is important to know that 
normal reactive T-LGL cells generally have a 
dimmer CD5 expression comparing to CD4+ T 
cells and other CD8+ T cells; however, in T-cell 
LGL leukemia, the decrease in CD5 expression 
usually is much pronounced. A complete lack of 
CD5 expression is not common in T-cell LGL 
leukemia but can be rarely seen. Other alterations 
include a complete loss of CD8 [65] and altered 
expression levels of CD2 and CD3. CD56 expres-
sion is generally completely negative in T-cell 
LGL leukemia, unlike normal/reactive T-LGL 
cells that often have a subset of cells positive for 
CD56. However, an uniform expression of CD56 
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can be seen in some T-cell LGL leukemia. It has 
been suggested that CD56+ T-cell LGL leukemia 
is a clinically aggressive variant T-LGL leuke-
mia. However, these reported CD56+ cases are 
all CD57-negative; and a significantly propor-

tion of these cases show cytogenetic abnormali-
ties containing i(7) or i(7q) [66]. It is possible 
that some of these cases represent hepatosplenic 
T-cell lymphoma, TCRαβ variant, with LGL 
morphology. Therefore, it is unclear if a CD56 

a b

c d

Fig. 11.6 Peripheral blood smears of T-cell large granu-
lar lymphocytic leukemia (LGL). (a) Markedly increased 
LGL that are  small- to medium-sized cells with moderate 
cytoplasm containing azurophilic granules, typical LGL 
morphology; however, some features differing from nor-

mal LGL cells may be observed such as reduced cytoplas-
mic granules and irregular nuclear contours (b), small cell 
size (c), and reduced cytoplasm with irregular nuclei (d)

Table 11.3 Immunophenotype of normal T-cell large granular lymphocytes (LGL) cells, T-cell LGL 
leukemia and its immunophenotypical variants

Frequency Common Immunophenotype Common alterations
Normal/reactive 
T-cell LGL

CD3+, TCRαβ+, CD8+, CD4−, 
CD57+, CD56 small subset, 
CD16−/very dim+, CD94dim+

CD5 dimmer than other CD8+ T cells; some 
may have a dim partial CD4 coexpression

LGL leukemia variants

Common type 70% CD3+, TCRαβ+, CD8+, CD4−, 
CD57+

↓CD8 on TCRαβ+ subtype
↑CD8 on TCRγδ+ subtype
Uniform or ↑CD57 expression;
↑CD16;
↑CD56 expression;
Complete loss or markedly ↓CD2, CD5, CD7 
expression

TCRγδ variant 5–15% CD3+, TCRγδ+, CD8−, CD4−, 
CD57+

CD4+ variant 2–4% CD3+, TCRαβ+, CD4+, 
CD8dimer/neg, CD56+, CD57+
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coexpression has any clinical significance in a 
case with an immunophenotype, morphological 
characteristics, and clinical presentation typical 
of T-cell LGL leukemia.

TCR γδ variant T-cell LGL leukemia com-
prised ~10% (5–15%) of all T-cell LGL leuke-
mia [67, 68]. The typical immunophenotype is 

CD3bright+, CD8−, CD4−, CD57+ (Fig. 11.8, 
upper panel), and TCRγδ+. CD56 is often nega-
tive but can be partial/subset+ or positive 
together with CD57. In some cases, the leukemic 
cells may be negative for both CD56 and CD57. 
CD5 is dimmer+ or partial+ and only occasion-
ally completely negative. The critical differential 
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diagnosis is hepatosplenic γδ T-cell lymphoma 
or other γδ T-cell lymphomas, which are 
 clinically aggressive and require different man-
agement. These γδ T-cell lymphomas often show 
a different immunophenotype from γδ LGL leu-
kemia, with a strong uniform CD56 expression, 
absence of CD57, completely lack of CD5, and 
often have very bright CD16 and CD94 
(Table 11.4).

Rare cases of T-cell LGL leukemia are com-
posed of monoclonal CD4+ T cells with dim or 
no coexpression of CD8 (Fig. 11.8, lower panel), 
so-called CD4+ T-cell LGL leukemia [52–54]. 
The typical immunophenotype is CD3+, CD4+, 
CD56+, CD57+, and TCRαβ+, with a variable 
dim CD8 expression. 

The presence of bone marrow infiltrate is 
strongly in favor of a T-cell LGL leukemia over a 
reactive LGL proliferation (Fig. 11.9). The latter 
often shows increased LGL in PB but lack of a 
BM infiltrate. The challenge is what would be 
considered as “a LGL infiltrate” since CD3+ T 
cells are invariably present in a normal bone mar-
row and may be significantly increased in reac-
tive BM. A LGL infiltrate can be very difficult to 

appreciate on H&E stain; and therefore, immuno-
histochemistry stains (IHC) are necessary to 
identify and confirm the presence of the infiltrate. 
CD3, granzyme B, and TIA1 are considered to be 
the basic three IHC markers to identify a T-cell 
LGL infiltrate. Granzyme B stain is excellent to 
identify cytotoxic cells; however, in about 30% 
T-cell LGL leukemia, granzyme B may be aber-
rantly lost or partially lost; therefore, TIA1 stain 
is necessary. TIA1 stains neutrophils but with a 
different pattern from LGL cells, and the latter 
show darker, dot-like, and punctuate staining. 
CD57 is a good flow cytometry marker for T-cell 
LGLs but can be weak by IHC, often, only high-
lights a subset of T-LGL cells, underestimating 
the number of LGL cells. CD4 and CD8 IHC can 
be helpful to show the predominance of CD8+ T 
cells.

In the BM, the LGL infiltrate is often intersti-
tial and with some cells in the sinuses. The intra-
sinusoidal infiltrate component can vary from 
cases to cases, from very minimal to prominent, 
but may not be present at all. The finding of a 
sinusoidal infiltrate by LGL cells is strongly favor 
a neoplastic process (Fig. 11.9) and may correlate 

Table 11.4 Comparison of T-cell large granular lymphocytic leukemia (LGL) and hepatosplenic γδ T-cell 
lymphoma (HSTL)

LGL HSTL
Age 60(12–87) 34(16–58)

Male/female 1:1 5:1

CBC Isolated neutropenia or pure red cell aplasia Pancytopenia is common

Clinical presentations Underlying autoimmune disease or 
autoantibodies, chronic infection

Fever, weight loss, night sweats, and 
fatigue. Hemophagocytosis is common. 
Association with immunosuppression

Organomegaly Mild splenomegaly in 20–50%; hepatomegaly 
rare

Marked splenomegaly in 100%, 
hepatomegaly in 50%

Lymphadenopathy Uncommon Uncommon

Abnormal liver 
function

Uncommon Common

Bone marrow 
infiltrate

Interstitial and or intrasinusoidal linear 
pattern; reactive lymphoid aggregates 
common

Intrasinusoidal/intravascular, with 
expansion of the sinuses

Immunophenotype CD5dim+, CD56−/ or variably+, CD57+, 
CD16/CD94 dim

CD5 often negative, CD56 +, CD57−, 
CD16/CD94 frequently bright+

Cytotoxic granules TIA1+, granzyme B may be lost in about 
30–40% cases

TIA1+, granzyme B often negative

Cytogenetic/mutations Mostly normal/STAT3 in 30-40%, and rare 
STAT5B

i7q, +8/ SETD2, STAT5B, rare STAT3

Clinical course Indolent Aggressive
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with clinical severe cytopenia [69]. However, the 
lack of an intrasinusoidal infiltrate cannot be used 
to rule out T-cell LGL leukemia. The sinusoidal 
infiltrate is linear and does not expand the sinuses. 
This feature is distinctively different from hepato-
splenic T-cell lymphoma, which not only infil-
trates the sinuses but also expands the sinuses 
(Table 11.4). In BM with a T-cell LGL leukemia 
infiltrate, there are often lymphoid aggregates. 
These lymphoid aggregates are not a part of LGL 
leukemic cells; but  reactive lymphoid aggregates, 
which are likely due to frequent association with 
underlying autoimmune diseases. These lym-
phoid aggregates do not contain increased cyto-
toxic T cells.

 Cytogenetics and Molecular Genetics
A minority of cases demonstrate numeric and/or 
structural chromosomal abnormalities involving 
chromosomes 7, 8, and 14 (i.e., inversion, tri-
somy, translocation); however, none of the 
changes is specific for T-cell LGL leukemia [70].

Identification of clonal TCR gene rearrangement 
by PCR helps for a diagnosis of T-cell LGL leu-
kemia. However, due to the promiscuity of a pos-
itive TCR gene rearrangement rearrangement 
result in reactive, oligoclonal proliferation and a 
clonal T-cell population of unknown significance, 

the information should be interpreted in the con-
text of other findings. Furthermore, clonal drift in 
TCR repertoire with a change in the dominant 
clone may be seen in approximately one-third of 
cases over the disease course, illustrating the het-
erogeneity of the disorder [71].

Point mutations in STAT3 are found in around 
30–40%, up to 70% [43–45] patients depending 
on the methods used, lower by capillary sequenc-
ing and higher by amplicon sequencing. 
Interestingly, around 20% STAT3-mutated LGL 
leukemia contain multiple lymphocyte subclones 
harboring different STAT3 mutations [72], illus-
trating the complexity of the clonal landscape of 
LGL leukemia. STAT3 mutations in LGL leuke-
mia are gain-of-function mutations and are able to 
cause leukemic transformation in multiple set-
tings. STAT5B [73] is found in a small subset of 
patients with LGL leukemia; the clinical course of 
patients with STAT5B N642H mutation is aggres-
sive and fatal, clearly different from typical LGL 
leukemia with a relatively favorable outcome.

 Differential Diagnosis
The major differential diagnoses are reactive 
(polyclonal) T-cell LGL lymphocytosis and 
clonal or oligoclonal T-cell LGL expansions in 
patients who may only have mild degrees of 

a b c

Fig. 11.9 Bone marrow biopsy confirms a diagnosis of 
T-cell LGL leukemia. (a) Bone marrow biopsy is unremark-
able on routine H&E histology; a LGL infiltrate is difficult 

to see. (b) CD3 immunohistochemistry highlights a slight 
increase in T cells. (c) Granzyme B highlights the infiltrative 
T-cell LGL cells in a linear intrasinusoidal pattern
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cytopenia(s). The latter cases may represent a 
more benign end of the spectrum of clonal T-cell 
LGL expansions and have been given a name of 
“T-cell clonopathy of unknown or undetermined 
significance” (TCUS). The differential diagnosis 
between reactive T-cell LGL lymphocytosis vs. 
T-cell LGL leukemia becomes even more chal-
lenging in the post solid organ transplant or post 
HSCT or patients with aplastic anemia treated 
with immunosuppressant. In these settings, 
patients with reactive LGL lymphocytosis often 
have cytopenia(s) and various clinical symptoms 
related to underlying medical conditions, and, the 
expansion of LGL cells may last for a prolonged 
period of time [23]. In a substantial number of 
these cases, TCR PCR study [23] may be positive 
for a clonal rearrangement. In clinical practice, a 
definitive diagnosis is difficult and many of these 
patients are given a diagnosis of “LGL lympho-
cytosis vs. LGL leukemia,” due to the uncertainty 
of the biological behavior of these LGL cells.

Recently, based on a largest series of LGL leu-
kemia published by the French group [50], an 
algorithm in the diagnosis of LGL leukemia has 
been proposed [51]. Of note, the requirement of 
LGL cell count is only 0.5 × 109/L or more, much 
lower than what recommended by the WHO cri-
teria [46] of 2–20 × 109/L. A BM examination is 
only recommended if clonal LGL cells are 
<0.5 × 109/L. This algorithm can be used as a ref-
erence; however, as discussed above, LGL can be 
significantly increased in reactive conditions or 
TCUS where TCR gene rearrangement can be 
demonstrated by PCR in a reactive LGL lympho-
cytosis; and on the other hand, cytopenia(s) can 
attribute to other underlying medical conditions. 
To establish a diagnosis of LGL leukemia at the 
first time, the LGL proliferation has to be persis-
tent, substantially increased (a requirement of 1-2 
× 109/L is more appropriate), demonstrate immu-
nophenotypical aberrancies in addition to PCR 
TCR clonality, and associated with clinical 
symptoms. A neoplastic LGL process almost 
always shows an infiltrate in BM; whereas, a 
reactive process should not. Therefore, a BM 
biopsy with immunohistochemistry study is 
highly recommended to confirm a diagnosis of 
LGL leukemia. (Fig. 11.9).

 Chronic Lymphoproliferative 
Disorder of NK Cells (CLPD-NK)

The WHO 2008 category of chronic lymphop-
roliferative disorder of NK cells (CLPD-NK) 
likely comprises a broad spectrum of NK-cell 
LGL expansions, ranging from reactive to 
monoclonal/neoplastic disorders. These disor-
ders have been previously given a number of 
names, such as chronic NK-cell lymphocytosis, 
chronic NK-cell LGL or NK-cell LGL lympho-
cytosis, etc. This is largely due to the lack of a 
universal and specific marker for NK-cell clon-
ality to reliably differentiate a reactive (poly-
clonal/oligoclonal) from (mono)clonal 
proliferation of NK cells.

CLPD-NK comprises approximately 5% of 
all patients with LGL leukemia. The pathogene-
sis is very similar to T-cell LGL leukemia, likely 
due to dysfunctional activation of survival path-
ways and the evasion of apoptosis with antigen 
stimulation. Constitutive activation of the Ras/
MEK/ERK pathway has been found in many 
patients with CLPD-NK [74]. Activating muta-
tions in STAT3 [43] are detected in approxi-
mately 30% of these patients, similar to T-LGL 
leukemia.

 Clinical Features
Patients with CLPD-NK have a very similar 
indolent clinical presentation as T-cell LGL leu-
kemia. However, patients with CLPD-NK are 
less symptomatic and less likely associated with 
rheumatoid arthritis [50, 51, 75]. In contrast, 
autoimmune cytopenias, such as pure red cell 
aplasia, aplastic anemia, and mild thrombocyto-
penia, may be more frequently present in 
CLPD-NK, but the severity of neutropenia is 
often less than in that of T-cell LGL leukemia. 
Associations with vasculitis, including acute 
glomerulonephritis, urticarial vasculitis, and 
cutaneous polyarteritis nodosa, have been 
reported. Most patients have an indolent course, 
and without treatment, the number of circulating 
PB NK cells usually remains stable for a long 
period of time, and some cases have even been 
reported to show spontaneous regression [76].
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 Morphology
The cells of CLPD-NK are morphologically 
indistinguishable from T-cell large granular lym-
phocytes. They are generally small to median, 
having moderate cytoplasm with a few granules. 
Similar to T-cell LGL leukemia, they may show 
some morphological atypia, such as reduced gran-
ules, reduced cytoplasm, and irregularity of 
nuclear contours, differing from normal NK cells.

 Immunophenotype
Normal NK cells are sCD3−, CD2+, CD5−, 
CD7+, CD8 subset+, CD16+, CD56+, CD57 
small subset+, and CD94+. Normal NK cells are 
generally CD38 bright+ and HLADR-negative. 
Clonal CLPD-NK shows an aberrant immuno-
phenotype in nearly all patients [77, 78]. In the 
majority of LGL-NK cell type or CLPD-NK 
(Fig. 11.10), the typical immunophenotype is 
sCD3−, CD2+, CD5−, CD7+, and CD8 either 

negative or uniformly+. Decreased or absent of 
CD56 expression is seen in about 50–60% cases 
and increased CD57 expression in about 60% 
cases. Other aberrancies frequently observed 
include decreased CD7; increased CD2, dis-
tinctly bright CD16 and CD94; or decreased or 
diminished CD16. Other changes include 
increased HLADR, granzyme B, and perforin 
and decreased CD38 and CD11b. Some NK-LGL 
can show an aberrant loss of granzyme B.

Killing inhibitory receptors (KIRs) of NK 
cells bind to major histocompatibility complex 
(MHC) class I molecules expressed on potential 
target cells to regulate effector cell activity. KIR 
antigens, CD158a, CD158b, and CD158e, can be 
assessed by flow cytometry to provide informa-
tion of NK-cell clonality. Restricted expression 
of a single KIR isoform indicating a clonal NK 
cell expansion is reported in about 30–40% of 
clonal NK-CLPD cases. In the rest of the two- 
thirds of cases, they may show completely absent 
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Fig. 11.10 Chronic lymphoproliferative disorder of NK 
cells (CLPD-NK) (T cells in blue and NK cells in brown). 
The NK cells are CD3−CD5−CD2+CD56+ but show 

aberrant uniform expressions of CD8, decreased CD7 and 
CD16, and increased CD94. A few normal NK cells are in 
the background (grey) for comparison.
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of CD158a, CD158b, or CD158e expressions, 
indicating the presence of a clonal NK-cell pro-
liferation with a KIR expression not detected by 
the antibodies used. It is reported [77] that in NK 
cell proliferations with the absence of KIR anti-
gen expressions, a threshold of 7% of 
CD158a+CD158b+CD158e cells separates a 
clonal NK cell proliferation (≤7%) from non- 
clonal NK cell lymphocytosis (>7%). However, 
this value has to be validated in individual labora-
tories; and the assumption of clonality in the 
absence of KIR antigen expressions should be 
used in conjunction with other immunopheno-
typical aberrancies.

Essentially, with the assessment of KIR anti-
gens by CD158a/b/e, all clonal CPLD-NK should 
demonstrate immunophenotypic aberrancies.

 Cytogenetics and Molecular Genetics
In the majority of the CLPD-NK cases, karyo-
type is normal [79, 80]. Del(16q) has been 
reported in some patients [81].

A clonal NK cell proliferation does not show 
TCR gene rearrangements. The methods for 
NK-cell clonality assessment include the assess-
ment of the pattern of inactivation of the 
X-chromosome (e.g., the human androgen recep-
tor assay (HUMARA) [82], restricted (or aber-
rant) expression of a single isoform of KIR 
receptors [78, 80, 83], and, more recently, the 
presence of STAT3 mutations (approximately 
30–40% cases) [43]. However, these approaches 
have only proved to be helpful in a fraction of 
patients with chronic NK-cell expansions and 
some cases show inconclusive results.

 Differential Diagnosis
The major differential diagnosis is reactive 
polyclonal NK cell lymphocytosis. This should 
follow the similar approach for differentiat-
ing T-cell LGL leukemia from reactive T-cell 
LGL lymphocytosis. Clonal CLPD-NK should 
have accompanied clinical symptom, an aber-
rant immunophenotype with an abnormal KIR 
expression pattern, as well as a BM infiltrate. 
In addition, patients with clonal CLPD-NK 

have a higher lymphocyte count with more than 
3 × 109/L lymphocytes in almost all cases, as 
well as a higher absolute count of NK cells. NK 
cell lymphocytosis is persistent in clonal CLPD 
and may increase over time, contrasting to reac-
tive NK-cell lymphocytosis that the lymphocyte 
count often decreases and returns to normal after 
a median follow-up of 24–36 months. Although 
some reactive/polyclonal NK cell cytosis may be 
persistent over a prolonged period, there are often 
not associated with clinical symptoms.

The other differential diagnosis is aggressive 
NK-cell leukemia, which is a highly aggressive 
hematological malignancy with a poor prognosis. 
The comparisons of their clinical, laboratory, mor-
phological, and immunophenotypical features with 
CLPD-NK are shown in Table 11.5, following the 
discussion of aggressive NK-cell leukemia.

An algorithm in the workup of T-cell LGL 
leukemia and CLPD-NK is illustrated in 
Fig. 11.11.

 Aggressive NK-Cell Leukemia

Aggressive NK-cell leukemia (ANKL) is a very 
rare and extremely aggressive neoplasm. It has 
been given a number of different names in the 
past, including “lymphoma of large granular 
lymphocytes,” “leukemia of non-T lineage natu-
ral killer cells,” “CD56 + NK lymphoma,” “CD3-
negative large granular lymphocyte leukemia,” 
“aggressive nodal cytotoxic lymphoma of natural 
killer cell type,” etc.

ANKL [84–86] has a higher prevalence 
among Asians. It is also encountered among 
indigenous populations in the Americas. Men 
and women are equally affected, and the dis-
ease usually manifests in the third or fourth 
decades of life. It has a strong association 
with EBV infection, which is considered as a 
part of disease definition. However, EBV-
negative ANKL has been described [87]. 
Patients with EBV-negative disease tend to be 
older (median age 63 years), with a high inci-
dence in non-Asian patients in western coun-
tries, but have a similar aggressive fulminant 
clinical course.
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Table 11.5 Comparison of chronic lymphoproliferative disorder of NK cells (CLPD-NK) with 
aggressive NK-cell leukemia

CLPD-NK Aggressive NK-cell leukemia
Age 60 years 30–40 years

Male: female 3:1 1:1 to 2:1

Complete blood count 
(CBC)

Isolated cytopenia, anemia, 
thrombocytopenia, or neutropenia

Pancytopenia is common; some patients with a 
high WBC due to circulating tumor cells

Clinical presentations Underlying autoimmune disease or 
autoantibodies common

Fever, constitutional symptoms, acutely ill. 
Hemophagocytosis is common

Organomegaly Mild splenomegaly in 20–50%; 
hepatomegaly rare

Hepatosplenomegaly or isolated hepatomegaly or 
splenomegaly, seen in almost all patients

Lymphadenopathy Uncommon Common

Other presentations Cytopenia related symptoms CNS involvement, liver, gastrointestinal, and lung

LDH, liver transaminase Normal Elevated in the majority of cases

NK cell Cytology Small, with round to slightly 
elongated nuclei, moderate 
cytoplasm with azurophilic 
granules

Often large, pleomorphic; some can be 
monotonous. Chromatin is often slightly 
immature. Some may have nucleoli. Cytoplasm 
has variable azurophilic granules, but some may 
not have visible granules

Bone marrow infiltrate Interstitial and intrasinusoidal 
linear pattern

Interstitial, diffuse, rarely intrasinusoidal
Hemophagocytosis is seen in almost one-third of 
patients

Immunophenotype sCD3−, CD4−, CD5−, TCR−
Often CD57+, CD56−/dim+
Often CD16+
Often CD7+

sCD3−, CD4−, CD5−, TCR−
Often CD56 bright+ and CD57 negative
CD16 dim+ or negative
CD7dimmer+ or negative

EBER Negative Positive in >90% patients

Cytogenetic Mostly normal Abnormal in at least two-thirds, with frequent a 
complex karyotype

Clinical course Indolent Aggressive, fatal

•  Splenomegaly
•  Cytopenias
•  Lymphocytosis with increased LGLs
•  Autoimmune conditions

T-cell colonopathy of
undetermined significance 

Flow cytometry shows abnormal
or markedly increased LGLs 

T-cell immunophenotype

LGL leukemia

NK-cell immunophenotype

TCR clonality by PCR or Vβ
clonality by flow cytometry

KIR expression by flow
cytometry 

Positive for an aberrant
and/or clonal population 

PB LGLs >1 x 109/L

PB LGLs <1 x 109/L BM biopsy with LGL infiltrate

Yes

No

Fig. 11.11 A suggested algorithm in the workup of LGL proliferation. Modified according to Lamy T et al. Blood. 
2011;117(10):2764–74 and Lamy T et al. Blood, 2017, 129(9):1082-1094

S.A. Wang



299

 Clinical Features
Patients usually are extremely ill, with fever and 
other systemic symptoms, hepatosplenomegaly, 
pancytopenia, and abnormal liver function. Some 
patients have a high white cell count due to the 
presence of circulating tumor cells. There is fre-
quent CNS involvement. Other systemic involve-
ment includes lung and gastrointestinal tract. 
Skin involvement can be seen, but not as  common 
as nasal NK-/T-cell lymphoma. Serum levels of 
LDH and Fas ligand (FasL) are often markedly 
increased. Increased levels of aspartate amino-
transferase (AST) and alanine aminotransferase 
(ALT) can be seen in about two-thirds of patients. 
Hemophagocytic syndrome is frequently present 
at the time of diagnosis or during the course of 
the disease, as a result of uncontrolled monocyte/
macrophage activation in response to cytokines 
produced by the neoplastic NK cells. The disease 
course is fulminant; with multiorgan failure and 
disseminated intravascular coagulation, death 
usually occurs within a few weeks.

 Morphology
Aggressive NK-cell leukemia cells could be 
quite variable in size and appearance. In some 
patients the leukemic cells are pleomorphic, 
larger with more open chromatin and distinct 
nucleoli. Some patients have blast-like mor-
phology with monotonous, medium-sized lym-
phocytes that have fine chromatin and coarse 
azurophilic granules. However, in other patients, 

the cells have been described similar to LGL 
cells that the cytoplasm often contains variable 
numbers of azurophilic granules; and, in some 
cases, tumor cells may not have visible cytoplas-
mic granules (Fig. 11.12).

The BM involvement can be variable, from a 
massive infiltrate to a subtle involvement. The 
infiltrative pattern is often interstitial, followed 
by a diffuse, focal, and rarely intrasinusoidal pat-
tern. Angiocentricity may be seen in some cases. 
Hemophagocytosis can be identified in a signifi-
cant subset of patients, with increased mature 
histiocytes containing red blood cells or nucle-
ated cells.

 Immunophenotype
The tumor cells are negative for surface CD3 and 
CD5 and positive for CD2, CD56, and CD94. 
CD57 is generally negative (in over 90% cases). 
CD56 is generally bright and CD16 dimmer+ or 
lost. CD8 is often negative but can be uniformly 
positive in rare cases. A decrease or loss of CD7 
expression is common. HLADR is often brightly 
positive. Other alterations include loss or 
decreased expression of CD11b and CD38. 
Granzyme B and TIA1 are generally positive 
[88], whereas perforin expression is decreased in 
approximately half of the patients. CD158a/h, 
CD158b, and CD158e are entirely lost in 70–75% 
of the patients, and a positive expression is only 
seen in about 20–25% cases. sCD3, CD4, CD5, 
TCRαβ, and TCRγδ are consistently absent.

Fig. 11.12 Aggressive NK cell leukemia in the periph-
eral blood. (Left) The tumor cells have moderately abun-
dant cytoplasm with azurophilic granules. However, these 

cells are much bigger than normal, reactive, or clonal 
large granular lymphocytes. (Right) They are EBER posi-
tive (performed on blood clot by in situ hybridization)
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EBER in situ hybridization should be per-
formed in all cases, and >90% cases are EBER+.

 Cytogenetics and Molecular Genetics
Clonal cytogenetic abnormalities are detected in 
approximately two-thirds of cases, including a 
frequent complex karyotype but nothing specific. 
The most common abnormalities are in chromo-
some 13 and 11 (38.5%), and others include +8, 
–19, –21, +1, and +2. Del (6q) has been reported 
in nasal or nasal-type NK lymphoma but uncom-
mon in aggressive NK-cell leukemia. STAT3 and 
STAT5B mutations have been reported. TCR has 
a germ-line configuration.

 Differential Diagnosis
One of the differential diagnoses is CLPD-NK, 
especially for EBER-negative aggressive NK-cell 
leukemia. The detailed clinicopathological fea-
tures are illustrated in Table 11.5. The other most 
challenging diagnosis is nasal or nasal-type 
extranodal NK-/T-cell lymphoma (ENKTL) that 
is often also EBER+. Hemophagocytosis can 
occur in ENKTL as well. The immunophenotype 
(NK-cell type) of ENKTL is very similar to 
aggressive NK-cell leukemia. However, unlike 
aggressive NK-cell leukemia, patients with 
ENKTL often do not have a systemic leukemic 
presentation, and the CBC is often normal or near 
normal. Peripheral blood involvement is uncom-
mon. BM involvement is essentially 100% in 
aggressive NK-cell leukemia but less than 50% in 
ENKTL cases. In contrast, patients with ENKTL 
almost always present with mass lesions, most 
commonly nasal lesions, followed by testicular 
and skin involvement. Additionally, liver func-
tion tests and coagulation studies that are often 
abnormal in aggressive NK-cell leukemia but are 
often unremarkable in patients with ENKTL.

 Hepatosplenic T-Cell Lymphoma

Hepatosplenic T-cell lymphoma (HSTL) is an 
aggressive T-cell lymphoma, characterized by a 
primary extranodal involvement of medium- sized 
lymphoid cells, typically with a sinusoidal infiltra-
tion of the liver, spleen, and bone marrow. Patients 

often present with hepatosplenomegaly, periph-
eral blood cytopenia(s), and other related systemic 
symptoms [89]. Most cases are of γ/δ T-cell ori-
gin, and a small subset is of α/β T-phenotype.

Chronic antigen stimulation in the setting of 
immune deficiency or immune dysregulation 
might be important in the pathogenesis of HSTL 
[89, 90]. About 20% patients are immunosup-
pressed, such as solid organ transplant recipients 
[91] or patients with leukemia receiving chemo-
therapy. Some patients have a history of autoim-
mune disease, such as lupus and rheumatoid 
arthritis, or inflammatory bowel disease treated 
with tumor necrosis factor α inhibitors and 
immunomodulators [92], or viral infections.

The lymphoma is resistant to current chemo-
therapeutic regimens and has a rapidly progressive 
disease course. The diagnosis is usually established 
based on the combination of clinical  findings, his-
tologic features, and immunophenotyping result.

 Clinical Features
Hepatosplenic T-cell lymphoma, TCRγ/δ sub-
type, occurs predominantly in adolescents and 
young adults, with a median age of 35 years 
(range, 15–65 years). Male to female ratio is 
about 9:1 [93]. Patients often present with fever, 
fatigue, weight loss, and abdominal discomfort 
due to hepatosplenomegaly and, sometimes, with 
jaundice because of liver involvement [91]. 
Lymphadenopathy is usually absent. Patients with 
HSTL of TCR α/β subtype show a similar clinical 
presentation, including frequent B symptoms, 
splenomegaly, hepatomegaly, lymphadenopathy, 
anemia, thrombocytopenia, leukopenia, leukocy-
tosis, and bone marrow involvement; however, 
there is a female predominance and a bimodal age 
distribution, occurring in pediatric patients and 
patients older than 50 years of age [94]. HSTL of 
TCR α/β subtype may be more aggressive.

Peripheral blood often shows pancytopenia or 
bicytopenia(s) (anemia and thrombocytopenia). 
Cytopenia(s) may be a combination of hypersplen-
ism, BM infiltrate, or abnormal cytokine release 
by tumor T cells with or without an underlying 
hemophagocytosis. Patients usually do not have 
peripheral lymphocytosis at initial presentation; 
however, a small population of circulating neo-
plastic lymphocytes may be seen at the presenta-
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tion in approximately 50% of patients. Circulating 
tumor cells may increase as disease progresses. 
Other abnormal data include elevated serum liver 
transaminase and alkaline phosphatase. Patients 
often show laboratory data of coagulopathy, and 
some may have bleeding diathesis [91].

 Morphology
Due to the presence of cytopenia(s) with no abso-
lute lymphocytosis and abnormal liver function 
tests but no discrete liver mass lesion, a BM 
biopsy is often the first specimen to obtain rather 
than a PB sample, liver biopsy or splenectomy.

BM is almost always involved. The infiltrate is 
intrasinusoidal, and the infiltrate can be very subtle 
at the time of diagnosis. As the disease progresses, 

the neoplastic infiltrate can go beyond the sinuses, 
showing an interstitial or diffuse pattern. The cells 
in the intrasinusoidal spaces are often monomor-
phic and medium-sized, with slightly irregular 
nuclei, condensed chromatin, indistinct nucleoli, 
and moderate amount of clear cytoplasm 
(Fig. 11.13). In many cases, the infiltrate  may be 
missed if immunohistochemistry (IHC) or flow 
cytometry study is not performed. For IHC mark-
ers, HSTL are positive for CD3, TIA1, granzyme 
M, and CD56; they are often negative for gran-
zyme B and perforin. CD3 is often sufficient to 
highlight the intrasinusoidal infiltrative tumor 
cells. One of the important features of HSTL is 
that the lymphoma cells not only involve sinuses 
but also expand the sinuses (Fig. 11.14). This 
expansion of sinuses differs from LGL leukemia 

a b c

Fig. 11.13 Hepatosplenic T-cell lymphoma (HSTL). 
Peripheral blood (a) shows typical medium-sized cells 
with moderate cytoplasm with cytoplasmic granules. 

HSTL can be small to medium with an “innocent” appear-
ance (b) or large with irregular nuclei (c). The cytoplasm 
either contains variable numbers of granules or agranular

a b

Fig. 11.14 Hepatosplenic T-cell lymphoma (HSTL). (a) Bone marrow biopsy shows a lymphoid infiltrate. (b) CD3 
highlights the infiltrate with a sinusoidal expansile pattern, only very few tumor cells are scattered in the interstitial area
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with a sinusoidal involvement, which often shows 
a linear single layer of cells.

Bone marrow often shows a hypercellularity. 
Dyspoietic features involving 1–3 hematopoietic 
cell lineages can be frequently observed in patients 
with HSTL [95]. This is likely a result of cytokine 
effects or due to the perturbation of the BM micro-
environment by lymphoma cells. Increased histio-
cytes may be seen in some cases, some with 
phagocytosis, particularly in patients with clinical 
and laboratory evidence of hemophagocytic syn-
drome. The lymphoma cells on BM aspirate smears 
can range from small to medium with “innocent” 
look to large lymphoma-like cells or blastic cells 
(Fig. 11.13). Lymphoma cells may contain variable 
numbers of azurophilic granules and, when abun-
dant, may be mistaken as LGL cells.

When a liver biopsy is performed, HSTL 
often shows a sinusoidal pattern with dilatation 
of sinuses and sometimes with perisinusoidal 
fibrosis. The portal triad is often not involved. 
The infiltrative tumor cells are often very bland 

and may be difficult to appreciate on H&E slides. 
IHC is often necessary. If splenectomy is per-
formed (which is not often done), spleen shows 
an  expansion of the red pulp. The neoplastic cells 
infiltrate both splenic cords and sinuses. Similar 
to liver and BM, the cells in the sinusoidal distri-
bution are predominantly medium in size and 
monotonous, with inconspicuous nucleoli.

Although patients often do not have PB lym-
phocytosis, the neoplastic cells are often present 
in peripheral blood in variable numbers 
(Fig. 11.13). The neoplastic cells on the PB smear 
are often intermediate to large cells with nuclear 
irregularity, condensed but dispersed chromatin, 
indistinct nucleoli, and basophilic cytoplasm, 
more abnormal than the small lymphocytes seen 
on BM and liver biopsy tissue.

 Immunophenotype
In a series of 28 patients from a single institution 
[96] assessed by flow cytometry study, 74% 
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Fig. 11.15 A case of hepatosplenic T-cell lymphoma 
(HSTL), TCRαβ type. The HSTL cells are CD8partial/
dim+, with decreased expressions of CD3 and CD7 and 

negative for CD5 and CD4 and with strong expressions of 
CD94, CD16, CD56, and only small subset CD57+. TCR 
αβ is partially positive and negative for TCRγδ
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HSTL are γ/δ subtype, 19% α/β subtype 
(Fig. 11.15), and 7% are absent of TCR γ/δ and 
α/β. In γ/δ subtype, sCD3 is often bright+, double 
negative for CD4 and CD8. They are often posi-
tive for CD2, CD7, CD56, CD94, and CD16 but 
negative for CD5 and CD57. Occasionally, some 
cases may be CD8+. The TCR α/β subtype is 
generally CD2+, CD3+, CD4−, CD5−/+, 
CD7+/−, CD8+/−, TCR γ/δ−, TCR α/β +, and 
CD56+. HSTL is generally TIA1+, but perforin 
and granzyme B are generally negative or par-
tially lost. CD57 expression is generally absent in 
TCR γ/δ+ HSTL but has been reported in TCR 
α/β HSTL. The latter is often in pediatric patients 
and often also expresses granzyme B and corre-
lates with large cell morphology [94].

Flow cytometry is superior to immunohisto-
chemistry for the detection of the surface TCR 
subtypes, because γ/δ TCR antibodies are often 
not reliably interpreted on decalcified, formalin- 
fixed, paraffin-embedded tissue. Of note, other 
markers by IHC are generally weaker than by 
flow cytometry method. EBER is in general neg-
ative but has been reported to be positive in a few 
cases. EBER+ cases tend to have pleomorpho-
logic morphology or TCR α/β subtype [97].

 Cytogenetics and Molecular Genetics
Isochromosome 7q is a recurrent cytogenetic 
abnormality, and a significantly number of 
patients with i7q also have trisomy 8 abnormality. 
FISH is more sensitive than conventional karyo-
typing in the detection of cytogenetic abnormali-
ties. Sporadic case reports indicate the presence 
of i7q in almost all cases of HSTL [98, 99], but 
the case series showed [91, 94, 96] i7q in about 
50–70% patients at the time of diagnosis. i(7q) 
may represent a primary chromosomal aberra-
tion, and trisomy 8 is a likely secondary event. 
Trisomy 8 has been reported to associate an infe-
rior survival in patients with HSTL. Recently, 
whole genome sequencing has found a high fre-
quency of SETD2 (a tumor suppressor gene) 
mutations  (71%) in patients with HSTL. STAT5B 
is around 30%, and STAT3 is  less common (9%). 
Other mutations reported include INO80 (21%), 
TET3 (15%), and SMARCA2 (10%) [100].

 Differential Diagnosis
The first time diagnosis of HSTL can be chal-
lenging, due to uncharacteristic clinical presenta-
tion and a subtle involvement of BM and 
PB. Some patients come in with a clinical suspi-
cion of myelodysplastic syndrome, acute leuke-
mia, infections or thrombotic thrombocytopenic 
purpura, or hemophagocytosis (HLH) with 
unidentified underlying causes. If HSTL is not 
considered in the differential diagnoses, it can be 
easily missed. As a result, more than 50% patients 
eventually undergo splenectomy and or liver 
biopsy to obtain materials for a diagnosis.

Due to the clinical presentation of cytopenia 
(s) and BM hypercellularity with dyspoietic 
changes in hematopoietic cells, as well as fre-
quent presence of trisomy 8 abnormality, HSTL 
may be misdiagnosed as MDS. However, unlike 
HSTL, MDS patients often do not have marked 
splenomegaly, abnormal liver functions, or B 
symptoms. If patients present with HLH, a diag-
nosis should not stop at HLH but look for the pos-
sible cause of HLH, including T-cell lymphoma. 
PB blood often has a low level of lymphoma 
involvement, and a careful review of PB smear 
may identify abnormal tumor cells. BM is almost 
always involved; but the involvement can be very 
subtle and not visible on H&E sildes. Therefore, 
it is important that for any patients undergoing a 
BM or PB examination for a cause of cytopenia(s), 
or a suspicion for malignancy, flow cytometry 
study should be routinely performed and should 
include basic markers to assess B-cell clonality, 
T-cell immunophenotype (CD3, CD4, CD8, 
CD56), and immature marker CD34. In HSTL 
BM and often PB, a population of abnormal T 
cells is shown as brighter CD3+, CD4−, CD8−, 
and CD56 bright+, not corresponding to any of 
the normal subsets of T cells. The finding should 
prompt further workup for T-cell malignancies. 
CD3 immunohistochemistry should be performed 
on BM biopsy that will  highlight the infiltrate.

Once an aberrant T-cell population is identi-
fied, the top differential diagnosis is T-cell large 
granular lymphocytic (LGL) leukemia, which is 
also a blood- and BM-based disease with  
frequent splenomegaly. This is especially prob-
lematic with TCRγ/δ variant LGL. The clinico-
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pathological features between HSTL and LGL 
are compared in Table 11.4. LGL leukemia is an 
indolent T-cell neoplasm, whereas HSTL is 
clinically aggressive, requiring completely dif-
ferent treatment. A correct unambiguous diag-
nosis is critical for clinical management.

The other differential diagnosis is nonhepato-
splenic γ/δ T-cell lymphomas. Nonhepatosplenic 
γ/δ T-cell lymphomas often occur in other sites, 
particularly mucosal (gastrointestinal tract) or 
cutaneous tissues. Dissemination to other extra-
nodal sites is often seen, but splenomegaly, hepa-
tomegaly, and BM intrasinusoidal involvement 
are infrequent. Thus, the sites of involvement  and 
pattern of tissue infiltration are important features 
for the deferential diagnosis of HSTL, which are 
different from other T-/NK-cell lymphoma/leuke-
mia. This is true for TCRα/β variant HSTL and 
peripheral T-cell lymphoma that clinical presenta-
tions and BM findings should provide useful clue 
for the differential diagnosis.

The differential diagnosis may also include 
aggressive NK cell leukemia (ANKL) due to a 
similar clinical presentation. Both occur in young 
adults and have a fulminant clinical course with 
hepatosplenomegaly, BM involvement, pancyto-
penia, coagulopathy, hemophagocytic syndrome, 
and multiorgan failure. ANKL may show an 
immunophenotypic profile overlapping with 
HSTL, including CD2+, CD5−, CD56+, CD4−/
CD8−, and positivity for cytotoxic granules. 
ANKL by flow cytometry is negative for sCD3 
and TCR expression, but by immunohistochem-
istry, CD3 may be positive due to the presence of 
CD3 ε chain of NK cells. It is important to know 
that ANKL infiltrate is typically interstitial, dif-
fuse, or nodular, contrasting to HSTL of a pre-
dominant sinusoidal and intravascular pattern. 
Furthermore, ANKL is typically EBER+, 
whereas HSTL is generally EBER-negative or 
rarely in scattered bystander B cells.

 Sézary Syndrome and Mycosis 
Fungoides

Sézary syndrome (SS) [101] is an aggressive type 
of cutaneous T-cell lymphoma characterized by 
an intensely pruritic erythroderma, with early 

systemic dissemination of clonal CD4+ T cells in 
blood, bone marrow, and lymph nodes. The 
tumor cells are considered to derive from skin-
homing CD4+ T cells or central memory T cells 
with the capacity to traffic in and out of the skin 
in response to the appropriate chemokines. 
According to the consensus by the International 
Society for Cutaneous Lymphomas (ISCL) and 
the cutaneous lymphoma task force of the 
European Organization of Research and 
Treatment of Cancer (EORTC) [102, 103], SS 
requires to have erythroderma involving at least 
80% of surface skin, a high number of circulating 
tumor cells (≥1 × 109/L Sézary cells), and lymph-
adenopathy. The incidence of SS is about 0.8–
0.9/million, predominantly occurring in older 
people (median age 60 years), with a slight male 
predominance (1.5–2:1), and more prevalent in 
African Americans. SS is predominantly de novo, 
and only a small number of cases are evolved 
from myelosis fungoides (MF). In either case, 
both MF and SS are staged by the same criteria 
[102]. In contrast to patch/plaque stage of MF, SS 
is much more symptomatic, has a lower potential 
for remission, and lower expected survival.

 Clinical Features
Pruritic erythroderma and generalized lymphade-
nopathy often have developed over weeks to 
months. This can be preceded by a prodromal 
phase manifesting as pruritus or nonspecific der-
matitis. Peripheral blood shows lymphocytosis 
with abnormal lymphocytes. Associated hypere-
osinophilia can be seen in some cases. For 
patients with a well-established history of MF, a 
diagnosis of SS must fulfill the criteria for SS, 
which means to be tumor stage IV (erythroderma 
≥80% of surface area) and blood stage 2 (B2, 
≥1 × 109/L Sézary cells). These cases should be 
designated as “SS preceded by MF.”

The skin lesions may be associated with alo-
pecia, ectropion, leonine facies, nail dystrophy, 
and plantar hyperkeratoses with extremely pain-
ful fissuring. Patients frequently have secondary 
bacterial infection or severe viral infection such 
as herpes and polyomavirus. This is a dissemi-
nated disease; however, visceral involvement is 
not very common. It may involve spleen, liver, 
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lung, central nervous system, and occasionally,  
other organs.

Patients also have been reported to have 
increased prevalence of secondary malignancies 
[104], especially lymphoma including Hodgkin 
and non-Hodgkin lymphoma, melanoma, and 
urinary tract cancer. This may be attributable to 
decreased normal CD4(+) T cells and impaired 
cellular and humoral immunity.

 Morphology
Peripheral blood shows abnormal lymphocytes 
(Sézary cells) (Fig. 11.16). The cells generally 
have cerebriform nuclei, which can be variable in 
size from case to case. Small Sézary cells are 
described as <12 μm in diameter, and large 
Sézary cells are >14 μm in diameter. Small 
Sézary cells are not completely specific and can 
be reactive lymphocytes; in contrary, large Sézary 
cells are generally neoplastic tumor cells.

Of note, according to the consensus by the 
ISCL and EORTC, the number of tumor cells is 
based on morphological counting.

For skin biopsy, in ~2/3 patients with SS, skin 
biopsy shows diagnostic findings. The changes 
are similar to MF; however, epidermotropism can 
be variable that may be absent in some biopsy 
specimens. Tumor cells may be only seen in der-
mis and perivascular infiltrate. Tumor cell size 
can be variable but tends to be more monotonous 
than MF. In ~1/3 patients, skin biopsy may only 
show nonspecific changes without abnormal 
lymphocytes and may not be distinguishable 

from nonneoplastic erythroderma. In cases with 
inconclusive skin biopsy, the diagnosis of SS can 
be made based on a positive lymph node biopsy 
and or the presence of a large number of circulat-
ing lymphoma cells. For the latter, the blood 
tumor cells match the tumor infiltrate in the skin.

Lymph node shows partial or total effacement 
of normal architecture by Sézary cells. The tumor 
cells often show capsular invasion or extranodal 
invasion. Changes of dermatopathic lymphade-
nopathy are often present.

Bone marrow is often not involved or only 
minimal involvement. When the BM is involved, 
Sézary cell infiltrate is often sparse, predomi-
nantly a patchy or interstitial pattern.

 Immunophenotype
The vast majority of SS cells are CD4+ T cells; 
CD8+ SS is exceedingly rare (<5%). These 
cells are TCR α/β(+) and TCRγ/δ (−). By flow 
cytometry immunophenotyping, the first nota-
ble change is a markedly increased CD4:CD8 
ratio (≥10), which can be observed in about 
90% patients. SS and MF cells often express 
CD3, CD2, and CD5; however, they may show 
altered levels of expressions of these antigens. 
The most common aberrancies are the loss of 
CD26 and CD7, occurring in approximately 
80–90% cases [105] and 60–70% cases, respec-
tively [106, 107]. It is important to remember 
that lack of CD7 expression can be seen in up to 
40% CD4+ T cells and lack of CD26 in 30–40% 
of normal CD4+ T cells. These CD7- and 

a b

Fig. 11.16 Sézary syndrome. Typical large Sézary cells (a). In some cases, the cells may be small and lack of charac-
teristic cerebriform cells (b)
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CD26- cell numbers may be even higher in 
some reactive conditions. Therefore, it is impor-
tant to assess the expression patterns instead of 
simply applying the cutoff numbers. In normal/
reactive conditions, CD7-negative or CD26 
negative CD4+ T cells are within a spectrum 
(Fig. 11.17) with the rest of CD4+ T cells, con-
trasting to MF/SS that often show a complete 
absence of expressions of these markers. 
Combining alterations in other T-cell markers, 
such as dimmer expressions of CD3, CD4, and 
negative CD7 with CD26 assessment will sig-
nificantly increase the specificity of detection. 
Furthermore, SS/MF, though rare, may have an 
uniform expression of CD26, which is also con-
sidered as abnormal. It is noteworthy that the 
cutoff (30–40%) for CD26 negative cells is 
established on peripheral blood, not applicable 
to skin or lymph node samples. In tissues, nor-
mal/reactive CD4+ T cells can have signifi-
cantly increased CD26-negative T cells.

In addition, lymphoma cells of MF or SS may 
express follicular center helper T-cell (TFH) 
markers CD10, Bcl-6, and PD-1 and occasion-
ally CXCL-13 [108], which may cause confusion 
in distinguishing MF/SS from other TFH T-cell 
lymphomas with cutaneous manifestations. In 
fact, a TFH phenotype, defined as expressions 
of at least three of five markers (PD-1, CXCL-
13, ICOS, Bcl-6, and CD10) in more than 10% 
of tumor cells, is very common in MF/SS [109]. 
PD1 expression is observed in most of SS, 
more frequently in SS than MF in skin biopsy. 
Nonetheless, the expression of TFH markers 
should not cause confusion in the differential 
diagnosis between MF/SS and T-cell lymphoma 
with a TFH immunophenotype.

 Cytogenetics and Molecular Genetics
No specific chromosomal abnormalities have been 
identified in SS. Complex karyotypes are common, 
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Fig. 11.17 CD26 and CD7 expression patterns in a nor-
mal blood (Left), negative lymph node (Middle) and a  PB 
positive for MF/SS (right). (T cells in blue; upper panel  
showing the lymphocyte gate; lower panel showing CD7 
and CD26 expressions on CD3+CD4+ T cells only). 
CD26-negative cells (arrows) comprise up to 35% of nor-
mal CD3+CD4+ T cells in peripheral blood (left upper); 

these cells can be seen in a higher percentage in reactive 
lymph node (middle upper) but both in a smear pattern; 
these CD4+CD26− cells show variable CD7 expression 
(lower left and lower middle). In contrast, blood of myco-
sis fungoides/Sézary syndrome shows a discrete CD26-
negative cell population (Upper Right); these cells are 
also CD7 negative (Lower Right)
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with a high frequency of unbalanced translocations 
and deletions of chromosome 1p, 6q, 10q, 17p, and 
19. T-cell receptor genes are clonally rearranged. In 
recent years, exome and whole-genome sequenc-
ing [110–114] studies of MF/SS have reported 
frequent somatic mutations involving TCR/NFκB 
signaling pathway (NFKB2, TNFAIP3, PLCG1, 
PRKCQ, and TNFAIP3), Th2 differentiation 
(ZEB1), cell survival and fate (PDGFR, ERK, JAK/
STAT, MAPK), epigenetic regulation (DNMT3A, 
ASLX3, TET1- 3), homologous recombination 
(RAD51C, BRCA2, POLD1), and cell-cycle con-
trol (TP53). The discovery and understanding of 
these mutations will not only provide potential bio-
markers for prognostication or monitoring of dis-
ease but also identify potential therapeutic targets.

 Differential Diagnosis
Erythroderma can be caused by a number of eryth-
rodermic inflammatory dermatoses (EIDs) not 
unique for MF/SS, such as psoriasis, atopic der-
matitis, drug rash, pityriasis rubra pilaris, contact 
dermatitis, etc. The clinical differential diagnosis 
between MF/SS and various erythrodermic skin 
diseases can be quite challenging due to overlap-
ping morphological features. However, compared 
to EID, SS shows more epidermotropism with 
intraepidermal atypical lymphocytes; and about 
20% cases may show Pautrier microabscesses. 
The latter is not seen in EID. In SS, the cells in the 
dermis and perivascular locations are often cere-
briform and some blastic. Immunophenotypically, 
SS shows more profound CD7 loss, significant 
PD1 expression, Mum1+, and high Ki67. They 
have less CD8+ T cells on the background [115]. 
The peripheral blood smears of patients with EID 
may show some cerebriform lymphocytes, but 
they are often small, with mature chromatin, so- 
called small Sézary cells, and the number, unlike 
SS, is low, not more than 1 × 109/L. Immunoph
enotypically, they may show a decreased CD7 
expression but often with no other aberrancies.

Adult T-cell leukemia/lymphoma (ATLL) is a 
peripheral T-cell neoplasm associated with human 
T-lymphotropic virus, type I (HTLV-I). The acute 
variant (60% of cases) is characterized by a leuke-
mic phase, often with a markedly elevated white 
blood cell count, skin rash, and generalized lymph-

adenopathy (see the following chapter on ATLL). 
Skin lesions often present as nodular and tumor-
ous lesions, followed by erythematous plaques 
and macules. Erythroderma occurs in 3–5% of 
patients. Skin biopsy often shows an epider-
mal infiltrate with Pautries- like microabscesses. 
Dermal infiltrate is often perivascular. Peripheral 
blood shows medium- sized lymphocytes with 
condensed chromatin and bizarre hyperlobated 
nuclei, described as “clover leaf” or “flower 
cells.” Immunophenotypically, like MF/SS, ATLL 
is often CD4+. Loss of CD7 as well as CD26 is 
very common; however, CD25 is often uniform 
and bright in nearly all cases of ATLL. FOXP3 is 
also positive in ATLL. Practically all patients with 
ATLL have serologic antibodies to HTLV-I.

T-prolymphocytic leukemia (T-PLL) is a 
T-cell leukemia, predominantly of CD4+ T cells 
and presenting with marked lymphocytosis, sple-
nomegaly, and elevated LDH. Skin involvement 
can be observed in some patients; however, gen-
eralized erythema skin is exceedingly uncom-
mon. Morphologically, T-PLL is characterized by 
small- to medium-sized lymphocytes with small 
but distinct nucleoli. However, some other mor-
phological variants have been described, includ-
ing cerebriform that can mimic small Sézary cells. 
Immunophenotypically, T-PLL are often bright 
CD7+ and CD26 uniformly+; and TCL1 is posi-
tive in 80% T-PLL (see details on T-PLL chapter).

Peripheral T-cell lymphoma, CD4+, is pre-
dominantly a lymph node-based disease. 
Peripheral blood is sometimes involved, but a 
leukemic presentation is uncommon; and skin 
is occasionally involved, but erythroderma is 
uncommon. Angioimmunoblastic T-cell lym-
phoma (AITL) can present with skin rash and 
have circulating lymphoma cells. However, the 
circulating tumor cells usually present in low 
numbers, often surface CD3 negative and 
CD4+, and some with an aberrant CD10 expres-
sion [116, 117].

 T-Cell Prolymphocytic Leukemia

T-cell prolymphocytic leukemia (T-PLL) is an 
aggressive T-cell leukemia characterized by the 
proliferation of small- to medium-sized pro-
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lymphocytes with a mature post-thymic T-cell 
phenotype involving the peripheral blood (PB), 
bone marrow (BM), lymph nodes, liver, spleen, 
and skin. T-PLL is an extremely rare disease, 
comprising approximately 2% of mature lym-
phocytic leukemias in adults. Approximately 
90% of cases demonstrate chromosome abnor-
malities involving chromosome 14 with TCL1 or 
homolog of TCL1, MTCP1. With the genetic 
information, it has been increasingly recognized 
that T-PLL is more heterogeneous than previ-
ously defined, showing variation in morphology, 
immunophenotype, and clinical behavior.

 Clinical Features
T-PLL is a disease of elderly, with a median age 
of 65 years. There is a slight male predominance 
with a male to female ratio of 1.33 [118]. Patients 
with ataxia telangiectasia have a greatly increased 
incidence of T-PLL with a median age of onset of 
T-PLL about 30 years of age, and some cases 
may present in adolescence [119, 120].

Most patients with T-PLL present with an ele-
vated white blood count (WBC). WBC is often 
markedly increased, >100 × 109/L; however, not 
uncommonly, some patients may present with a 
WBC around 20–30 × 109/L that often progres-
sively increases in the course of disease. 
Hepatosplenomegaly (50–70%), generalized 
lymphadenopathy (50%), anemia and thrombo-
cytopenia, skin infiltration (20–25%), and serous 
effusions (i.e., pleural) (15%) occur at various 

frequencies in patients with T-PLL [118]. Serum 
immunoglobulins are often normal. Serology for 
HTLV-I is negative.

 Morphology
Typically, the tumor cells are small- to medium- 
sized lymphoid cells with moderately condensed 
chromatin and a visible nucleolus. The nucleus 
can be round or oval. The cytoplasm is usually 
moderately abundant and slightly basophilic 
without granules. Cytoplasmic blebs are com-
mon. In about 20–25% cases, the tumor cells are 
small with condensed chromatin and inconspicu-
ous nucleoli, so-called small cell variant. In 5% 
T-PLL, the tumor cells have a very irregular 
nuclear outline resembling the cerebriform 
nucleus of Sézary cells seen in mycosis fungoi-
des/Sézary syndrome (Fig. 11.18). The BM is 
almost always involved, showing an interstitial 
or a diffuse leukemic infiltrative pattern.

Skin and cutaneous involvement by T-PLL 
often shows no epidermotropism but a perivas-
cular or more diffuse dermal infiltrate. 
Splenectomy is rarely performed, and if per-
formed, the spleen shows a dense red pulp infil-
tration. T-PLL cells may invade the spleen 
capsule, blood vessels, and atrophied white 
pulp. In lymph nodes, the T-PLL infiltrate tends 
to predominate in the paracortical areas, sparing 
follicles, or efface the nodal architecture. High 
endothelial venules may be numerous, showing 
T-PLL cell trafficking.

a b c

Fig. 11.18 T-cell prolymphocytic leukemia (T-PLL). 
(Left) Typical T-PLL cells in peripheral blood, small to 
medium with small but conspicuous nucleoli, cytoplasmic 
blebs. (Middle) “Small cell variant” T-PLL, cells have  

clumping chromatin, most cells with no visible nucleoli. 
(Right) Some cases, the tumor cells can have very irregu-
lar nuclear contours (cerebriform, Sézary-like)
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 Immunophenotype
T-PLL is predominantly CD4+, comprising  
about 60–70% of cases. Double expressions of 
CD4 and CD8 are reported in a quarter of the 
cases. Of CD4+CD8+ cases, some cases may 
show a partial/dim expression either of CD4 or 
CD8. About 5–10% cases are CD4−CD8+. 
Unlike other T-cell lymphoma/leukemia that 
shows frequent CD7 loss and CD26 negativity, 
the majority of T-PLL is positive for CD7 and 
CD26, often at an increased intensity [118, 121–
123]. CD2 and CD5 are almost always positive, 
frequently showing an increased intensity as 
well. Surface CD3 and CD45 can be completely 
absent, in 5–10% cases (Fig. 11.19). CD52 is 
brightly positive in nearly all cases.

Immunohistochemistry study shows that about 
80% cases are positive for TCL1. The overexpres-
sion of TCL1 often correlates with a TCL1 rear-
rangement. However, TCL1 oncoprotein can be 
activated/upregulated through other mechanisms 

other than TCL1 gene rearrangement, such as 
hypomethylation of the TCL1 promoter region 
[124]. TCL1 immunohistochemistry is negative in 
T-PLL with t(X;14)(q28;q11) fusing TCRA/D 
with MTCP.

 Cytogenetics and Molecular Genetics
Chromosomal abnormalities are common, 
observed in 60–70%, and the majority has a com-
plex karyotype. Chromosome 14 abnormalities 
inv(14)(q11q32) and t(14;14)(q11;q32) involving 
TCL1 rearrangement have been reported in up to 
80% of the cases and have become the hallmarks 
of T-PLL [125–128]. Another abnormality, 
t(X;14)(q28;q11), involves a homolog of TCL1, 
MTCP1 (mature T-cell proliferation 1 gene) 
[129]. Overall, if combining FISH and cGH, 
approximately 80–90% of cases demonstrate 
chromosome abnormalities involving chromo-
some 14.
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Other recurrent chromosomal abnormalities 
include i(8)(q10), found in about 50% patients. It 
is suggested that [130] i(8)(q10) leads to 
increased expression of the MYC (8q24) and a 
deleterious loss of tumor suppressor genes on 8p 
such as MTUS1, synergistically contributing to 
the pathogenesis of T-PLL. Del(12)p13, abnor-
malities in chromosome 6 and chromosome 17, 
and deletion of TP53 gene (17p13) are also com-
monly seen in T-PLL. In patients with ataxia tel-
angiectasia with germ-line ATM mutation, 
mutations of the second ATM allele are detected 
in patients who developed T-PLL [131]. Biallelic 
mutations/deletions lead to premature truncation 
or alteration of the ATM gene product. Loss-of- 
function mutations and a complete absence of the 
normal copy of ATM resulting in somatic inacti-
vation of this gene have also been observed in 
sporadic T-PLL [132].

T-cell receptor (TCR) genes are clonally rear-
ranged. Activating mutations in the JAK3 non- 
receptor tyrosine kinases are detected in 
approximately one-third of cases [133, 134] and 
STAT5B mutations in about 20% cases. JAK3 and 
STAT5B mutations are mutually exclusive. 
Mutations in epigenetic regulators EZH2, TET2, 
and BCOR are also found in T-PLL [135]. 
Haploinsufficiency for the CDKN1B tumor sup-
pressor gene is another common genetic lesion 
that occurs in approximately half of cases. The 
discovery of these mutations raises interest in 
possible therapeutic relevance of JAK inhibitors 
and epigenetic regulators in T-PLL.

 Differential Diagnosis
As discussed under mycosis fungoides/Sézary 
syndrome, both T-PLL and MF are T-cell neo-
plasms that can involve the blood and skin. 
The morphology of the “cerebriform” (Sézary 
cell- like) variant seen in 5% of patients with 
T-PLL resembles the Sézary cells seen in 
MF. However, these two neoplasms can be eas-
ily distinguished by their immunophenotype. 
T-PLL is often brightly positive for CD7, 
CD26, and TCL1 (80% cases), whereas MF/SS 
are often negative for CD7 (60%), CD26 (80–
90%), and TCL1.

Similar to T-PLL, chronic lymphocytic leuke-
mia (CLL) shows lymphocytosis and spleno-
megaly. Historically, small cell variant T-PLL 
was given a name of T-cell CLL, due to its mor-
phological resemblance to B-cell CLL. CLL can 
be easily differentiated from T-PLL by immuno-
phenotyping; CLL is of B-cell lineage, CD19+, 
CD20+, CD5+, CD23+, and CD200+.

Adult T-cell leukemia/lymphoma (ATLL) is a 
peripheral T-cell neoplasm associated with 
infection by the HTLV-I. The tumor cells are 
often medium to large, highly pleomorphic, with 
very irregular nuclear contours, “flower” like. 
ATLL shows frequent loss of CD7 and CD26, 
negative for TCL1, but positive for bright CD25. 
Serologic and PCR for HTLV-I are used to 
exclude this diagnosis (please refer to ATLL 
chapter).

Peripheral CD4+ T-cell lymphoma with a leu-
kemic presentation can be difficult to distinguish 
from TCL1-negative T-PLL immunophenotypi-
cally. However, it is exceedingly rare for CD4+ 
PTCL to show bright and uniform expressions of 
CD7 and CD26.

 Adult T-Cell Leukemia/Lymphoma

Adult T-cell leukemia/lymphoma (ATLL) is a 
peripheral T-cell neoplasm that is caused by 
the human retrovirus known as human T-cell 
leukemia virus type 1 (HTLV-I). HTLV-I is pri-
marily transmitted by breastfeeding, although 
spread via blood transfusion, sharing of nee-
dles, and sexual intercourse also occurs. The 
incidence of ATLL varies in different geo-
graphic populations according to the preva-
lence of HTLV-I infection. Infection with 
HTLV-I is endemic in several islands in 
Southern Japan, the Caribbean basin Jamaica 
and Trinidad, Western Africa, Peru, Northeast 
Iran, and southeastern portion of the United 
States; most ATLL affects patients who live in 
or originate from these areas [136, 137].

ATLL is considered to derive from HTLV-I- 
infected memory T cells with stem cell-like prop-
erties. Exposure to the virus early in life increases 
the risk of eventual development of ATLL. A 
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short latency interval has been observed in 
patients who are treated with immunosuppressive 
agents. In the majority of the patients, the rate of 
ATLL development among HTLV-I infected indi-
viduals is relatively low, about 4–5% in the 
endemic areas [138]. The latency intervals are 
generally long, about several decades. The rela-
tively low incidence among patients with HTLV-I 
infection and the long period of clinical latency 
indicate that infection with HTLV-I is not suffi-
cient for malignant transformation [139]. 
Additional etiologic factors have not yet been 
identified.

Although it is considered as one of the highly 
aggressive T-cell non-Hodgkin lymphoma (NHL) 
variants, the disease course is variable and some-
times can be quite indolent. The clinical course of 
acute and lymphomatous ATLL is aggressive, 
and if no treatment, survival would be measured 
in months. In contrast, most cases of chronic or 
smoldering ATLL are relatively indolent that sur-
vival without treatment is measured in years.

 Clinical Features
Clinically, there are several variants, including 
acute, lymphomatous, chronic, and smoldering 
forms. They differ in clinical presentations, treat-
ment requirement, and prognosis [140, 141].

Acute variant is characterized by a leukemic 
presentation of ATLL. Patients frequently present 
with constitutional symptoms. Lymphadenopathy 
is seen in almost all patients. Organomegaly, 
either liver, spleen, or both, is observed in about 
30% cases. A high white count due to circulating 
malignant cells is very common, and the white 
blood cell (WBC) count may be higher than 
100 × 109/L. In some cases, there is an increase in 
eosinophils. Bone marrow (BM) involvement is 
only seen in about 5–35% cases. The number of 
circulating ATLL cells does not correlate with the 
degree of BM involvement, suggesting that circu-
lating cells are recruited from other organs such 
as the skin.

Hypercalcemia with or without lytic bone 
lesions is very common, observed in approxi-
mately 40–50% patients at time of presentation 
and 30% patients who would develop hypercal-

cemia during the course of the disease. 
Approximately 25–50% patients will have skin 
lesions at diagnosis, which can be patches, 
plaques, papules, tumors, erythrodermic lesions, 
and purpuric lesions, similar to mycosis fungoi-
des [142]. Less commonly, some patients may 
have pulmonary and CNS involvement.

The lymphomatous variant is characterized by 
prominent lymphadenopathy with no blood 
involvement. Patients frequently have elevated 
LDH and can have hypercalcemia. The prognosis 
is poor, with a survival similar to that of patients 
with the acute variant. The lymphomatous variant 
accounts for approximately 20% of all cases.

The chronic variant often shows exfoliative 
skin lesions, mild lymphadenopathy, and elevated 
lymphocyte count but tumor cells not numerous. 
Disease may be stable for months to years, and 
the median survival is 2–5 years. However, a sub-
set of patients who have a low serum albumin, 
high LDH, or high blood urea nitrogen may have 
a poor prognosis similar to that of the acute and 
lymphomatous variants. The chronic variant 
comprises approximately 10% cases.

The smoldering variant is the least common sub-
type, accounting for less than 10% of cases. These 
patients are often asymptomatic except for skin and/
or pulmonary lesions. They have normal blood lym-
phocyte counts with <5% circulating neoplastic 
cells and no hypercalcemia. Median survival with-
out treatment is approximately 3 years [143].

Progression from chronic and smoldering dis-
ease to aggressive disease resembling the acute 
variant eventually occurs in up to 25% of cases. 
Patients with ATLL are immunosuppressed and 
at risk of developing opportunistic infections.

 Morphology
In the PB, ATLL is mostly medium-sized cells, 
with polylobated nuclei, and described as “clover 
leaf” or “flower” cells [137, 144] (Fig. 11.20). 
These cells have condensed chromatin and 
invisible nucleoli and are highly pleomorphic. 
The cytoplasm is medium or scanty, basophilic 
cytoplasm, and agranular. In some cases, a few 
blasts or immunoblast-like cells with dispersed 
chromatin and prominent nucleolus may be pres-
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ent in the blood. Patients may have variable anemia 
and thrombocytopenia and increased eosinophils. 
In some cases, the tumor cells can be very small.

Bone marrow infiltrates are usually patchy 
and subtle, even in patients with a leukemic pre-
sentation, ranging from sparse to moderate. 
Osteoclastic activity may be prominent, even in 
the absence of BM infiltration by neoplastic cells.

Lymph node involvement can be predomi-
nantly paracortical or show a leukemic pattern of 
infiltration, with preservation or dilation of lymph 
node sinuses that contain malignant cells. Tumor 
cells are highly variable, ranging from predomi-
nantly small to medium and large cell types or 
anaplastic and, rarely, resembling angioimmuno-
blastic T-cell lymphoma or Hodgkin lymphoma 
[145]. Overall, the lymph node histology of 

ATLL may be indistinguishable from those of 
other peripheral T-cell lymphomas.

Skin lesions are very common in ATLL, about 
50% cases. Epidermal infiltration with Pautrier- 
like microabscesses is common. Dermal infiltra-
tion is mainly perivascular, but an extension to 
subcutaneous fat may be observed. The skin infil-
trative pattern may be indistinguishable from that 
of mycosis fungoides and Sézary syndrome.

 Immunophenotype
ATLL tumor cells often express pan-T-cell anti-
gens CD2, CD3, and CD5 but usually lack CD7. 
CD26 is often negative [146]. While most cases 
are CD4+ and CD8−, a few are CD4−, CD8+, 
or double positive for CD4 and CD8. CD25 is 

Fig. 11.20 Adult T-cell leukemia/lymphoma (ATLL). 
(Upper Left) In peripheral blood, ATLL is mostly 
medium-sized cells, with polylobated nuclei, and 
described as “clover leaf” or “flower” cells. (Upper Right) 

In some cases, the tumor cells can be very small. The bone 
marrow can be infiltrated by large cells (Lowe Left) or 
small cells. They can be interstitial or in aggregates 
(Lower Right)
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strongly expressed in nearly all cases. The large 
transformed cells may be positive for CD30, 
like in MF/SS. In addition, tumor cells fre-
quently express the chemokine receptor CCR4 
and FOXP3, features of regulatory T-cells.

A recent study [146] compared ATLL 
aggressive variant, indolent variant, and HTLV-I 
serology positive non-ATLL patients. HTLV-I-
infected cells have a CD4+CCR4+ CD26− 
immunophenotype. Within this population, 
CD7− phenotype correlates with a diagnosis of 
ATLL; CCR7+ phenotype identifies the aggres-
sive variant ATLL, and CCR7− CD127− phe-
notype identifies the indolent form of ATLL.

 Cytogenetics and Molecular Genetics
ATLL exhibits a variety of cytogenetic abnormal-
ities in almost all patients; however, no cytoge-
netic abnormalities are unique for ATLL [147, 
148]. The most frequent aberrations include gains 
of chromosomes 14q, 7q, and 3p and losses of 
chromosomes 6q and 13q. Chromosomal imbal-
ances, losses, and gains are more frequently 
observed in aggressive ATLL cases than in indo-
lent ATLL cases. Clonal evolution has been 
observed during disease progression.

T-cell receptor genes are clonally rearranged, 
and neoplastic cells show monoclonal integration 
of HTLV-I. However, ATLL develops through a 
multistep carcinogenesis process involving 
approximately five or more genetic events [149]. 
Recent advance in molecular genetics has pro-
vided further understanding the landscape of 
genetic and epigenetic alterations in ATLL. ATLL 
shows alterations highly enriched in genes for 
TCR–NF-κB signaling such as PLCG1, PRKCB, 
and CARD11 and gain-of-function mutations in 
CCR4 and CCR7. Mutations in RHOA, which 
encodes a GTP-binding protein, and TET2, an 
epigenetic regulator, as well as MLL3, have been 
identified in a subset of ATLL cases [157]. EZH2 
activation is induced by HTLV-I Tax and NF-κB.

 Differential Diagnosis
“Flower cells” similar to those seen in ATLL can 
be seen in the peripheral blood of asymptomatic 

healthy carriers of HTLV-I. Such cases may be dif-
ficult to distinguish from smoldering ATLL. Proven 
clonal integration of HTLV-I the circulating cells 
would support a diagnosis of smoldering 
ATLL. TCR clonality study by PCR may help to 
determine a clonal process. Flow cytometry immu-
nophenotyping shows loss of CD7 and CD26 
expression, or other alterations in pan-T-cell anti-
gens can help to determine a neoplastic process.

ATLL can be difficult to distinguish from MF/
SS, as discussed in the MF/SS section above. 
Both of these disorders can have cutaneous mani-
festations, and circulating tumor cells. 
Morphologically, the skin infiltrate and the cytol-
ogy of cells in PB may show significant similar-
ity. They can also have a similar 
immunophenotype, as both may be CD4+, 
CD7−, and CD26−. CD25 expression can be 
observed in MF/SS but often variable and at a 
relatively low level contrasting bright and uni-
form CD25 expression in ATLL. The key distin-
guishing feature is the demonstration of HTLV1 
infection in ATLL.

Anaplastic large cell lymphoma (ALCL) pri-
marily involves the lymph nodes and skin but can 
have circulating malignant cells in blood and a BM 
involvement. Similar to ATLL, ALCL can be pleo-
morphic and often CD4+ and CD7−. However, 
ALCL often has strong, uniform expression of 
CD30 with a membrane and Golgi distribution and 
is usually positive for cytotoxic granule-associated 
protein. For small cell variant and lymphohistio-
cytic variant ALK1+ ALCL, CD30 can be weaker 
and partial. On the other hand, in ATLL, the large 
cells can be CD30 positive. ALK1 staining is 
essential to rule in or rule out small cell variant and 
lymphohistiocytic variant ALK1+ ALCL.

Angioimmunoblastic T-cell lymphoma 
(AITL) usually presents with generalized sys-
temic symptoms, lymphadenopathy, hepatomeg-
aly, bone marrow involvement, and pruritic skin 
rash that can mimic ATLL. However, in tissue 
biopsies, they often have prominent arborizing 
high endothelial venules and many reactive cells 
on the background. In AITL, the tumor cells 
have a follicular T-help immunophenotype, with 
a variable expression of PD-1, CXCL13, CD10, 
and BCL6. EBER-positive B cells are present in 
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a large subset of AITL. AITL can have circulat-
ing tumor cells but often at a low level. They are 
frequently surface CD3 negative and CD4+, with 
or without partial CD10 expression [117, 116].

 ALK1+ Anaplastic Large Cell 
Lymphoma (ALK+ ALCL)

 Clinical Features
ALK1+ ALCL comprises 3% of non-Hodgkin 
lymphomas in adults and 20–30% in children and 
adolescents. It is characterized by ALK rearrange-
ment, frequently due to a t(2;5)(p23;q35) ALK/
NPM1 fusion and, less commonly, with other 
partner genes. ALK1+ ALCL usually involves 
lymph nodes and extranodal sites; involvement of 
bone marrow and peripheral blood is unusual in 
that it occurs in <10% of the cases.

 Morphology
ALK+ ALCL exhibits a broad spectrum of mor-
phology, including classic (70%), lymphohistio-
cytic (5–10%), small cell (5–10%), and 
sarcomatoid variants (<1%). The hallmark cells, 
which are typically large with eccentric horse-
shoe- or kidney-shaped nuclei, are seen in all 
variants and are helpful features in establishing 
the diagnosis.

Leukemic presentations of ALK1+ ALCL are 
most often associated with small variant ALCL 
[150–153]. In PB, the cells are small to medium in 
size, with condense chromatin, irregular nuclear 
contours, and scant to moderate cytoplasm with 
occasional cytoplasmic azurophilic granules 
(Fig. 11.21). Large tumor cells are often rare; if 
present, they generally have basophilic and vacuo-
lated cytoplasm with moderately condensed chro-
matin and a single prominent nucleolus. In the BM, 

a b

c d

Fig. 11.21 Small cell variant ALK1+ anaplastic large 
cell lymphoma (ALCL) with a leukemic presentation. 
(Upper Left) Peripheral blood shows mature lymphocytes 
with condensed chromatin, irregular nuclear contours, 
scant to moderate cytoplasm, with sparse granules. (Upper 

Right) The infiltrate in bone marrow is very subtle on rou-
tine H&E histology. (Lower Left) CD30 stain is mostly 
negative; weaker/partial CD30 expression is common for 
small cell variant ALCL. (Lower Right) These cells are 
highlighted by ALK1 stain
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the infiltrate is interstitial, which may be difficult to 
see due to small cell size and a subtle infiltrate.

 Immunophenotype
CD30, a member of the tumor necrosis receptor 
family, is believed to be universally expressed in 
ALK1+ ALCL in an intense membranous and 
Golgi pattern. However, CD30 expression can be 
weaker and partial in small cell variant and lym-
phohistiocytic variant ALK1+ ALCL and is weak 
or negative in PB and BM lymphoma cells [154]. 
Moreover, ALK1+ ALCL often expresses at least 
one myelomonocytic marker, such as CD11b, 
CD13, or lysozyme [155, 150–153]. The lym-
phoma cells may lack surface CD3 expression, or 
even CD5 and CD2, with a null cell type.

 Cytogenetics and Molecular Genetics
ALK+ ALCL is characterized by an ALK rear-
rangement, most frequently due to a t(2;5)
(p23;q35) ALK-NPM1 fusion and, less com-
monly, with other partner genes.

 Differential Diagnosis
Because of its rarity, atypical clinical presenta-
tion, morphologic overlap with other T-cell lym-
phoma/leukemia, and weak/absent of CD30, as 
well as the expression of myelomonocytic mark-
ers, the leukemic phase of ALCL can be very dif-
ficult to diagnose, and the differential diagnoses 
include a long list of entities, such as 
T-lymphoblastic leukemia; T-cell prolympho-
cytic leukemia; T-cell large granular lymphocytic 
leukemia; peripheral T-cell lymphoma, not other-
wise specified (PTCL, NOS); Sézary syndrome; 
and adult T-cell leukemia/lymphoma (ATLL).

Different from T-PLL, PTCL, NOS and MF/
SS, and T-LGL, ALK1+ ALCL is likely to occur 
in adolescent and young adults. The detection of 
myelomonocytic antigens in a mature T-cell 
neoplasm should prompt ALK1 immunohisto-
chemistry study or FISH for ALK rearrangement. 
They differ from T-lymphoblastic leukemia in the 
maturity of the cells, bright expression of CD45, 
and lack of CD1a, TDT, and CD34 immature 
markers.

 T-Lymphoblastic Leukemia/
Lymphoma

Precursor T-lymphoblastic leukemia/lymphoma 
(T-LBL) is a neoplasm committed to the T-cell 
lineage. T-lymphoblastic lymphoma (T-LBL) is 
the appropriate term if T-LBL is confined to a 
mass lesion with no or minimal peripheral blood 
(PB) and bone marrow (BM) involvement. 
T-lymphoblastic leukemia (T-ALL) is used if 
there is an extensive PB and BM involvement. 
In general, or for protocol reasons, if there are 
>25% BM blasts, the case is qualified for leuke-
mia (T-ALL), regardless of the presence or 
absence of a mass lesion. There is significant 
biological and clinical overlap between these 
neoplasms; therefore, T-LBL and T-ALL should 
be considered the same disease with different 
clinical presentations.

TALL/LBL was thought to arise from precur-
sor T-precursor cells at varying stages of differen-
tiation; however, like other acute leukemia, TALL/
LBL is likely maintained by a small number of leu-
kemia initiating cells, so-called leukemia stem cells 
[156]. In TALL/LBL, a small subpopulation of 
CD90 (Thy-1)+ and CD110+ (c-Mpl) cells has 
been shown to correlate with stem cell properties 
both in vitro and in transplantation experiments 
[157]. In recent years, a unique subset of TALL/
LBL with limited early T-cell differentiation 
(also called early T-precursors) has been recog-
nized. ETP TALL/LBL represents a subset of 
TALL/LBL that has not yet irreversibly commit-
ted to the T-cell lineage but rather retains 
myeloid/dendritic cell differentiation potential.

TALL/LBL occurs most frequently in late 
childhood, adolescence, and young adulthood, 
with a 2:1 male predominance; it comprises 15% 
of childhood and 25% of adult ALL. Treatment 
of TALL/T-LBL is generally more aggressive 
than that for precursor B-ALL and is the same for 
T-lymphoblastic lymphoma and leukemic pre-
sentations [158]. With aggressive chemotherapy 
regimens, TALL/LBL in children has an outcome 
similar to those of children with B-ALL. Among 
adults, TALL/LBL has a more favorable outcome 
than B-lineage ALL, likely attributing to a 
younger patient age and lack of distinctive 
adverse cytogenetic abnormalities in TALL/LBL.
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 Clinical Features
Patients are usually adolescent or young adult 
males who present with a bulky anterior medias-
tinal mass (50–75%) or lymphadenopathy involv-
ing cervical, supraclavicular, and axillary regions. 
The anterior mass may be complicated by peri-
cardial and pleural effusions, superior vena cava 
syndrome, or tracheal obstruction. Some patients 
may have extranodal disease, such as skin, tes-
ticular, or bony lesions. Hepatosplenomegaly is 
not infrequent. Central nervous system (CNS) 
involvement can be seen, especially in patients 
with a leukemic presentation with a high white 
count and BM involvement. While many patients 
present with an acute course, some patients may 
have symptoms progressing slowly over weeks to 
months.

 Morphology
On peripheral blood smears, lymphoblasts are 
often small to medium in size with scant cyto-
plasm. In some cases, TALL/LBL cells can be 
medium to large with moderate cytoplasm, mim-
icking AML blasts. Chromatin can range from 
disperse to condense, nuclei range from round 
and irregular to convoluted, and nucleoli range 
from invisible to prominent. TALL/LBL is indis-
tinguishable from B-ALL/LBL. In some cases, 
the cells are hyperchromatic, with a few azuro-
philic cytoplasmic granules, resembling mature 
T-cell neoplasms.

On bone marrow trephine biopsy, lympho-
blasts have scant cytoplasm, finely stippled chro-
matin and inconspicuous nucleoli. The infiltrate 
is often less extensive than B-ALL, often show-
ing retained normal BM hematopoiesis.

In lymph node, the nodal architecture is gen-
erally effaced, with a diffuse involvement. In 
some cases, the infiltrate may predominantly 
involve paracortical areas and surrounds residual 
germinal centers. Occasionally, TALL/LBL can 
have a nodular growth pattern. The TALL/LBL 
cells are small to medium, with round, oval, or 
convoluted nuclei, indistinct nucleoli, and scant 
cytoplasm. Mitotic figures are often numerous, 
and some cases may have a starry sky pattern. In 
cases with increased eosinophils on the back-
ground, or with a myeloblast component, FGFR1 

rearrangement study should be performed to rule 
out “myeloid and lymphoid neoplasms with 
FGFR1 abnormalities” [159].

 Immunophenotype
The lymphoblasts in TALL/LBL are cytoplasmic 
CD3+ and CD7+. CD7 expression usually is uni-
form and brighter than normal mature T cells. 
TdT is positive in 70–80% cases by flow cytom-
etry and positive in about 90% cases by immuno-
histochemistry. TdT IHC often stains a small 
subset of blasts that may not be picked up by flow 
cytometry [160]. TALL/LBL variably expresses 
CD1a, CD2, surface CD3, CD4, CD5, CD7, and 
CD8. CD10 can be seen in a subset of cases. 
Myeloid antigen CD13, CD33, or both can be 
seen in about 20–30% cases [161]. CD117 (cKIT) 
may be positive; such cases have been associ-
ated with activating mutations of FLT3 [162]. 
Subset CD79a positivity has been observed in 
approximately 10% of cases of TALL/LBL 
[163]. Some cases may express partial CD19 in 
an otherwise typical TALL/T-LBL. These cases 
should not be called mixed-phenotype leukemia.

TALL/LBL has previously been stratified into 
four immunophenotypical subtypes according 
to the proposal by the European Group for the 
Immunological Characterization of Leukemias 
(EGIL). According to the stage of differentiation 
and maturation, TALL/LBL is divided into pro-
T, pre-T, and cortical T- and medullary TALL/
LBL [164]. The classification is difficult to apply 
in practice due to significant overlapping among 
these subgroups. Of note, many cases  previously 
classified as pro-T or pre-T would now meet cri-
teria for the entity early T-precursor ALL (ETP). 
The immunophenotype of ETP ALL [165] is 
shown in Table 11.6 and a case in Fig. 11.22. 
They are CD7+, negative for CD8 and CD1a, 
and positive for one or more of the myeloid/
stem cell markers CD34, CD117, HLADR, 
CD13, CD33, CD11b, or CD65. Cytoplasmic 
CD3 is positive; however, it is common to see 
partial cCD3 expression, and the level of expres-
sion can be dim, not like other TALL/LBL that 
cCD3 expression, at least a subset of cells, is as 
bright as mature T cells. CD5 is either negative 
or dim, positive in <75% of the blast popula-
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tion, and more than 1 log lower than the mature 
T cells in terms of mean florescence intensity 
(MFI). They typically also are positive for CD2 
or may express some CD4, but these markers 
are not part of the definition. Myeloperoxidase 
is negative; if MPO+, a case would most likely 
meet the criteria for T/myeloid mixed-phenotype 
acute leukemia or AML. It has been suggested 
that leukemia with brighter or more uniform CD5 
expression but otherwise meeting the criteria for 

ETP are  called near-ETP ALL. ETP and near-
ETP phenotype have been suggested to represent 
a high- risk group of TALL/LBL [165, 166]. The 
rates of minimal residual disease (MRD) at the 
end of induction therapy are higher than other 
TALL. However, recent studies show that with 
more effective therapy, the outcomes may not be 
significantly different [167, 168].

Cortical TALL/LBL often shows coexpres-
sion of CD4 and CD8, CD1a+ whereas medul-

Table 11.6 The immunophenotype of early T-precursor lymphoblastic leukemia

Immunophenotypic markers Description/comment
T-lineage markers

• CD7 Usually bright and uniform

• Cytoplasmic CD3 Positive, but often weak/partial, and may not be as bright as 
mature T cells

Defining markers

•  CD1a and CD8 negative Expression in <5% of blasts

•  CD5 negative or weak+ Expression in <75% of blasts and 1 log lower than mature T cells 
in median fluorescence intensity

•  Expression of at least one stem cell-associated 
or myeloid-associated antigen CD117, CD34, 
HLADR, CD13, CD33, CD11b, or CD65

Expression has to be in >25% of blasts

Other markers CD2 often positive, CD4 may be positive, surface CD3 and CD10 
often negative

66.4% 0.1%

33.5% 0.0%

7.3% 0.0% 99.5% 0.0%

0.5% 0.0%92.6% 0.1%

98.5% 0.4%

1.1% 0.1%
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0.0% 44.9%
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Fig. 11.22 A case of early T-precursor lymphoblastic leu-
kemia (ETP-TALL) (blasts are colored in red and mature T 
cells in gray, quadrant % are calculated of the blast popu-
lation only). Cytoplasmic CD3 is positive but often partial/
weak; like other TALL, CD7 is often very bright. CD5 is 

negative, partial, or dim, expressed in <75% of blasts, and 
1 log lower in mean fluorescence intensity comparing to 
mature T cells; CD1a and CD8 are negative; blasts express 
at least one myeloid/stem cell marker (in this case, CD34 
and CD33). This case also expresses aberrant partial CD19
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lary TALL/LBL expresses either CD4 or CD8, 
may have surface CD3 expression; however, indi-
vidual cases may not fit into the exact pattern. 
CD1a has been shown to correlate with a better 
prognosis in T-LBL/T-ALL. CD10 expresses 
more frequently in T-LBL than T-ALL. CD56 
expression can be seen in some TALL/LBL.

 Cytogenetics and Molecular Genetics
An abnormal karyotype is found in 50−70% of 
cases of TALL/LBL [169, 170]. The most com-
mon abnormalities are translocations involving 
TCRα/δ loci at 14q11.2, TCRβ at 7q35, and TCRγ 
at 7p14-15. The partner genes are variable and 
include MYC (8q24), TAL1/SCL (1p32), LMO1 
(11p15), LMO2 (11p13), HOX11 (10q24), 
HOX11L2 (TLX3) (5q35), and the cytoplasmic 
tyrosine kinase LCK (1p34). Deletion of TAL1 
locus at 1p32 is seen in about 25% cases. Deletions 
of 9p involving deletion of the p16 (ink4a) tumor 
suppressor gene (CDK4 inhibitor) are also seen in 
approximately 30% of T-ALL/LBL.

TALL/LBL almost always shows clonal rear-
rangements of the TCR gene; some may also 
show immunoglobulin heavy chain gene rear-
rangements [171]. NOTCH1 gene, which 
encodes a protein critical for early T-cell devel-
opment, is found mutated in approximately 50% 
cases [172]. FBXW7 gene, a negative regulator 
of NOTCH1 and MYC, is mutated in about 30% 
of cases [173]. TP53 mutations are seen in 
10–15% cases.

Gene expression profiling studies show that 
ETP ALL has an expression profile similar to 
that of normal early thymocyte precursors, 
whereas the other TALL/LBL has a signature 
of later thymocytes. ETP shows overexpres-
sion of myeloid or stem cell markers such as 
CD44, CD34, KIT, GATA2, and CEBPA, as 
well as immature T-ALL Lyl1. The mutational 
profile [174, 175] is also more similar to that 
of myeloid leukemia than to other T-cell leu-
kemia showing frequent FLT3, RAS, DNMT3A, 
IDH1, and IDH2 mutation and low frequen-
cies of more typical ALL lesions such as 
NOTCH1-activating mutations or mutations in 
CDKN1/2.

 Differential Diagnosis
Thymomas especially cortical lymphocytic thy-
moma (Type B2 thymoma) on fine-needle aspi-
ration (FNA) specimen or core needle biopsy 
can be difficult to distinguish from 
T-LBL. Thymic epithelium can be scanty and 
difficult to see, and the background thymocytes 
can look immature (Fig. 11.23). Thymus hyper-
plasia can present as a mass lesion and frequently 
occurs in children and adolescents. Thymocytes 
are CD4+, CD8+, CD1a+, CD99+, and TDT+, 
mimicking T-LBL. Figure 11.23 shows a case of 
thymoma in comparison with a case of thymic 
cortical T-lymphoblastic leukemia. Flow cytom-
etry demonstrates a maturation pattern in thymic 
lymphocytes of a thymoma that is not seen in 
T-LBL. There are three stages of maturation in 
thymocytes. The least mature cells have low- 
density CD45 with partial CD34 expression. 
These cells are either double negative for CD4 
and CD8 or partial CD4; negative for CD8, with 
no surface CD3; and very few CD1a+ but with 
bright TDT and cytoplasmic CD3 expression 
(Fig. 11.24). The intermediate stage cells have 
higher intensity of CD45 and double positive for 
CD4 and CD8 and show heterogeneous surface 
CD3. They are negative for CD34. The mature 
cells (or medullary thymocytes) are mostly sin-
gle positive either for CD4 or CD8 and positive 
for surface CD3. The heterogeneous expression 
of surface CD3, CD4, and CD8 also create a 
characteristic smearing pattern for these anti-
gens. All three stages of thymocytes are CD7+, 
CD5+, and CD2+.

Some mature T-cell lymphoma/leukemias 
may lack surface CD3 expression; and some, 
especially T-prolymphocytic leukemia (T-PLL), 
can be CD45 negative. On the other hand, some 
TALL/LBL may not have immature markers 
such as CD34 and TDT, and some can show sur-
face CD3 expression and single CD4 or CD8 
expression. Mature T-cell neoplasms often have 
more condensed and mature chromatin and are 
more pleomorphic, whereas T-ALL/LBL often 
are medium-sized cells with immature chroma-
tin and scant cytoplasm. CD45 is dimmer in 
T-ALL/LBL by flow cytometry, and they often 
show some immature markers such as CD10, 
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a b c

d e f

Fig. 11.23 A case of lymphocyte-rich thymoma (a–c) and 
a case of T-lymphoblastic lymphoma (T-LBL, d–f). In lym-
phocyte-rich thymoma (a), the background thymocytes can 
look immature and blastic, and they are strongly positive 

for TDT (b), similar to T-LBL (d, e) (also positive for CD3, 
CD1a). Cytokeratin (c) highlights epithelial cells in a lacy-
like delicate pattern. In contrast, cytokeratin shows only 
rare normal residual thymic epithelial cells in T-LBL (f)

CD1a, CD34, TDT, and CD99, lack of surface 
CD3, and variable expressions of myeloid anti-
gens CD13 and CD33. They don’t show cyto-
toxic granules.

Acute leukemia of ambiguous lineage, includ-
ing undifferentiated, mixed T/myeloid, or precur-
sor NK-cell lymphoblastic leukemia/lymphoma 
can show substantial overlap with T-ALL/LBL, 
especially the ETP type. The presence of myeloid 
markers does not exclude a diagnosis of TALL/
LBL nor does it indicate a mixed-phenotype 
acute leukemia, T/myeloid. To call a mixed T/
myeloid leukemia, the leukemia cells either show 
very convincing MPO expression on cCD3+ cells 
(biphenotypic) or in a complete different subset 
of blasts (mixed lineages), or a subset of blasts 
are monocytic (CD64, CD11b, CD4, CD36, 
CD14). MPO assessment should not be solely 
based on immunohistochemistry due to its non-
specific nature. CD117 is often a good marker for 
myeloid but also can be expressed in TALL/LBL, 
especially in cases with FLT3 ITD mutations. In 
ETP ALL, cCD3 can be partial and weaker by 
flow cytometry, and immunohistochemistry can 
help to confirm the T-lineage differentiation of 

the blasts. In contrast, acute leukemia, undif-
ferentiated, should not have cytoplasmic CD3 
expression. On the other hand, if a case is typi-
cal of AML, very dim/weak cytoplasmic CD3 
expression on myeloblasts is not sufficient to call 
a case myeloid/T-mixed-phenotype acute leuke-
mia. In such instance, cytoplasmic CD3 should 
be as bright as mature T cells, at least in a subset 
of blasts. CD56 expression in TALL/LBL is not 
common but can be observed in about 5% cases. 
Precursor NK-cell lymphoblastic leukemia/lym-
phoma often expresses CD2, CD7, and CD56. 
NK-ALL/LBL often expresses CD94. cCD3 may 
be positive by flow cytometry if the antibody 
used is specific for the CD3ξ chain. TCR gene 
rearrangement is germ line.

Blastic plasmacytoid dendritic cell neoplasm 
(BPDCN) is derived from the precursors of plas-
macytoid dendritic cells, with a high frequency 
of cutaneous and bone marrow (BM) involve-
ment and leukemic dissemination. Recent studies 
have shown that BPDCN originates from hema-
topoietic stem cells and share a clonal origin with 
chronic myelomonocytic leukemia [176]. 
BPDCN are CD4+, CD123bright+, and CD56+; 
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Fig. 11.24 Thymic lymphocytes in lymphocyte-rich thy-
moma demonstrate a normal thymocyte maturation pat-
tern. Three populations of cells are seen on CD45/SSC-A 
plot (upper left). The population with the lowest CD45 
expression represents more immature thymocytes (col-
ored in red), which shows partial CD34 expression, either 
double negative for CD4 and CD8 or partial CD4, with no 
surface CD3, very few CD1a, but bright TDT and cyto-

plasmic CD3 expression. The majority of the cortical thy-
mocytes (colored in yellow) are CD45 slightly dimmer, 
double positive for CD4 and CD8, bright CD1a, moderate 
TDT, cytoplasmic CD3, and also with subset expressing 
surface CD3. The mature T cells or medullary thymocytes 
(blue) have the highest CD45 expression, mostly either 
CD4 or CD8+, only partial CD1a+, surface CD3+, and no 
TDT

however, in some cases, the tumor cells may be 
CD4 negative or CD56 negative. They can 
express TDT and T-cell antigens including CD2, 
CD7, and CD5. However, BPDCN do not express 
cytoplasmic or surface CD3. In addition to bright 
CD123, BDCA2 (CD303) or TCL1 will confirm 
a diagnosis of BPDCN.

Finally, an indolent T-lymphoblastic prolifera-
tion has been described [177]. These lesions typi-
cally occur in the upper aerodigestive tract and 
characterized by multiple local recurrences with-
out systemic dissemination. It has been observed 
in patients with Castleman disease [178, 179]. 
They are morphologically less atypical than 
TALL/LBL and, immunophenotypically, similar 
to cortical thymocytes, CD4+CD8+TDT+, and 
lack TCR clonal rearrangements. It is debatable 
if this should be called cortical thymocyte prolif-
eration rather than indolent T-lymphoblastic pro-
liferation [180, 181].
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B-Cell Lymphocytosis

Robert P. Hasserjian

 Overview

Evaluation of the peripheral blood and/or bone 
marrow is often the initial testing used to make a 
diagnosis of many B-cell lymphomas. This chap-
ter presents the features and differential diagno-
ses of B-cell lymphomas that are primarily 
diagnosed by evaluating peripheral blood (PB) 
and bone marrow (BM) samples, as well as reac-
tive B-cell proliferations in the bone marrow and 
blood. The chapter will not discuss bone marrow 
staging of B-cell and Hodgkin lymphomas that 
have already been diagnosed in extramedullary 
tissues.

B-cell lymphomas that primarily involve the 
marrow and blood present in three general clini-
cal scenarios:

 1. B-cell lymphocytosis (an absolute increase in 
lymphocytes in the peripheral blood, with or 
without lymphadenopathy or splenomegaly)

 2. Cytopenias(s) with neoplastic B cells circulat-
ing in the peripheral blood

 3. Cytopenias(s) due to marrow infiltration by 
B-cell lymphoma without identifiable neo-
plastic cells circulating in the peripheral blood

The above clinical scenarios can influence the 
approach to diagnosis, ancillary tests ordered, 
and type of information conveyed in the pathol-
ogy report.

In patients presenting with lymphocytosis, it is 
important to review the peripheral smear to 
observe the lymphocyte morphology, which is 
described for each of the lymphomas discussed 
below. Although there is a considerable overlap in 
the morphologic spectrum of B-lymphoid leuke-
mias, the cytology of the circulating lymphocytes 
provides helpful information for final diagnosis 
and classification. Flow cytometry is a critical test 
in distinguishing among the various lymphomas 
that present with lymphocytosis. In many cases 
(particularly chronic lymphocytic leukemia, the 
most common lymphoma manifesting as lympho-
cytosis), a definitive diagnosis can be rendered on 
the blood, by incorporating peripheral smear mor-
phology, immunophenotype, and genetic studies. 
In other cases, it may be necessary to perform a 
bone marrow biopsy to clarify the specific lym-
phoma subtype causing the lymphocytosis.

Hairy cell leukemia is the most common B-cell 
leukemia that presents with cytopenias and typically 
lacks a significant lymphocytosis. This can pose a 
diagnostic challenge: although circulating neoplastic 
B-cells are always present, they may be overlooked 
on morphologic review of the smear, and other causes 
of cytopenia besides lymphoma may be entertained. 
Flow cytometry can readily identify the neoplastic 
circulating hairy cell population, even if it is small, 
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since its phenotype is characteristic. In other cases 
where a B-cell clone is identified in the blood of a 
cytopenic patient, a definitive diagnosis may be 
more challenging. Monoclonal B-cell lymphocyto-
sis is relatively common in older individuals and it 
may be unclear if a clonal B-cell population in the 
blood reflects a lymphoma or is merely an incidental 
finding in a patient with cytopenia due to other rea-
sons. Bone marrow examination can be very helpful 
in this scenario.

Finally, in rare cases, a bone marrow sample 
may disclose a B-cell lymphoma in a cytopenic 
patient, even in the absence of any morphologi-
cally identifiable circulating neoplastic cells in the 
peripheral blood. Diffuse large B-cell lymphoma 
and intravascular large B-cell lymphoma can 
present in this fashion. Thus, the pathologist 
should always consider a lymphoma when 
approaching a bone marrow sample performed to 
evaluate unexplained cytopenia, even if peripheral 
blood flow cytometry is negative for lymphoma.

The sections below review the clinical, mor-
phologic, immunophenotypic, and genetic fea-
tures of B-cell lymphomas primarily involving the 
bone marrow and blood as well as Blymphoblastic 
leukemia. The first part of this chapter reviews fea-
tures of normal B cells and reactive B-cell lym-
phocytosis; more general aspects of lymphocytosis 
are discussed separately in Chap. 11. An algorithm 
for approaching the differential diagnosis of small 
mature clonal B-cell populations in the blood is 
shown at the end of this chapter (Fig. 12.31).

 Normal B-Cell Immunophenotypes

Approximately 5–20% of the peripheral blood 
lymphocytes are B-cells; in general, the total 
number of B cells decreases with age (see Table 

11.2, Chap. 11) [1, 2]. Approximately two-
thirds of circulating B cells are CD27-
CD20+CD19+CD38- naïve B lymphocytes, 
and one-third are CD27+CD20+CD19+CD38- 
memory B cells (Table 12.1). In some individu-
als, especially children, some CD10+ B cells 
can be detected in peripheral blood. These are 
early- stage mature B cells (also called “transi-
tional B cells” or “stage 3 hematogones”), 
which express dim CD10 and bright CD38, 
CD24, and IgM and lack surface CD27 expres-
sion [3]. Early-stage mature B cells can be dis-
tinguished from circulating B lymphoblasts by 
the absence of CD34 and TdT, dim expression 
of polyclonal surface immunoglobulin, and 
bright expression of CD20, CD45, and CD38 
(Fig. 12.1). Very low numbers of plasma cells 
(approximately 2/μL) are found in the periph-
eral blood of healthy individuals, but this num-
ber can significantly increase post immunization 
[4]. These circulating plasma cells are CD38+ 
and CD27+ with variable CD138 expression 
and may lack surface light chain expression [5].

Many of the markers mentioned above that 
define various subsets of lymphocytes are not 
routinely used for clinical diagnosis. Using a 
typical antibody panel applied for the diagno-
sis of B-cell lymphomas, normal mature B 
cells are CD19+, CD22+, CD20+, CD79a+, 
CD79b+, CD38 partial/moderate+, FMC7+, 
CD23partial+, CD200partial+, CD43-, and 
polytypic by kappa and lambda surface and 
cytoplasmic light chain assessment; a subset 
expresses CD11c. At birth, most B cells in cord 
blood dimly express CD5, and by the time of 
adulthood, 5–25% of PB B cells and 5–20% of 
BM B cells are CD5+ [6, 7] (Fig. 12.2). CD5+ 
B cells can be increased in patients with auto-
immune diseases.

Table 12.1 Normal B-cell subsets in the peripheral blood

B-cell subset Proportion (%) Immunophenotype Surface light chain 
expression pattern

Naïve B cells 60–70 CD27-CD20+CD19+CD38- Polytypic

Memory B cells 20–40 CD27+CD20+CD19+CD38- Polytypic

Transitional/immature B cells 2–4 CD27-CD20+CD19+CD38 bright+ CD10+ Weak/dim polytypic

Plasma cells/plasmablasts 0–2 CD27+CD20-CD19+CD38 bright+ 
CD138 variable

No surface light chain
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Fig. 12.1 Early-stage mature B cells (red dots), also 
called “transitional B cells,” “recent bone marrow emi-
grant B cells,” or “stage 3 hematogones,” can be seen in 

blood, especially in children. These cells are CD10 dim+, 
CD22 dimmer than mature B cells (gray dots), negative for 
CD34, and brightly positive for CD38, CD45, and CD20

In the normal bone marrow, in addition to 
mature B cells, variable numbers of normal imma-
ture B cells (hematogones) are present, which can 
significantly increase in reactive  conditions, espe-

cially in children and young adults. Hematogones 
have bright CD38 expression, are positive for 
CD43 and CD200, and are dimmer for CD45 than 
mature lymphocytes. They are divided into three 
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Fig. 12.3 Normal immature (hematogones) and mature 
B cells in bone marrow. Cell populations are circled in 
different colors: stage 1 hematogones (red), stage 2 
hematogones (green), stage 3 hematogones (yellow), 
and mature B cells (black, admixed with T/NK cells on 
CD45/SSC). Stage 1 hematogones are CD34+ and are 
also TDT+ (not shown), have the brightest CD10 and 
dimmest CD45 expression and are CD20 negative. 

Stage 2 hematogones have moderate CD45 and CD10 
expression and are negative for CD34, with variable 
CD20 expression. Stage 3 hematogones have dim 
CD10, bright CD45 expression and are CD20 positive. 
All three stages of hematogones have dimmer CD22 and 
brighter CD38 expression as compared to mature B 
cells

stages (Fig. 12.3). Stage 1 and 2 hematogones are 
negative for surface light chain, whereas stage 3 
hematogones express dim surface light chain. Of 
note, skewed light chain expression or light chain 
expression bias by hematogones can be observed 
in reactive conditions (Fig. 12.4), and it is impor-
tant not to misinterpret this finding as a clonal 
CD10+ B-cell population.

 Reactive/Polytypic B-Cell 
Lymphocytosis

An absolute increase in peripheral blood (PB) B 
cells is very uncommon. Persistent polyclonal 
B-cell lymphocytosis is a rare disorder and is 

defined as a PB B-cell count above 4 × 109/L 
that persists for at least 6 months and is 
unchanged over time. Clinical symptoms are 
nonspecific except for mild fatigue in most indi-
viduals [8]. Patients are usually female ciga-
rette smokers, some presenting with elevated 
polyclonal serum IgM [9]. Persistent polyclonal 
B-cell lymphocytosis has been linked to 
HLA-DR7 [10], and familial cases have been 
reported. The etiology remains unknown, and 
any possible role of smoking, genetic predispo-
sition, or viral factors remains to be determined. 
Morphologically, the blood smear is character-
ized by the presence of atypical lymphocytes 
with abundant cytoplasm and mature nuclei 
(Fig. 12.5). Binucleated  lymphocytes can be 
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observed, sometimes comprising up to 10% of 
the total lymphocytes [11]. By flow cytometry, 
there is an expansion of CD27+IgM+IgD+ 
memory B cells with a normal kappa/lambda 
ratio [12, 13]. A recent case study reported that 
the B cells are positive for CD19, CD20, CD22, 
CD79b, and CD200 and negative for CD5, 
CD10, and CD11c; FMC7 and CD23 were 
expressed on only a minority of cells [14]. 
Curiously, although the lymphocytes are poly-
clonal, recurrent cytogenetic abnormalities 
have been described, such as i(3q), trisomy 3, 
and dup(3)(q26q29) [11, 15, 16].

In contrast to absolute B-cell lymphocytosis, a 
relative increase in blood B cells can be seen in a 

number of conditions. Autoimmune diseases 
often show an increased proportion of B cells as 
a result of immune activation. A relative increase 
in B cells can also occur in some patients with 
plasma cell myeloma and has been reported to be 
a favorable prognostic feature in this setting [17]. 
DiGeorge syndrome is an inborn defect resulting 
from chromosome 22q11.2 deletion. Affected 
children often present with congenital heart mal-
formation, hypoparathyroidism, thymus aplasia, 
and other phenotypic features [18]. Patients with 
DiGeorge syndrome display a marked relative 
(but not absolute) increase in PB B cells and 
increased numbers of naïve B cells, but decreased 
memory B cells [19].
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Fig. 12.4 Normal immature B cells (hematogones) can 
show skewed light chain expression. The hematogones in 
this case are CD19+, CD10+, and lambda+ but kappa-. 

These cells show characteristic bright CD38 expression, 
are CD43+ (lower left plot), and CD45 dim on the CD45/
SSC plot (lower right plot)
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Mature B-cell lymphomas/
leukemias

 Chronic Lymphocytic Leukemia, 
Small Lymphocytic Lymphoma, 
and Monoclonal B-Cell 
Lymphocytosis

Chronic lymphocytic leukemia (CLL) is the most 
common B-cell leukemia of adults. By definition, 
absolute lymphocytosis is present, and by flow 
cytometry, the absolute level of clonal CLL cells 
must be at least 5 × 109/L in the peripheral blood. 
A diagnosis of small lymphocytic lymphoma 
(SLL) may be made in patients who have biopsy- 
confirmed SLL involving a lymph node but fewer 
than 5 × 109/L CLL-type B cells in the blood. In 
CLL- type monoclonal B-cell lymphocytosis 
(MBL), circulating clonal B cells with a similar 
immunophenotype to CLL are present but at a 

level of <5 × 109/L. In the 2016 WHO Classification, 
MBL has been divided into cases with high count 
(monoclonal B cells ≥0.5 × 109/L but <5 × 109/L) 
and low count (monoclonal B cells <0.5 × 109/L).

 Clinical Features
The median age at diagnosis of CLL is 
60–70 years, with a male predominance. Patients 
often are asymptomatic and are diagnosed when 
lymphocytosis is found on routine blood testing. 
The range of lymphocyte counts at diagnosis var-
ies, and the count may exceed 100 × 109/L in 
some patients. Symptomatic patients usually 
present with fatigue, symptoms related to spleno-
megaly, and/or peripheral lymphadenopathy. 
Autoimmune thrombocytopenia, hemolytic ane-
mia, or both (Evans syndrome) may be present at 
diagnosis or may develop later during the course 
of the disease. CLL is an indolent disease, and 
patients often die of unrelated causes.
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Fig. 12.5 Polyclonal B-cell lymphocytosis. (Top panel) 
The peripheral blood smear shows lymphocytes with 
bilobed nuclei (arrows). (Bottom panel) By flow 
cytometry, CD19+ B cells comprise 51.1% of lympho-

cytes. Despite this marked increase in numbers, the B 
cells are polytypic as assessed by kappa and lambda 
light chain expression
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 Morphology
The diagnosis of CLL usually can be established 
by identifying a clonal B-cell population in the 
peripheral blood (absolute count at least 
5 × 109/L) with the characteristic morphology 
and flow cytometry immunophenotype of CLL; 
therefore, a bone marrow sample is usually not 
required for a primary diagnosis. However, bone 
marrow biopsy is recommended before therapy is 
started in order to establish the baseline level of 
disease and to evaluate the success of subsequent 
therapeutic interventions.

On PB smears, CLL cells resemble small lym-
phocytes. They have regularly condensed “chunky” 
chromatin, absent or small nucleoli, and scant, pale 
cytoplasm. Some cells may have slightly more 
abundant pale, basophilic cytoplasm, nuclear irreg-
ularities, and/or small nucleoli (Fig. 12.6a–b). The 
regular “checkerboard” pattern of chromatin con-
densation in CLL cells is subtly different from the 
more irregularly condensed chromatin of normal 
circulating lymphocytes, but this may be difficult 
to appreciate on many smear preparations. Smudge 
cells (ruptured cell nuclei devoid of cytoplasm) fre-
quently are seen in PB smears from patients with 
CLL and may comprise most of the white cells in 
the smear. Preparing the smear by hand rather than 
by an automated method, or adding albumin to the 
blood, abrogates the tendency of the CLL cells to 
smudge, allowing a more accurate peripheral blood 
white cell differential count. Smudge cells are by 
no means specific for CLL and frequently can be 
seen in association with other circulating lym-
phoma cells, blasts, or even reactive atypical 
lymphocytes.

Prolymphocytes represent the proliferating 
cell component in CLL and usually are present at 
low levels in the peripheral blood. Prolymphocytes 
are 1.5–2 times the diameter of small lympho-
cytes and have a round nucleus, a somewhat dis-
persed nuclear chromatin (less condensed than 
that of small lymphocytes but less finely dispersed 
than that of blasts), and a prominent central nucle-
olus; the cytoplasm is moderately abundant and 
usually pale basophilic (Fig. 12.6c–d). Although 
prolymphocytes are rare in the blood in most CLL 
cases, they should be enumerated, because 
increased numbers of prolymphocytes are associ-

ated with a more aggressive disease. If prolym-
phocytes comprise more than 55% of the 
circulating lymphocytes at presentation, a diagno-
sis of B-cell prolymphocytic leukemia is made.

Some cases of CLL show cells intermediate in 
size between small lymphocytes and prolympho-
cytes, with variably prominent nucleoli (Fig. 
12.6b); a strict definition of prolymphocytes 
should be used, and such cells should not be 
counted among the prolymphocytes. Although 
the CLL lymphocytes usually have round nuclear 
contours, a subset of cases may show cells with 
irregular or even clefted nuclei and/or distinct 
nucleoli (Fig. 12.6e, f). These cases, which have 
been called “atypical CLL” by some authors, 
may have a more aggressive course [20]. Other 
cases may have unusually abundant, pale cyto-
plasm. Despite the wide cytomorphologic spec-
trum manifested by CLL,  atypical morphologic 
features do not appear to have an independent 
impact on the prognosis. The WHO Classification 
system does not recognize morphologic subtypes 
of CLL and a previous category of “CLL/prolym-
phocytic leukemia” (CLL with 10–55% prolym-
phocytes) has been eliminated.

In the bone marrow biopsy sample, CLL cells 
appear as small, round lymphocytes that percolate 
among the hematopoietic elements singly or as 
small clusters in an interstitial pattern and/or form 
non-paratrabecular aggregates (Fig. 12.7a–c). 
Paratrabecular aggregates, in which the lympho-
cytes are closely opposed to the bone surface, 
are exceedingly rare in CLL and should suggest 
an alternate diagnosis if present [21]. The aggre-
gates in CLL are usually rounded and consist of 
monotonous, small lymphocytes with occasional 
admixed, larger nucleolated cells. Unlike in 
many types of lymphomatous infiltrates, reticu-
lin staining usually is not significantly increased 
or only mildly increased in the lymphoid aggre-
gates in CLL (Fig. 12.7d) [22]. A diffuse pattern 
of involvement (Fig. 12.7e) is seen in about 20% 
of patients biopsied and has been associated with 
an adverse prognosis, but this finding is not 
clearly independent of other prognostic risk fac-
tors, such as the genetic characteristics [23]. 
Proliferation centers are collections of enlarged 
CLL cells (medium-sized prolymphocytes and 
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large paraimmunoblasts with vesicular nuclei) 
that appear pale on low- power examination 
among the small, dark blue CLL lymphocytes. 
Proliferation centers commonly are seen in 

extramedullary tissues involved by CLL. In the 
bone marrow, they may be seen in the diffuse 
pattern of involvement and to a lesser degree 
within nodular aggregates [24].

a

c d

e f

b

Fig. 12.6 Chronic lymphocytic leukemia (CLL) cells in the 
blood. (a, b) Small lymphocytes predominate. They have 
round to slightly irregular nuclei, condensed chromatin, and 
scant, pale cytoplasm. Small nucleoli are not uncommon. 
(c–d) Prolymphocytes vary in numbers in CLL but are usu-
ally <10% of all lymphocytes. They are at least 1.5× larger 

than the small lymphocytes and have more abundant cyto-
plasm, more dispersed chromatin, and prominent central 
nucleoli. Atypical variant morphology in CLL includes cells 
with distinct nucleoli and/or significant nuclear irregularities 
(e, f); these cells do not qualify for prolymphocytes
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a b

c d

e f

Fig. 12.7 Bone marrow biopsy morphology in chronic 
lymphocytic leukemia (CLL). Cases most commonly 
have an interstitial (a) or non-paratrabecular nodular 
(b) infiltration pattern. (c) The nodules in CLL are com-
posed of small lymphocytes with round nuclei that often 
percolate into the surrounding marrow; large nucleolated 
cells are rare. (d) The nodules are usually associated with 
only small amounts of reticulin fibrosis, and hence the 

CLL cells are usually well represented in the aspirate 
smears. (e) In an advanced disease, the pattern is diffuse, 
with near complete effacement of the normal marrow ele-
ments. (f) CLL in Richter’s transformation. This patient 
presented with rapid onset pancytopenia following treat-
ment of CLL. Sheets of large cells replace the bone mar-
row. In this case, the large cell lymphoma cells retained 
CD5 and LEF1 expression (not shown)

12 B-Cell Lymphocytosis



338

105

104

103

101

102 103

CD19 PE-Cy7-A

C
D

5 
P

er
C

P
-C

y5
-5

-A

104 105

–102

–102

105

104

103

102

102 103

CD19 PE-Cy7-A
104 105

–102
100

–102

105

104

103

102

102 103

FMC7 FITC-A

C
D

5 
P

er
C

P
-C

y5
-5

-A

104 105

–102
100

102

–102
100

–102

105

104

103

101

102 103

CD23 PE-A

C
D

5 
B

V
 4

21
 V

45
0-

A

104 105

–102

–102

105

104

103

101

102 103

CD200 PE-A

C
D

20
 A

P
C

-H
7-

A

C
D

20
 A

P
C

-H
7-

A

104 105

–102

–102

105

104

103

102 103

CD200 PE-A

C
D

22
 A

P
C

-A

104 105–102

Fig. 12.8 CD200 is uniformly expressed in chronic lym-
phocytic leukemia (CLL), including atypical CLL cases. 
Upper panel shows a case of CLL with del(13q). Atypical 
features include dim/partial expression of CD5 and nega-

tivity for CD23. Lower panel shows a case of CLL with 
trisomy 12. Atypical features include bright CD20 and 
CD22 expression and expression of FMC7. Both cases 
show uniform CD200 expression

Occasionally, a bone marrow sample may be 
taken from patient with CLL that has undergone 
progression to diffuse large B-cell lymphoma 
(Richter’s syndrome), usually accompanied by 
rapidly increasing lymphadenopathy. These 
transformed CLL cases manifest as sheets of 
large lymphoid cells and may show areas of geo-
graphic necrosis (Fig. 12.7f).

 Immunophenotype
Immunophenotypic analysis of blood and/or 
bone marrow by flow cytometry is a corner-
stone of CLL diagnosis. CLL has a characteris-
tic immunophenotype, typically showing 
expression of CD19; dim expression of CD20, 
CD22, and monotypic surface immunoglobulin 
light chain; and co-expression of CD5 (usually 
at a somewhat dimmer level than that of benign 
T cells), CD23, CD43, and uniform bright 
CD200. Rare CLL cases (0.5–3%) may co-
express the T-cell marker CD8 [25]. FMC7, 

which recognizes an epitope of CD20 and is 
associated with bright expression of this pro-
tein, usually is dim or negative, as is CD79b. 
Surface immunoglobulin expression may be so 
low as to be undetectable by flow cytometry. 
However, investigation of permeabilized cells 
by flow cytometry usually discloses monotypic 
expression of cytoplasmic immunoglobulin in 
such cases. The hairy cell leukemia markers 
CD103 and CD25 are negative, although CD11c 
may be partially expressed in a subset of cases. 
Because CLL is a disease with various underly-
ing molecular genetic alterations, the existence 
of some immunophenotypic variability is not 
surprising. Atypical immunophenotypes that 
occur in otherwise typical CLL cases include 
partial/dim CD5, partial/negative CD23, and 
strong CD20 and/or surface immunoglobulin 
expression. CD200 is uniformly positive in 
CLL cases with atypical immunophenotypes 
(Fig. 12.8) [26].
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Immunohistochemistry is usually not required 
if full flow cytometric immunophenotyping has 
been performed, although applying B-cell markers 
such as PAX5, CD19, or CD79a can be helpful in 
quantifying the extent of CLL cell infiltration of the 
bone marrow biopsy. Performing CyclinD1 immu-
nostaining is prudent if mantle cell lymphoma has 
not been excluded by cytogenetics or FISH for a 
t(11;14) translocation. Some cases of mantle cell 
lymphoma may express CD23 or demonstrate 
other immunophenotypic features resembling CLL 
[27]. If confirmatory peripheral blood or bone mar-
row flow cytometry is not available, immunohisto-
chemistry can be used to evaluate non-paratrabecular 
lymphoid aggregates to assess for the possibility of 
CLL. However, there is morphologic overlap 
between the lymphoid aggregates of CLL and reac-
tive lymphoid aggregates that are not infrequent in 

the bone marrow of older individuals. Small T cells 
are usually admixed with the neoplastic aggregates 
of CLL. Close inspection of the CD5 stain relative 
to the stains for B cells as well as application of 
other T-cell markers (such as CD3) are important in 
disclosing the aberrant CD5+ B-cell population in 
CLL, which usually shows dimmer staining for 
CD5 than the admixed normal T cells [28]. LEF1 
immunostain is helpful in confirming a diagnosis 
of CLL, as it is expressed in almost all cases and is 
negative in normal B cells and in other B-cell lym-
phomas [29]. LEF1 does stain T cells, thus this 
stain always should be reviewed together with a 
CD3 immunostain (Fig. 12.9) [30].

 Cytogenetics and Molecular Genetics
Routine cytogenetic analysis of CLL often is 
uninformative because of the poor growth of 

a

c

b

d

Fig. 12.9 LEF1 staining in CLL diffusely involving the 
bone marrow. Nearly all the cells in the bone marrow 
biopsy are PAX5+ B cells (a), with few CD3+ T cells (b). 
LEF1 immunostain (c) is positive in cells corresponding 

to the PAX5+ CLL cells. (d) Another case showing a 
Richter transformation of CLL in the bone marrow, which 
is also LEF1 positive
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CLL cells in culture. However, interphase FISH 
study on the neoplastic lymphocytes from the 
blood or bone marrow can identify several 
recurring abnormalities associated with CLL 
that have important prognostic implications: 
80% of CLL cases exhibit at least one such 
abnormality [31]. The most common abnormal-
ity is del(13q), which is associated with a favor-
able prognosis provided it is the only detected 
abnormality. The less frequent abnormalities 
del(11q), del(17p), and del(6q) are associated 
with an inferior prognosis, and trisomy 12 is 
associated with an intermediate prognosis. 
In particular, del(17p) that results in the loss of 
the TP53 gene predicts a relatively aggressive 
clinical course. Mutations occur in NOTCH1, 
SF3B1, ATM, and other genes in a minority of 
cases [32, 33].

An important molecular genetic prognostic 
marker is the mutational status of the IGH gene 
variable region. About half of CLL cases show 
high levels of somatic hypermutation (implying 
origin from a lymphocyte at the germinal center 
or post-germinal center stage of differentiation), 
and these cases have a better prognosis than cases 
that lack somatic hypermutation (implying origin 
from a naïve, pre-germinal center lymphocyte). 
However, assessment of the somatic mutational 
status is a specialized test that is not available in 
most laboratories. Immunophenotypic surrogates 
that correlate with unmutated CLL (and a poorer 
prognosis) include expression of ZAP-70 on 
more than 20% of the tumor cells [34] and 
CD38 expression on more than 30% of the tumor 
cells [35]. Although these markers do not corre-
late perfectly with the mutational status, they do 
provide useful prognostic information.

 Differential Diagnosis
The differential diagnosis of CLL includes other 
small B-cell lymphomas and some nonmalig-
nant conditions. Among the lymphomas, mantle 
cell lymphoma (MCL) can bear a close morpho-
logic resemblance to CLL and can present as a 
leukemia. The proliferation centers that are a 
clue to CLL diagnosis in lymph nodes are usu-
ally absent in CLL involving the bone marrow. 
Immunophenotypic analysis is critical for show-
ing bright (as opposed to dim) expression of 

CD20 and surface immunoglobulin in MCL 
and, typically, lack of CD23. Additionally, 
CD200 is negative in >95% of MCL cases [26, 
36] (Fig. 12.10). The gold standard of MCL 
diagnosis is demonstration of cyclinD1 expres-
sion by immunohistochemistry and/or CCND1 
rearrangement by cytogenetics, FISH, or poly-
merase chain reaction (PCR) on a bone marrow 
or blood sample. Of note, some cyclinD1 
expression may be detected within the prolifera-
tion centers of CLL, but it is not strong and uni-
form as the expression in MCL [37]. Marginal 
zone lymphomas do not infrequently express 
CD5, potentially mimicking CLL. Conversely, 
some CLL cases have abundant cytoplasm, 
mimicking the villous lymphocytes of splenic 
marginal zone lymphoma, and splenomegaly 
also is relatively common in CLL. The lympho-
cyte count in CLL usually is higher than in 
splenic marginal zone lymphoma, and on well-
prepared smears, the characteristic regularly 
condensed chromatin of CLL is a helpful clue. 
In difficult cases, FISH analysis can be very 
helpful, because splenic marginal zone lympho-
mas do not usually show the common cytoge-
netic abnormalities of CLL and may show other 
abnormalities, such as interstitial deletion of 7q. 
Cases of CLL with abundant cytoplasm on 
smear preparations may raise the differential 
diagnosis of hairy cell leukemia. However, CLL 
cases in bone marrow sections do not show the 
abundant, pale cytoplasm that characterizes 
almost all hairy cell leukemia cases and also 
lack expression of CD103 and CD25. Tables 
12.2 and 12.3 present the various pathologic 
features that aid in the differential diagnosis of 
CLL with other B-cell leukemias and lympho-
mas that involve the bone marrow.

The main nonmalignant disorder that may 
be confused with CLL is monoclonal B 
 lymphocytosis (MBL). This is a clonal prolif-
eration of B cells that usually have an immuno-
phenotype similar to that of CLL but are 
present in insufficient numbers (fewer than 
5 × 109/L in the blood, without extramedullary 
tissue involvement) to warrant a diagnosis of 
CLL. MBL is relatively common and is analo-
gous to monoclonal gammopathy of undeter-
mined significance (MGUS). The incidence of 
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Fig. 12.10 Immuno phenotypic comparison of mantle 
cell lymphoma (MCL, left panel) and chronic lympho-
cytic leukemia (CLL, right panel). MCL is typically 
CD20 bright+, CD5+, CD23- (or only partially positive, 

as in this case), surface light chain bright+, and CD200-. 
In contrast, CLL is typically CD20 dim or partial+, 
CD23+, surface light chain dim+, and CD200 
uniformly+
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MBL increases with age, and 3.5% of adults 
over the age 40 harbor a detectable B-cell clone 
in the blood [38]. These circulating B-cell 
clones often are discovered incidentally when 
peripheral blood is subjected to flow cytometry 
for other reasons. About two- thirds of cases of 
MBL have a typical CLL immunophenotype; 
these cases are the best studied, have a rela-
tively predictable likelihood of progressing to 
CLL based on the monoclonal B-cell count 
(see below), and are termed “CLL-type” 
MBL. The remaining cases encompass MBL 
with an atypical CLL immunophenotype (due 
to bright CD20 expression, bright surface light 
chain expression, and/or negativity for CD23) 
and those with a CD5- immunophenotype. 
Cases of MBL that do not have a typical CLL 
immunophenotype warrant further investiga-

tion for lymphadenopathy or other possible 
sites of disease, as they may represent cases of 
MCL or other B-cell lymphomas that have not 
yet come to clinical attention (Fig. 12.11) [39].

CLL-type MBL represents a precursor of 
CLL, and a small but significant percentage of 
patients (about 1% per year) progress to CLL; the 
incidence is somewhat higher for patients with 
high-count MBL (monoclonal B-cell count 
0.5–5 × 109/L) [38]. The bone marrow findings 
for patients with MBL have not been extensively 
studied. In one study, almost all cases had detect-
able clonal B cells in the bone marrow identified 
by flow cytometry, while 80% had abnormal lym-
phoid infiltrates in the bone marrow biopsy, with 
variable infiltration patterns and extent of 
involvement [40]. It is uncertain whether patients 
with fewer than 5 × 109/L CLL cells in the blood 

Table 12.3 Features aiding in the differential diagnosis of chronic lymphocytic leukemia versus 
other small B-cell lymphomas involving the bone marrow

Feature CLL LPL MCL FL

Percent of patients with 
marrow involvement

>90% >90% >80% 40–70%

Marrow infiltration 
pattern

Nodular (non- 
paratrabecular), 
interstitial, diffuse

Any pattern Diffuse, nodular 
(often 
paratrabecular)

Nodular, 
paratrabecular

Cell morphology Small, round to 
irregular nuclei, 
condensed chromatin

Spectrum of 
small round 
lymphocytes to 
mature plasma 
cells

Small to medium, 
irregular nuclei, 
moderately 
dispersed chromatin

Small, angulated 
nuclei, condensed 
chromatin; variable 
number of large 
cells

Immunophenotype CD20 dim+ CD20+ CD20 br+ CD20+

CD5+, 
CD10-CD23+
LEF1+
CD200+

CD5-/+, 
CD10- CD23-/+
LEF1-
CD200-

CD5+, 
CD10-CD23/+
LEF1-
CD200-

CD5-, 
CD10+/- CD23-/+
LEF1-
CD200-

CyclinD1-
SOX11-

CyclinD1-
SOX11-

CyclinD1+
SOX11+/-

CyclinD1-
SOX11-

BCL6- BCL6- BCL6- BCL6+/- (in 
marrow)

Usually no clonal 
plasma cells

IgM+ clonal 
plasma cells

Usually no clonal 
plasma cells

Usually no clonal 
plasma cells

Paraprotein Usually low or 
absent

High; almost 
always IgM

Usually absent Usually absent

Genetic findings del(13q), del(11q), 
del(17q), del(6q), 
+12

MYD88 mutation t(11;14) with 
CCND1 
rearrangement

t(14;18) with BCL2 
rearrangement

CLL chronic lymphocytic leukemia, LPL lymphoplasmacytic lymphoma, MCL mantle cell lymphoma, FL follicular 
lymphoma, br bright, + positive in vast majority of cases, +/- positive in most cases, -/+ positive in a minority of cases, - 
negative in vast majority of cases
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but with bone marrow infiltrates resembling CLL 
should be classified as CLL or as MBL. The 
International Workshop on Chronic Lymphocytic 
Leukemia (IWCLL) recommends that the mar-
row should contain at least 30% lymphoid cells 
to qualify for CLL, but this is an arbitrary figure 
and is not included in the criteria for diagnosing 
CLL in the 2016 WHO Classification.

 B-Cell Prolymphocytic Leukemia

As defined by the current 2016 WHO Classification 
system, B-cell prolymphocytic leukemia (B-PLL) 
is a de novo leukemia in which prolymphocytes 

comprise at least 55% of the peripheral blood 
lymphoid cells. Defined as such, B-PLL is a rare 
disease.

 Clinical Features
B-PLL affects older adults. The median age is 
60–70 years, and a slight male preponderance is 
seen. Patients usually present with systemic symp-
toms and splenomegaly but, in contrast to most 
cases of leukemic MCL, without significant lymph-
adenopathy. A marked leukocytosis (typically 
>50 × 109/L) with a rapid lymphocyte doubling 
time is characteristic. B-PLL has a much poorer 
prognosis than CLL [41].
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 Morphology
In the blood, the vast majority of the lymphoid cells 
(by definition at least 55%) are prolymphocytes, 
resembling those seen in much smaller numbers in 
CLL (Figs. 12.6c–d and 12.12). Although the pro-
lymphocyte nucleus usually is round, some cases 
may show prominent nuclear irregularities or lobu-
lations, but the main uniform feature of B-PLL is a 
prominent “punched out” central nucleolus. The 
cytoplasm of prolymphocytes is typically abundant 
and pale basophilic. The bone marrow is involved 
in all cases and can show interstitial, nodular, or 
diffuse patterns of involvement.

 Immunophenotype
Immunophenotypically, B-PLL shows expression 
of CD19 and strongly expresses CD20, CD22, 
CD79a, and CD79b. Unlike in CLL, FMC7 is 
strongly expressed. B-PLL also differs from CLL 
in its relatively infrequent expression of CD5 and 
CD23, seen in only a minority of cases [42].

 Cytogenetics and Molecular Genetics
Cytogenetic and FISH analysis shows some 
genetic relationship with CLL: del(17p) is pres-
ent in half the cases, TP53 mutations are fre-
quent, and del(13q) also is common. However, 
usage of the IGH variable region family in B-PLL 
appears distinct from that seen in CLL cases with 
increased prolymphocytes, which supports the 
separation of B-PLL from CLL advocated in the 
WHO Classification system [42].

 Differential Diagnosis
The main differential diagnosis in B-PLL is CLL 
with increased prolymphocytes. There is a spectrum 
of small lymphocytes and prolymphocytes in both 
B-PLL and CLL, but the latter predominate in 
B-PLL. The prolymphocytes in CLL show CD5 
expression much more often than in B-PLL, 
although CD23 may be lost when CLL cases develop 
an increase in prolymphocytes. Documenting a pre-
vious history of CLL is critical for excluding a diag-
nosis of de novo B-PLL in such cases.

Assessment for t(11;14) by FISH in a blood 
sample and/or for cyclin D1 expression in tissue 
sections is mandatory for excluding a leukemic 
presentation of MCL. Like B-PLL, hairy cell leu-
kemia variant (considered a subcategory of 
unclassifiable splenic B-cell lymphoma/leukemia 
in the 2016 WHO Classification system) shows 
prominent splenomegaly and leukocytosis at pre-
sentation. The neoplastic cells in the peripheral 
blood usually are somewhat enlarged compared 
to small lymphocytes, but they are smaller than 
B-PLL cells and have less prominent nucleoli. 
Hairy cell leukemia variant lacks many charac-
teristic markers of hairy cell leukemia, such as 
CD25 and annexin A1, but unlike B-PLL, it usu-
ally is CD103+ [43]. Distinguishing between 
B-PLL and hairy cell leukemia variant morpho-
logically may be difficult in some cases; an intra-
sinusoidal infiltrate in the bone marrow may be a 
helpful clue that suggests the hairy cell leukemia 
variant [44]. Features that aid in the differential 
diagnosis of B-PLL with other B-cell leukemias 
are listed in Table 12.2.

 Mantle Cell Lymphoma

Mantle cell lymphoma is a systemic B-cell lym-
phoma that usually presents with diffuse lymphade-
nopathy. It involves the bone marrow in nearly all 
cases at diagnosis, and circulating lymphoma cells 
can be detected in the peripheral smear and by flow 
cytometry immunophenotyping in most patients.

 Clinical Features
About 25% of patients have peripheral lympho-
cytosis (>5 × 109/L), and 5–10% of patients 

Fig. 12.12 B-cell prolymphocytic leukemia. Most of the 
circulating lymphocytes are large prolymphocytes with 
prominent central nucleoli
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manifest a frankly leukemic presentation with 
marked leukocytosis that may mimic an acute 
leukemia [45]. Such patients usually present 
with symptoms related to splenomegaly and/or 
cytopenias. Unlike in CLL, incidental discovery 
of leukemic MCL on a routine blood count eval-
uation is rare [46]. The median lymphocyte 
count in leukemic cases is 58 × 109/L, and one-
third of patients present with a lymphocyte count 
greater than 100 × 109/L. Leukemic non-nodal 
MCL, recognized as a specific disease variant in 
the 2016 WHO Classification, refers to patients 
presenting with blood and bone marrow involve-
ment, but without significant lymphadenopathy. 
Patients with this variant of disease appear to 
have a better prognosis compared to patients 
with classic MCL, often manifesting a stable dis-
ease for many years [47, 48].

 Morphology
The appearance in aspirate and peripheral 
smears is heterogeneous. Although the neoplas-
tic cells often vary in size in smear preparations 
and may or may not have prominent nucleoli, 
the chromatin tends to be more dispersed than 
that of the cells of CLL, and the nuclei usually 
have irregular or cleaved nuclear borders 
(Fig.12.13a, b). A common feature that can be a 
helpful clue to the diagnosis is the presence of 
a small subset of binucleated or trinucleated 
cells [45]. In cases of the blastoid variant, cells 
usually have finely dispersed chromatin and 
inconspicuous nucleoli resembling lympho-
blasts; in other cases, prominent nucleoli resem-
bling myeloblasts or prolymphocytes may be 
seen (Fig. 12.13c, d) [49]. Cells of the leukemic 
non-nodal variant are often small and can 
resemble the cells of CLL.

In bone marrow biopsy sections, most cases 
show a nodular pattern of involvement that includes 
paratrabecular infiltrates in almost half of the cases. 
Interstitial and diffuse patterns also are common 
(Fig. 12.13e). In biopsy sections, neoplastic cells 
are small to medium sized with irregular nuclei. 
Rare leukemic cases may show a prominent intra-
sinusoidal growth pattern [50]. The blastoid variant 
has somewhat larger cells with more dispersed 
chromatin and a brisk mitotic rate.

 Immunophenotype
By flow cytometry, a CD20 bright+, CD10-, 
CD5+, CD23-, FMC7+, and CD200- pheno-
type is characteristic; a small subset of cases 
may be CD5- or CD23+ (Fig. 12.10) [46]. 
CD200+ MCL, comprising <5% of cases, 
appears to have an indolent clinical course 
[47]. Identification of a t(11;14) involving the 
CCND1 locus by cytogenetics or FISH analy-
sis (see below) and/or demonstration of 
cyclinD1 expression by immunohistochemis-
try (Fig. 12.13f) is critical, particularly in dif-
ferentiating MCL from CLL and other small 
B-cell lymphomas. SOX11 is positive in the 
vast majority of cases, including the CD5- and 
CyclinD1-negative variants [51, 52]; however, 
SOX11 is usually negative in the leukemic 
non-nodal variant [47]. Demonstrating the 
presence of surface immunoglobulin expres-
sion and lack of TdT is helpful for distinguish-
ing the blastoid variant of MCL from 
B-lymphoblastic lymphoma/leukemia.

 Cytogenetics and Molecular Genetics
The genetic hallmark of MCL is the t(11;14)
(q13;q32) translocation resulting in IGH/CCND1 
rearrangement, which drives  overexpression of 
the CyclinD1 protein detected by immunohisto-
chemistry. This is present in almost all MCL 
cases. The rare cases lacking IGH/CCND1 rear-
rangement often have CCND1 rearrangement 
with another immunoglobulin locus or have 
CCND2 rearrangements [53]. Similar to CLL, 
deletions of 17p13 and 11q22–23 (ATM) loci or 
trisomy 12 may be observed.

 Differential Diagnosis
CyclinD1 and SOX11 immunostaining have sim-
plified the differential diagnosis of MCL with 
other small B-cell lymphomas. Other features 
that help distinguish MCL from other small 
B-cell lymphomas involving the bone marrow are 
listed in Table 12.3. The most difficult differen-
tial is with CLL, which is the most common lym-
phoid leukemia and can show significant 
immunophenotypic and morphologic overlap 
with mantle cell leukemia, particularly the non-
nodal leukemic variant. CyclinD1 should always 
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a b

c d

e f

Fig. 12.13 Mantle cell lymphoma. Leukemic dis-
ease can present with a wide range of peripheral 
blood cytologies and degrees of leukocytosis. (a) In 
this case, there is modest lymphocytosis composed of 
slightly enlarged lymphoid cells with distinct nucle-
oli and often clefted nuclei. (b) In this case, the cells 
are small and nucleoli are inconspicuous, but there 
are pronounced nuclear membrane irregularities. (c) 
This patient presented with profound leukocytosis 
(white blood cell count of 643 × 109/L) and medium 

to large cells, representing the blastoid variant of 
mantle cell leukemia. (d) Blastoid mantle cell leuke-
mia cells seen in the bone marrow aspirate smear 
with prominent nucleoli and dispersed chromatin, 
admixed with small, mature lymphocytes. (e) Mantle 
cell leukemia (classical type) diffusely involving the 
bone marrow as predominantly small, irregular lym-
phocytes that are shown to express CyclinD1 by 
immunohistochemistry (f)
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be assessed by immunohistochemistry or by eval-
uating for a CCND1 rearrangement prior to ren-
dering a definitive diagnosis of CLL, even if the 
immunophenotype and morphology appear to 
suggest this diagnosis. Of note, hairy cell leuke-
mia and plasma cell myeloma frequently express 
CyclinD1, but the characteristic morphologic and 
other immunophenotypic features of these neo-
plasms allow their distinction from MCL.

When presenting as a leukemia or as the blas-
toid variant, MCL often shows prominent nucle-
oli and dispersed chromatin and may mimic an 
acute myeloid or lymphoid leukemia morpho-
logically (Fig. 12.13c, d). However, the cells in 
the bone marrow biopsy often lack the promi-
nent nucleoli present in the blood smears. 
Immunophenotyping can readily distinguish 
MCL from acute leukemias. The frequently 
prominent nucleoli, marked leukocytosis, and 
splenomegaly that often characterize MCL with 
a leukemic presentation have led to previous 
classification of some cases with B-PLL. 
However, currently mature B-cell leukemias 
with CCND1 rearrangement now are considered 
to represent MCL, irrespective of any morpho-
logic resemblance to B-PLL.

 Hairy Cell Leukemia

Hairy cell leukemia (HCL) is a mature B-cell 
lymphoma that primarily involves the blood and 
bone marrow, as well as the splenic red pulp. 
Patients usually present with one or more cyto-
penias and a relatively low level of circulating 
neoplastic hairy cells. The neoplastic B cells 
have characteristic surface “hairy” projections, 
best visualized on the peripheral blood smear. As 
the therapeutic approach to HCL is distinct from 
other lymphomas, it is essential to accurately 
diagnose the disease and to differentiate it from 
other B-cell lymphomas so that patients receive 
the right therapy.

 Clinical Features
HCL is uncommon, representing only 2% of all 
leukemias [2]. The median age at diagnosis is 
50 years, with a marked male predominance 

(male/female ratio 4:1) [54]. Patients with HCL 
present most often with symptoms related to one 
or more cytopenias, such as infections, weak-
ness, or fatigue. Sometimes the disease is diag-
nosed when a complete blood count (CBC) 
discloses cytopenias in an asymptomatic patient 
[55]. Unlike most other B-cell lymphomas dis-
cussed in this chapter, HCL is characterized by a 
leukopenic rather than a leukemic presentation 
[56]. The presence of marked leukocytosis with 
numerous circulating neoplastic cells tends to 
suggest hairy cell variant (see below) or another 
lymphoma subtype. Monocytopenia is present in 
almost all cases at diagnosis and can be a helpful 
clue in suggesting a diagnosis of HCL in a cyto-
penic patient; conversely, a diagnosis of HCL 
would be very unusual in a patient with a normal 
monocyte count. Palpable splenomegaly is pres-
ent in most patients at diagnosis, but up to 25% 
of patients lack splenomegaly at diagnosis [54, 
55, 57]. Peripheral lymphadenopathy is uncom-
mon, in contrast to many other mature B-cell 
leukemias.

 Morphology
A diagnosis of HCL can usually be estab-
lished on peripheral blood findings (morphol-
ogy and immunophenotype) in the context of 
the typical clinical features described above. 
However, bone marrow biopsy is recom-
mended in all newly diagnosed cases to deter-
mine the degree of marrow disease burden 
prior to treatment. Obtaining a good bone 
marrow core biopsy sample is essential, 
because the bone marrow aspirate is often 
poor or even unobtainable due the presence of 
bone marrow fibrosis [58].

Hairy cell morphology is best demonstrated 
on the peripheral blood smear: hairy cells are 
larger than small, mature lymphocytes and 
have oval or “bean-shaped” nuclei with dis-
persed chromatin and lack prominent nucleoli. 
In thin areas of the blood smear, hairy cell 
cytoplasm is relatively abundant and has a 
pale blue appearance. The cell surface is typi-
cally ruffled in appearance, and in many (but 
not all) cells, slender “hairy” projections can 
be visualized and are distributed around the 
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cell surface (Fig. 12.14a) [59]. Due to their 
abundant cytoplasm and dispersed chromatin, 
hairy cells may be erroneously counted as 
monocytes in the WBC differential; for this 
reason, the peripheral smear should always be 
carefully reviewed for monocytes versus hairy 
cells if HCL is in the differential diagnosis. 
The classic hairy cell morphology is often less 
evident in bone marrow aspirate smears or 
touch preparations, but can be seen in exten-
sively involved samples with well-prepared 
smears (Fig. 12.14b) [60].

In the BM biopsy, the HCL infiltrate is 
interstitial or diffuse and does not form nod-
ules, unlikely many B-cell lymphomas involv-
ing BM (Fig. 12.14c–e). The hairy cells appear 
monotonous with oval- or bean-shaped nuclei 
and clear cytoplasm that imparts a “fried egg” 
appearance to BM heavily involved by 
HCL. However, in more subtle examples of 
HCL, the BM is normocellular or even hypo-
cellular, and the hairy cells may be obscured as 
they percolate among the normal hematopoi-
etic elements [61]. Hematopoietic elements 
may manifest morphologic dysplasia, poten-
tially mimicking a myelodysplastic syndrome 
[62]. Significant reticulin fibrosis is found in 
most cases (Fig. 12.14f) but may be lacking in 
some cases with a smaller degree of involve-
ment [63].

 Immunophenotype
Even if a BM aspirate sample is unobtainable, 
the diagnostic HCL immunophenotype can 
almost always be demonstrated by performing 
flow cytometry on the peripheral blood. The 
neoplastic cells of HCL express bright CD45, 
bright CD20, and bright CD19, FMC-7, CD22, 
and CD79a. CD5, CD10, and CD23 are usually 
negative, but CD5 has been reported to be posi-
tive in about 5% of cases and CD10 in up to 
26% [64, 65]. Bright expression of CD11c, 
CD25, and CD103 is characteristic of HCL, and 
these markers should be added to the PB and 
BM flow cytometry panels in all cases where 
HCL is a diagnostic consideration. Light chain 
assessment can be difficult due to the “sticki-
ness” of the cell surfaces that may bind both 

kappa and lambda nonspecifically. CD123 and 
CD200 are expressed in almost all cases [66]. 
Beyond the immunophenotypic features, the 
characteristic high forward and side scatter 
qualities of hairy cells on flow cytometry can be 
a clue to the diagnosis. Care must be taken not 
to exclude these cells from the lymphocyte gate 
when performing the flow cytometry analysis 
(Fig. 12.15).

If the characteristic HCL immunophenotype 
(including positivity for CD103, CD25, and 
CD11c) can be demonstrated by flow cytometry, 
paraffin section immunohistochemistry on the 
biopsy sample usually is unnecessary, except to 
help quantify involvement. Routine B-cell 
markers such as CD20 and CD79a often reveal 
far more hairy cells than are expected based on 
the H&E stain. HCL cells express CD25, 
CD123, CD11c, and Annexin A1 by immuno-
histochemistry, but some of these antigens also 
are expressed in other marrow cells (such as 
Annexin A1 positivity in neutrophils), which 
can render interpretation difficult if the degree 
of involvement is modest. DBA.44 stains hairy 
cells in bone marrow trephine sections, but it 
may not stain all the neoplastic cells, and it is 
expressed in other lymphomas, such as splenic 
marginal zone and splenic diffuse red pulp 
B-cell lymphoma. Cyclin D1 is weakly 
expressed in most cases [67] despite the lack of 
any associated CCND1 rearrangement in HCL 
[68]. The neoplastic cells can also be disclosed 
by using an antibody against mutated BRAF 
protein, which is applicable to paraffin- 
embedded decalcified bone marrow sections 
and correlates with the presence of BRAF muta-
tion in nearly all HCL cases (see below) [69, 70] 
(Fig. 12.16).

 Cytogenetics and Molecular Genetics
Routine cytogenetic analysis of HCL is generally 
not indicated, and no prognostic cytogenetic 
markers have been identified [71]. Despite 
CyclinD1 expression in most HCL cases [67], 
translocations involving the CCND1 locus do not 
occur in HCL [68, 72]. A point mutation in the 
BRAF gene (V600E), an oncogene located at 
chromosome 7q24, is present in the vast majority 
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Fig. 12.14 Hairy cell leukemia (HCL) peripheral blood 
and bone marrow morphology. (a) HCL cells in the 
peripheral blood are usually sparse; in this rare example 
with leukocytosis, several neoplastic cells are seen, which 
have oval or indented nuclei, relatively dispersed chroma-
tin, absent nucleoli, and abundant, flocculent cytoplasm 
with numerous circumferential delicate hairy projections. 
(b) In this bone marrow specimen that was heavily 
involved with HCL, numerous hairy cells are evident, 
with flocculent pale basophilic cytoplasm; hairy projec-
tions are generally not as well preserved in aspirate smears 
compared to peripheral blood smears. (c) In bone marrow 

heavily involved by HCL, the cells may appear markedly 
elongated or spindled. (d) Some early cases of HCL show 
subtle interstitial involvement that can be missed on 
casual inspection. In this case, the HCL cells are visible as 
ovoid nuclei infiltrating among marrow elements. 
Immunostains typically reveal a much higher number of 
HCL cells than suspected on the histology (CD20 immu-
nostain for this case shown in Fig. 12.16a). (e) HCL cells 
on high magnification show a “fried egg” appearance in 
tissue sections. (f) Reticulin is increased in most bone 
marrows involved by HCL
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of HCL and is absent from other small B-cell 
lymphomas [73]. The BRAF V600E mutation can 
be detected in bone marrow aspirates or periph-
eral blood by allele-specific PCR or next- 
generation sequencing technologies. Rarely, 
alternative BRAF mutations may occur in exon 
11 [74]. The BRAF V600E mutation causes con-
stitutive activation of the MAP kinase signaling 
pathway, an important pathway underlying the 
pathogenesis of HCL [75].

 Differential Diagnosis
Hairy cell leukemia usually can be diagnosed 
accurately with the proper workup, as long as it is 
considered in the differential diagnosis. However, 
if the neoplastic infiltrate is subtle, erroneous 
diagnoses of MDS or even aplastic anemia may 
be rendered [61]. Immunostaining of the bone 
marrow biopsy specimen with a B-cell marker 
(such as CD20 and/or PAX5) is recommended in 

cases in which MDS is being considered, but 
HCL remains a possibility. Splenic marginal zone 
lymphoma is the most common differential diag-
nostic consideration. Although both splenic mar-
ginal zone lymphoma and HCL may show an 
intrasinusoidal pattern of marrow infiltration, the 
former usually also shows lymphoid nodules, 
which are characteristically absent in 
HCL. Circulating splenic marginal zone lym-
phoma cells have less prominent and blunter hairy 
projections, which are “polarized” to one section 
of the cell surface, unlike the encircling hairy pro-
jections seen in hairy cells [76]. Although splenic 
marginal zone lymphoma is also negative for CD5 
and CD10, it does not typically manifest the 
CD103+, CD25+, and CD11c+ phenotype char-
acteristic of HCL; it also is CD123- and negative 
for annexin A1 and cyclinD1. Morphologic and 
clinical features that help in the differential diag-
nosis of HCL with other B-cell leukemias are 
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Fig. 12.15 Hairy cell leukemia flow cytometry findings. 
Hairy cell leukemia cells (pink) and background normal B 
cells (blue). Hairy cell leukemia cells have high SSC, fall-
ing into the monocyte region (CD45/SSC). Hairy cell leu-

kemia cells are brightly positive for CD22, CD20, CD11c, 
CD25, and CD103. They are also uniformly bright 
CD200+. About 20% of hairy cell leukemias are CD10+, 
as illustrated in this case
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listed in Table 12.2. Splenic diffuse red pulp small 
B-cell lymphoma remains a provisional entity 
within the category of “splenic B-cell lymphoma/
leukemia, unclassifiable” in the 2016 WHO 
Classification system. It has a splenic infiltration 
pattern similar to that of HCL but also bone mar-

row intrasinusoidal involvement similar to that 
seen in splenic marginal zone lymphoma. The 
immunophenotype is more akin to splenic mar-
ginal zone lymphoma, although some cases can 
express CD123 or CD103, and DBA.44 fre-
quently is positive [77, 78].

a b

c d

e f

Fig. 12.16 Hairy cell leukemia (HCL) immunohisto-
chemistry. (a) CD20 often reveals far more hairy cells 
than suspected on the histologic sections; unlike most 
other B-cell lymphomas, HCL does not form nodules in 

the bone marrow. The neoplastic HCL cells are positive 
for CD25 (b), CD123 (c), CyclinD1 (d), and AnnexinA1 
(e). Immunostain for mutated BRAF protein (f) is positive 
in almost all HCL, although staining may be weak
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 Hairy Cell Variant

Hairy cell variant (HCL-v) is a distinct B-cell leuke-
mia, classified separately from HCL in the 2016 
revised WHO Classification within the category of 
“splenic B-cell lymphoma/leukemia, unclassifi-
able.” It is only about 10% as frequent as HCL 
(which itself is a rare disease). HCL-v differs mor-
phologically, immunophenotypically, and clinically 
from HCL and also shows distinct genetic aberra-
tions [79]. HCL-v patients tend to be older than 
HCL patients, with a median age of 71 years. In 
contrast to HCL, there is usually marked leukocyto-
sis with a white blood count over 30 x 109/L and 
with numerous circulating neoplastic cells [80, 81]. 
Patients often have massive splenomegaly. The leu-
kemic cells resemble hairy cells in terms of having 
abundant cytoplasm and surface projections, but 
also have prominent central nucleoli that are not 
typically seen in HCL, resembling prolymphocytes 
(Fig. 12.17) [80]. Monocytopenia is absent.

The pattern of bone marrow infiltration is sim-
ilar to that in HCL, but HCL-v typically lacks 
bone marrow fibrosis [80]. An intrasinusoidal 
infiltration pattern may be observed [44]. 
Immunophenotypically, HCL-v shares expres-
sion of DBA.44 and CD103 with HCL and is 
often also CD11c positive, but it is negative for 
CD25, CD123, CyclinD1, and AnnexinA1 [81–
83]. CD200 is either negative or dimly expressed 
(Fig. 12.18).

HCL-v lacks BRAF mutations, but up to half 
of HCL-v cases bear activating mutations in the 
MAP2K1 gene [84, 85]. A high proportion of 
HCL-v cases show TP53 gene deletion [86] and/
or TP53 mutations [87]. The clinical course of 
HCL-v is more aggressive than classical hairy 
cell leukemia, and patients usually do not respond 
to therapies administered to treat HCL; thus, it is 
important to correctly distinguish between HCL 
and HCL-v [80].

 Splenic Marginal Zone Lymphoma

Splenic marginal zone lymphoma (SMZL) 
involves peripheral blood and the bone marrow in 
the vast majority of cases, and the diagnosis is 
often made based on the peripheral blood and 
bone marrow features rather than on a splenec-
tomy specimen [88].

 Clinical Features
Patients usually present with splenomegaly and 
lymphocytosis, often with other cytopenias due to 
hypersplenism and/or bone marrow infiltration. 
Up to 25% have lymphadenopathy, but this usually 
is localized to the abdomen. Peripheral lymphade-
nopathy at presentation is rare [89]. Most patients 
have absolute lymphocytosis, and rare patients 
may present with lymphocytosis before the devel-
opment of splenomegaly [90]. Even in patients 

a b

Fig. 12.17 Hairy cell variant morphology in peripheral 
blood. (a) Hairy cell variant cells resemble HCL cells, but 
have distinct nucleoli and are somewhat larger. (b) Some 

cases may have prominent nucleoli resembling prolym-
phocytes; these cells demonstrate typical surface hairy 
projections
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Fig. 12.18 Hairy cell leukemia variant flow cytometry 
findings, showing hairy cell leukemia variant cells (pink) 
and background normal B cells (blue). Hairy cell leukemia 
variant cells are CD103+ and CD25-. CD11c expression in 

this case is rather dim, and CD22 shows a similar level to 
normal B cells, contrasting typical bright CD22 expression 
in hairy cell leukemia. CD200 is uniformly positive but at 
a dimmer level than hairy cell leukemia

lacking lymphocytosis at  presentation, neoplastic 
cells usually can be identified on the peripheral 
smear and/or detected by flow cytometry.

 Morphology
Circulating neoplastic cells are medium sized to 
occasionally large in size and have oval nuclei, 
inconspicuous nucleoli, and a moderate amount of 
pale, basophilic cytoplasm; some may appear 
plasmacytoid. Cytoplasmic villous projections are 
reported to be located at one aspect of the cell sur-
face (polarized) and are relatively short compared 
to the longer villi present all around the cell sur-
face in HCL (Fig. 12.19). However, these findings 
may not be demonstrable in many cases [91]. In 
the bone marrow aspirate, the neoplastic cells are 
more heterogeneous and show a range of cell sizes 
and nuclear shapes. Monocytoid cells with moder-
ately abundant, clear cytoplasm, small plasmacy-
toid cells, and occasional large cells that resemble 

centroblasts may be observed [92]. As with HCL, 
the villous projections of SMZL usually are not as 
well displayed in the bone marrow aspirate as in 
the peripheral blood smears [90].

Bone marrow involvement usually manifests 
as non-paratrabecular nodules, sometimes 
 surrounding reactive germinal centers, and as 
intrasinusoidal infiltration. Paratrabecular and 
interstitial infiltrates can also occur [88, 93]. 
Intrasinusoidal lymphoma involvement is char-
acterized by small chains or clusters of neoplas-
tic lymphoid cells within vascular sinuses, 
usually clearly identifiable only through immu-
nohistochemistry (see below) (Fig. 12.19). 
Although commonly observed in SMZL, intra-
sinusoidal involvement is not present in all cases 
and can be seen in other types of lymphoma [88, 
94]. An exclusively intrasinusoidal pattern, 
which may be overlooked on routine histology, 
is present in about 10% of cases of SMZL [95].
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 Immunophenotype
The immunophenotype of SMZL is CD19+, 
CD20 bright+, and CD10- and usually CD5-, 
CD103-, and CD25-. CD11c and CD23 can be 

positive or negative. CD200 is often partially 
expressed, in contrast to its uniform expression in 
HCL and CLL and its absence of expression in 
MCL and follicular lymphoma. DBA.44 can be 

a b

c d

e f

Fig. 12.19 Splenic marginal zone lymphoma (SMZL) mor-
phology. (a, b) In the peripheral blood, SMZL cells generally 
resemble hairy cell leukemia cells but tend to have more baso-
philic cytoplasm, rounder nuclei, more condensed chromatin, 
and projections that are polar rather than circumferential (seen 
in the top cell in a). (c) The bone marrow infiltrate is often 

subtle. (d) On high power, a collection of small, mature lym-
phoid cells is seen in a pattern suggesting intrasinusoidal 
involvement. Intrasinusoidal infiltration, characteristic of 
SMZL, is best demonstrated with B-cell immunostains such 
as CD20 (e) or PAX5 (f), which show groups and linear arrays 
of cells within the bone marrow sinusoids
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positive by immunohistochemistry, although the 
staining is less uniform and is weaker than in 
splenic diffuse red pulp small B-cell lymphoma 
[78]. Expression of CD5 at variable levels can be 
seen in 10–15% of cases, and this finding alone 
does not exclude the diagnosis, provided CLL and 
MCL can be ruled out; CD5 expression may be 
more frequent in the bone marrow than in the 
spleen [96]. Applying immunohistochemistry for 
B-cell markers such as CD20 or PAX5 is very 
helpful at disclosing the intrasinusoidal infiltration 
pattern that is characteristic of SMZL (Fig. 12.19e, 
f). Monotypic plasma cells are found in some 
cases [93]. Immunohistochemistry for follicular 
dendritic cell markers such as CD21 and CD23 
may disclose colonized germinal center remnants 
within the lymphomatous nodules.

 Cytogenetics and Molecular Genetics
There are no specific cytogenetic findings in 
SMZL and there are no BCL2 or CCND1 rear-
rangements. Of note, about one-third of cases 
show deletion of 7q, which is not frequently 
found in other lymphoma subtypes [97, 98], 
while a smaller number have a t(2;7)(p12;q21) 
translocation [99]. NOTCH2 mutations are found 
in 10–25% of cases and are relatively infrequent 
in other B-cell lymphomas, while KLF2 muta-
tions are seen in a similar proportion of SMZL 
but are less specific [100–102].

 Differential Diagnosis
The combination of a nodular marrow infiltrate 
(often with intrasinusoidal infiltration, disclosed 
by CD20 staining), characteristic morphology of 
the circulating neoplastic cells, and an immuno-
phenotype not specific for any other subtype of 
B-cell lymphoma often allows a diagnosis of 
SMZL in a patient with splenomegaly without 
the need for splenectomy [90]. The main differ-
ential diagnosis in such a context usually is lym-
phoplasmacytic lymphoma (LPL). Although 
about one-third of patients with SMZL have a 
serum paraprotein, the level usually is relatively 
low (less than 2 g/dL), and the paraprotein may 
be IgM or some other heavy chain type [103]. In 
contrast, the paraprotein in LPL is usually IgM 
(with some cases being IgG), and the level usu-

ally is higher. The majority of LPL cases do not 
have PB lymphocytosis. Also, LPL involvement 
of the BM usually is interstitial, nodular, or dif-
fuse, and intrasinusoidal involvement is uncom-
mon [103]. Plasma cells are invariably present in 
LPL, mixed with lymphocytes, and are almost 
always clonal. Demonstration of a MYD88 muta-
tion ultimately favors a diagnosis of LPL. Cases 
with heavy BM involvement and a prominent 
intrasinusoidal pattern may raise the differential 
of splenic diffuse red pulp small B-cell lym-
phoma, an entity that can be difficult or impos-
sible to distinguish from SMZL on bone marrow 
histology alone; in ambiguous cases, splenec-
tomy may be required for a definitive diagnosis. 
After splenectomy and/or chemotherapy, the 
extent of BM involvement by SMZL may either 
increase or decrease. Nodular and interstitial 
involvement tends to predominate over intra-
sinusoidal infiltrates later in the course of the 
disease [104].

 Lymphoplasmacytic Lymphoma

LPL is an uncommon B-cell neoplasm that arises 
from a post-germinal center B cell, shows plas-
macytic differentiation, and in most cases secretes 
an IgM paraprotein [105]. The IgM paraprotein 
may result in hyperviscosity and/or cryoglobuli-
nemia, a clinical syndrome called Waldenström 
macroglobulinemia.

 Clinical Features
LPL affects older adults, and a male predomi-
nance is seen. Most patients present with 
symptoms related to BM infiltration, such as 
anemia or infections, or hyperviscosity [106]. 
There is almost always a serum M protein, 
usually IgM and rarely IgG or other immuno-
globulin subtypes. Patients who present with 
the hyperviscosity picture of Waldenström 
macroglobulinemia have a particularly high 
serum IgM level: the median level in these 
patients is 3.8–5.1 g/dL, whereas the reported 
median IgM level in lymphoplasmacytic lym-
phoma overall is 1.5–2.2 g/dL [105–107]. 
Some cases may be associated with hepatitis C 
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infection, commonly with concomitant type II 
cryoglobulinemia [108]. Up to 30% of patients 
have lymphadenopathy and/or splenomegaly 
[109].

 Morphology
Plasmacytoid lymphocyte cells can circulate in 
the peripheral blood but are usually infrequent in 
LPL [110], and flow cytometry on the blood may 
fail to disclose any clonal B-cell population; 
overt lymphocytosis is rare. When LPL cells are 
present on the peripheral smear, they show simi-
lar features to those in the BM aspirate smear 
(see below). Prominent RBC clumping may be 
seen due to red cell agglutination.

The BM is involved in almost all cases at pre-
sentation, and the diagnosis is usually made on 
BM biopsy. The infiltration patterns vary: inter-
stitial and nodular non-paratrabecular patterns 
are most commonly seen, while paratrabecular 
infiltrates have been reported to occur in a minor-
ity of cases [111]. Diffuse infiltration patterns 
can also occur when the level of involvement is 
extensive. The pattern or degree of BM involve-
ment does not appear to correlate with the level 
of IgM paraprotein [107]. The neoplastic infil-
trates include small lymphocytes, plasma cells, 
and plasmacytoid lymphocytes, the latter cells 
having hybrid features between lymphocytes 
and plasma cells (Fig. 12.20). In most cases, 
lymphocytes outnumber the plasma cell compo-
nent in the bone marrow, but plasma cells pre-
dominate in a minority of cases. Plasmacytoid 
lymphocytes are seen in a spectrum of forms, 
frequently including cells with condensed chro-
matin that resembles plasma cells but with the 
scant, pale cytoplasm of a lymphocyte. Also 
seen are cells with nuclear chromatin resembling 
lymphocytes, but with basophilic, eccentric, 
plasmacytoid cytoplasm. Intranuclear eosino-
philic immunoglobulin pseudoinclusions 
(Dutcher bodies) are present in about half of the 
cases, while cytoplasmic immunoglobulin inclu-
sions (Russell bodies) are rare. Large cells usu-
ally are infrequent, but some cases may have 
admixed large cells imparting a polymorphous 
appearance. Mast cells frequently are present 
within the lymphoma and have been postulated 

to play a role in tumor pathogenesis [112]. 
However, mast cells also can be frequent in other 
BM lymphomas. Thus, although their presence 
is expected and supports the diagnosis, they are 
not specific for LPL.

 Immunophenotype
A clonal B-cell component is always detectable 
at diagnosis by flow cytometry and is characteris-
tically CD20+, CD5-, CD10-, and CD23- 
(Fig. 12.21). Up to 20% of cases may express 
CD5, and expression of CD23 is even more fre-
quent [113]. Unlike in CLL, these markers are 
usually weakly expressed in LPL. CD10 expres-
sion is very uncommon [27]. The B lymphocytes 
express monotypic surface IgM, and the plasma 
cells and plasmacytoid cells express cytoplasmic 
IgM. Less than 10% of cases express IgG or other 
heavy chain types.

 Cytogenetics and Molecular Genetics
About 50% of cases bear a 6q deletion, a finding 
that is not specific for LPL but has been associ-
ated with an adverse prognosis [114]. A recently 
identified genetic hallmark of LPL is the  presence 
of an MYD88 L265P mutation, which character-
izes over 90% of cases [115, 116]. Other reported 
gene mutations include CXCR4 (about 30% of 
cases), ARID1A, as well as TP53, CD79B, 
KMT2D, and MYBBP1A [117].

 Differential Diagnosis
It is important to note that not all lymphomas 
presenting with an IgM paraprotein represent 
LPL: CLL/SLL, marginal zone lymphomas, fol-
licular lymphoma, diffuse large B-cell lym-
phoma, and some T-cell lymphomas also may 
be associated with an IgM paraproprotein. The 
characteristic features of LPL versus other small 
B-cell lymphomas involving the BM are shown 
in Table 12.3. Although rare patients with other 
types of lymphoma may have high IgM levels 
and hyperviscosity, the serum IgM level in these 
other lymphomas usually is much lower than in 
LPL [106, 118]. While a high IgM paraprotein 
level (over 3 g/dL) nearly always indicates LPL, 
only about one-third of LPL patients have a 
markedly elevated IgM level at diagnosis [106]. 
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Conversely, MGUS may be an IgM type, and 
IgM MGUS is noted as a separate entity in the 
2016 WHO Classification, defined as having 
<10% BM lymphoplasmacytic cells and <3 g/

dL of serum IgM paraprotein; usually, the para-
protein level in IgM MGUS is much lower. In 
the absence of a significant (at least 10%) neo-
plastic infiltrate of clonal small lymphocytes 
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Fig. 12.20 Lymphoplasmacytic lymphoma (LPL). (a) In 
the bone marrow aspirate, there is usually a spectrum of 
cells ranging from small lymphocytes to plasma cells, 
with many intermediate forms. (b) Some cases have a 
more uniform population of lymphoplasmacytoid cells. 
(c) The range of lymphocytes, lymphoplasmacytoid 
forms, and plasma cells is also evident in this diffusely 

involved bone marrow biopsy. (d) Giemsa stain reveals 
increased mast cells, which is a typical but nonspecific 
finding in LPL. (e) On a higher magnification, the range of 
nuclear morphologies and Dutcher bodies can be appreci-
ated. (f) An immunostain for IgM is positive in the neo-
plastic cells and highlights the Dutcher bodies, which 
contain monoclonal IgM
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and lymphoplasmacytoid cells, a diagnosis of 
LPL should not be made in the setting of an IgM 
paraprotein, even if a BM monotypic plasma 
cell component is present. Lower levels of BM 
infiltration represent IgM MGUS even in the 
presence of symptoms related to the parapro-
tein, such as cryoglobulinemia or neuropathy 
[119, 120].

The main pathologic differential diagnosis of 
LPL is with plasma cell myeloma and with other 
lymphomas that may show plasmacytic differen-
tiation. Some cases of plasma cell myeloma 
express CD20 and have a small cell appearance 
that mimics LPL. However, unlike LPL, plasma 
cell myeloma lacks a surface immunoglobulin- 
positive clonal B-cell component. The plasma 
cell component of LPL almost always expresses 
IgM heavy chain and shows a normal plasma 
cell immunophenotype (CD19+CD45+CD56- 
CD117-) but with cytoplasmic light chain restric-
tion, whereas plasma cells in myeloma are 
CD19- and CD45-, often with aberrant CD56, 
CD117, CD27, and/or CD28 expression and 
almost never of the IgM subtype [121] 
(Fig. 12.21). CD20+ plasma cell myelomas often 
express cyclin D1 and have a translocation of 
CCND1, findings that exclude a diagnosis of 
LPL. Myelomas, including CD20+ cases, also 
should co-express CD138 but lack PAX5 
expression.

Distinction from other lymphomas with plas-
macytic differentiation may be problematic, par-
ticularly when an IgM paraprotein is present. 
Although CD5 may be expressed in LPL, it usu-
ally lacks the uniform moderate to bright expres-
sion level characteristic of CLL and MCL and 
has brighter CD20 and surface immunoglobulin 
expression than CLL. CD200 is partially or dimly 
expressed in LPL, but is uniformly positive in 
CLL. LEF1 is positive in CLL and cyclinD1 in 
MCL; both of these markers are negative in LPL. 
Although considerable morphologic and immun-
ophenotypic overlap is seen between marginal 
zone lymphomas (which often show extensive 
plasmacytic differentiation) and LPL, correlation 
with clinical and radiographic features (e.g., the 
presence or absence of splenomegaly or an extra-
nodal mass) and the paraprotein level and type 

allow classification in most cases. Additionally, 
LPL does not tend to show the prominent intra-
sinusoidal BM infiltration pattern that character-
izes splenic marginal zone lymphoma [122]. 
Finally, angioimmunoblastic T-cell lymphoma 
may show a marked reactive BM plasmacytic 
infiltrate, as well as an IgM paraprotein.

In ambiguous cases, demonstrating an MYD88 
mutation is very helpful, since it is present in 
nearly all LPL cases (including non-IgM sub-
types) and is uncommon in other B-cell lympho-
mas. However, MYD88 mutation does occur in a 
small subset of CLL and also in some cases of 
diffuse large B-cell lymphoma [123, 124]. 
Conversely, a diagnosis of LPL can be made in 
the absence of MYD88 mutation if other features 
support the diagnosis.

 Follicular lymphoma

 Clinical Features
Rare cases of follicular lymphoma may present 
as leukemia with a high WBC count, clinically 
mimicking chronic lymphocytic leukemia. These 
patients almost always have concurrent spleno-
megaly and generalized lymphadenopathy.

 Morphology
The circulating cells in leukemic follicular lym-
phoma are small and have characteristic deep 
nuclear clefts or grooves, as well as markedly 
irregular nuclear contours [125] (Fig. 12.22a, b).

In the BM, at least some paratrabecular 
aggregates are observed, although non- 
paratrabecular nodules also are frequently seen 
[111, 126]. A high level of BM lymphomatous 
involvement (10% or more of the marrow space) 
and a diffuse infiltration pattern are associated 
with poorer survival [127]. On close inspection, 
the lymphoid aggregates in follicular lymphoma 
contain cells with nuclear irregularity and angu-
lation. However, these characteristic nuclear 
irregularities may be less marked in the bone 
marrow than in nodal follicular lymphoma. The 
neoplastic cells are arranged in linear arrays 
immediately adjacent to the bone trabeculae and 
extending along the trabecular surface 
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(Fig. 12.22c–e). The paratrabecular aggregates 
in follicular lymphoma are associated with 
increased reticulin fibrosis (Fig. 12.22f), caus-
ing underrepresentation of the tumor cells in the 
aspirated marrow and occasionally false- 
negative flow cytometry results.

Neoplastic follicles resembling those present in 
involved lymph nodes are uncommon in grade 1–2 
follicular lymphoma involving the BM, but they 
are seen more frequently in grade 3 follicular lym-
phoma. Unlike germinal centers, which may occur 
in the BM in reactive conditions and in other lym-

a b

c d

e f

Fig. 12.22 Follicular lymphoma. (a, b) Follicular lym-
phoma cells in blood typically have deeply indented or 
clefted nuclei. (c) The bone marrow biopsy shows paratra-
becular lymphoid infiltrates, which are highlighted by 
CD20 immunostaining (d). (e) Paratrabecular aggregates 

are closely opposed to the bone surface and have a linear 
or fusiform rather than the rounded shape of non- 
paratrabecular lymphomatous nodules. (f) Reticulin fibers 
are increased in the paratrabecular lymphomatous 
aggregates
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phomas (e.g., marginal zone lymphomas), the neo-
plastic follicles in grade 3 follicular lymphoma 
characteristically lack mantle zones and usually are 
bcl2+. However, some grade 3 cases may be bcl2-, 
and cases have been reported that show a promi-
nent non-paratrabecular pattern with intact mantle 
zones [128].

 Immunophenotype
Flow cytometry of the BM aspirate detects a 
clonal B-cell population in most cases with BM 
involvement, but false- negative results can be 
seen in up to half of the cases, most likely as a 
result of reticulin fibrosis associated with the 
paratrabecular lymphomatous aggregates [129]. 
Even in the absence of a confirmatory lymph node 
biopsy specimen, the combination of the charac-
teristic immunophenotype (CD20 bright+, CD19 
dimmer+, CD10+, CD5-, cyclin D1-) with a pre-
dominantly or exclusively paratrabecular marrow 
involvement pattern favors a diagnosis of follicu-
lar lymphoma; in one study, 90% of BM lym-
phoma cases with an exclusively paratrabecular 
pattern were follicular lymphoma [111]. 
Demonstrating co- expression of Bcl2 with Bcl6 

and/or CD10 by immunohistochemistry in the 
BM lymphocytes can help confirm a diagnosis of 
follicular lymphoma, but Bcl2 and Bcl6 immuno-
histochemistry may be weak or falsely negative in 
decalcified sections [130]. Of note, absent surface 
light chain expression can be seen in about 10% 
of follicular lymphomas [131], potentially mim-
icking stage 1 and 2 hematogones. This can be 
particularly challenging in patients post-rituximab 
treatment in which the neoplastic B cells lack 
CD20 expression. Unlike hematogones, follicular 
lymphoma cells are usually negative for CD43 
and have brighter CD45 expression and dimmer 
CD38 expression. Figure 12.23 illustrates a case 
of a BM staging sample that contains both follicu-
lar lymphoma with no surface light chain expres-
sion as well as hematogones. Recognition of the 
immunophenotype of hematogones is essential to 
reliably differentiate them from B lymphoblasts 
or clonal CD10+ follicular lymphoma cells.

Cytogenetics and Molecular Genetics
A t(14;18) rearrangement involving the BCL2 
gene is characteristic of follicular lymphoma and 
demonstrating this finding may be helpful in its 
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Fig. 12.23 Staging bone marrow sample from a patient 
with follicular lymphoma. Among the CD19+ B cells, 
there are several populations of CD10+ B cells, all of 
which have no surface light chain expression. Green 
arrows show stage 1 and stage 2 hematogones that have 
bright CD10 and CD38, dimmer CD45 and CD22, and 
variable CD20 and dim CD200 expression. Red arrows 

show follicular lymphoma cells that have bright CD45, 
CD22, and CD20, dimmer CD10, CD19, and CD38, and 
negative CD43 and CD200 expression. Yellow arrows 
indicate normal mature B cells that are CD19+,CD10-,CD20+, 
CD22+,CD38variable+,CD43-, CD200variable+, and are 
polytypic
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differential diagnosis with other lymphomas that 
involve the BM. When the blood is involved, a 
PB sample can be sent for karyotype and/or FISH 
to document a BCL2 rearrangement.

 Differential Diagnosis
The CD10 expression, clefted cell morphology, 
and nearly ubiquitous presence of concurrent 
lymphadenopathy in follicular lymphoma involv-
ing the blood and BM usually make the diagnosis 
apparent. The characteristic features of follicular 
lymphoma involving the blood and BM relative to 
other B-cell lymphomas are shown in Table 12.3.

 Diffuse Large B-Cell Lymphoma

In rare cases, a primary diagnosis of diffuse large 
B-cell lymphoma may be made from a BM sample 
in a patient not known to have lymphoma. 
Intravascular large B-cell lymphoma (IVLBL) is a 
rare, highly aggressive lymphoma of adults in which 
the tumor cells almost  exclusively exist within small 
vascular lumina of various organs, including the BM 
vascular sinusoids. A BM biopsy is often the proce-
dure that establishes a diagnosis of IVLBL.

 Clinical Features
Patients with primary BM diffuse large B-cell lym-
phoma tend to be elderly or immunosuppressed 
and this type of lymphomatous presentation 
appears to be more common in Asian patients. 
Patients usually present with fever and/or unex-
plained cytopenias. IVLBL presents as one of the 
three clinical subtypes: the classical, or Western 
form, in which patients present most often with 
fever of unknown origin, skin rash, and/or neuro-
logic symptoms; an isolated cutaneous form, in 
which the tumor is limited to skin blood vessels 
and has a more indolent behavior; and an Asian 
variant, characterized by hepatosplenomegaly, 
cytopenias, and an often rapid clinical decline 
because of an associated hemophagocytic syn-
drome. Despite their intravascular growth pattern, 
tumor cells are rare in PB smears (particularly in 
the classical form). The neoplastic cells may 
extravasate into tissues adjacent to the involved 
small vessels.

The BM is involved in about 75% of cases of 
the Asian variant of IVLBL, and the diagnosis 
often is made from a BM biopsy specimen. In 
contrast, only about one- third of cases of the 
classical form of IVLBL have marrow involve-
ment [132]. IVLBL often is unsuspected clini-
cally, with BM examination performed to 
investigate fever of unknown origin in Western 
cases and cytopenias and hepatosplenomegaly in 
Asian variant cases.

 Morphology
Diffuse large B-cell lymphoma may involve the 
BM in any pattern. Diffuse and interstitial pat-
terns are most common, but nodular non- 
paratrabecular and occasionally paratrabecular 
involvement also may be seen [111]. T-cell/
histiocyte- rich diffuse large B-cell lymphoma is 
not uncommonly seen involving the BM and 
shows features that are similar to extramedul-
lary tissue involvement. Large lymphoma cells 
may be abundant or rare in the aspirate smear 
and may be overlooked, as they often resemble 
early erythroid elements and may be mistaken 
for blasts (Fig. 12.24). In IVLBL, large tumor 
cells with variably abundant cytoplasm, vesicu-
lar nuclei, and prominent nucleoli fill dilated 
BM sinuses but usually are absent from extra-
vascular marrow tissue. In subtly involved 
cases, the cells may be difficult to visualize on 
routine histology but are readily revealed by 
applying B-cell immunostains (Fig. 12.25). 
Because of their characteristic intrasinusoidal 
location, neoplastic cells may be sparse or 
absent in the aspirate. In the Asian variant, an 
associated hemophagocytic syndrome is present 
in a large proportion of the cases, and histio-
cytes containing engulfed erythrocytes and 
nucleated hematopoietic cells are identified in 
the extravascular marrow spaces of the biopsy 
specimen and in the aspirate smear.

 Immunophenotype
Flow cytometry may be falsely negative in pri-
mary BM DLBCL [133]. Thus, it is reasonable 
to apply immunohistochemistry for CD20 and/
or other B-cell markers to any BM sample from 
a patient with unexplained cytopenia or fever 
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of unknown origin if there are large cells of 
uncertain linage, either interstitial or intravas-
cular, even if flow cytometry fails to detect a 
B-cell clone.

The cells of IVLBL express CD45 as well as 
pan-B-cell antigens such as CD79a and CD20. 

They frequently express MUM1 and are usually 
CD10 negative and are negative for EBV. About 
one-third of the cases express CD5, and these 
CD5+ cases are more likely to present with BM 
involvement [132].

a b

c d

e f

Fig. 12.24 Diffuse large B-cell lymphoma (DLBCL) 
involving the bone marrow. The involvement is often dif-
fuse (a) but can also be nodular (b). DLBCL cells have 
variable appearance in aspirate preparations, frequently 
showing vacuolated, basophilic cytoplasm (c, d), poten-

tially mimicking erythroblasts or myeloblasts. (e, f) T-cell/
histiocyte-rich DLBCL not uncommonly involves the 
bone marrow; the scattered large neoplastic B cells occur 
in a prominent background of small, reactive mature lym-
phocytes (e) and are highlighted by CD20 immunostain (f)
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 Cytogenetics and Molecular Genetics
There is very little data on the cytogenetics or 
molecular genetic features of IVLBL, and these 
studies do not impact the diagnosis.

 Differential Diagnosis
The differential diagnosis of IVLBL in the BM 
includes other lymphomas that may have an 
intrasinusoidal growth pattern, such as SMZL, 
large granular lymphocytic leukemia, and other 
peripheral T-cell lymphomas. The large cell 
size, vesicular nuclei, and frequent dilatation of 
the vascular sinusoids that characterize IVLBL 
help distinguish it from SMZL [134]. The 
expression of B-cell markers distinguishes this 
entity from T-cell lymphomas with an intra-
sinusoidal growth pattern. Finally, the rare dis-
order of polyclonal B-cell lymphocytosis may 

exhibit intravascular collections of B cells. The 
characteristic clinical features of polyclonal 
B-cell lymphocytosis (young females, smokers, 
lack of systemic symptoms) and small cell size 
(Fig. 12.5) help distinguish this benign disorder 
from IVLBL.

 Burkitt Lymphoma/Leukemia

Burkitt lymphoma is a highly aggressive B-cell 
lymphoma that presents in children, young adults, 
and occasionally older adults, usually with lymph-
adenopathy and/or an extranodal mass. Three main 
epidemiological subtypes are recognized: endemic 
Burkitt lymphoma, which occurs in Africa and 
Papua New Guinea and affects mainly children; 
sporadic Burkitt lymphoma, which affects mainly 

a b

c d

Fig. 12.25 Intravascular large B-cell lymphoma. (a) 
Often the intravascular large cell collections are obvious 
and conform to the sinusoidal space in the bone marrow 
biopsy. They are highlighted by CD20 immunostain (b) 
or with other B-cell markers. (c) In some cases, the intra-

vascular pattern may not be as evident, and the large 
cells may resemble left-shifted hematopoietic elements. 
(d) The CD20 immunostain in this case reveals the 
prominently intrasinusoidal malignant large B-cell 
collections
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children and young adults worldwide; and 
immunodeficiency- associated Burkitt lymphoma, 
which occurs in all age groups in individuals who 
are immunosuppressed,  especially due to HIV 
infection. Burkitt lymphoma is associated with 
EBV infection in nearly all endemic cases and in 
about one-third of sporadic and immunodeficiency- 
associated cases. About 15% of Burkitt lymphoma 
cases present as a  leukemia [135].

 Clinical Features
When presenting as a leukemia, Burkitt lym-
phoma is usually associated with concomitant 
lymphadenopathy. An exclusively leukemic pre-
sentation without lymphadenopathy is rare 
[135]. Leukemic presentation is most often seen 
in sporadic and immunodeficiency-associated 
Burkitt lymphoma and is rare in endemic Burkitt 

lymphoma. Patients often have a very high WBC 
count and manifest tumor lysis syndrome, clini-
cally mimicking an acute leukemia; involvement 
of the CNS in such cases is common.

 Morphology
Burkitt lymphoma cells in the BM aspirate and 
PB smears are medium sized with round nuclei, 
moderately dispersed chromatin, often multiple 
nucleoli, and deeply basophilic cytoplasm that 
characteristically contains numerous small vacu-
oles, which contain lipid (Fig. 12.26a, b). When 
involved, the BM usually is extensively infiltrated 
(more than 70% of the marrow space) and shows 
a diffuse pattern, frequently with areas of geo-
graphic necrosis [111]. Scattered phagocytic his-
tiocytes impart a “starry-sky” appearance similar 
to that seen in Burkitt lymphoma involving extra-

a b

c d

Fig. 12.26 Burkitt lymphoma. In the blood (a) and in 
bone marrow aspirate smears (b), Burkitt lymphoma cells 
are uniformly medium sized with deeply basophilic, vacu-
olated cytoplasm. In the bone marrow biopsy sections (c), 
Burkitt lymphoma has a similar appearance to extramed-

ullary involvement, including a “starry-sky” appearance. 
(d) Giemsa stain on tissue sections highlights the baso-
philic cytoplasm and tendency for the tumor cells to mold 
to one another
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medullary tissues. The cell borders appear polyg-
onal, with discernible cytoplasm that stains 
basophilic with Giemsa stain (Fig. 12.26c, d).

 Immunophenotype
Neoplastic cells express pan-B-cell markers CD19, 
CD20, and PAX5 and are Bcl6+, brightly CD10+, 
TdT-, and Bcl2-, with expression of monotypic sur-
face immunoglobulin. Weak expression of Bcl2 may 
be seen in a subset of cases and does not in isolation 
exclude the diagnosis provided a BCL2 rearrange-
ment is excluded (see below). The lymphoma cells 
are usually bright CD38+ and CD44- (Fig. 12.27). In 
EBV+ Burkitt lymphoma, CD20 and CD45 expres-
sion may be slightly decreased. MUM1 is often 
positive, typically only in a subset of cells. The Ki67 
proliferation index is nearly 100%.

 Cytogenetics and Molecular Genetics
Rearrangement of the MYC gene, usually 
resulting from a t(8;14) translocation involving 

the IGH locus (or less commonly with one of 
the immunoglobulin light chain loci), is a hall-
mark of Burkitt lymphoma and is present in 
almost all cases. Assessment for a MYC rear-
rangement by conventional karyotype and/or 
FISH should be performed in all cases of pos-
sible Burkitt lymphoma. A diagnosis of Burkitt 
lymphoma is allowed in the absence of MYC 
rearrangement provided other features fit with 
the diagnosis, as these cases have a gene 
expression profile and biologic behavior that 
are similar to MYC- rearranged classic Burkitt 
lymphoma [136, 137].

A subset of otherwise typical cases have a 
genetic abnormality involving chromosome 11q 
and are classified separately, in a provisional 
2016 WHO Classification entity Burkitt-like 
lymphoma with 11q aberration [138]. Importantly, 
Burkitt lymphoma must always lack BCL2 or 
BCL6 rearrangement. Cases resembling Burkitt 
lymphoma that have rearrangements of these 
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genes in addition to a MYC rearrangement are 
classified separately, as high-grade “double-hit” 
lymphoma in the 2016 WHO Classification.

Recurrent mutations in the TCF3 and ID3 
genes, which regulate B-cell receptor signaling, 
have been found in a high proportion of sporadic 
Burkitt lymphoma cases and occur at a lower 
frequency in endemic cases [139]. These muta-
tions can be tested in next-generation sequenc-
ing  panels but do not impact the diagnosis or 
classification and have no known prognostic 
significance.

 Differential Diagnosis
Burkitt lymphoma presenting as a leukemia may 
mimic an acute leukemia if the lymphoma cells are 
mistakenly counted as blasts. Some acute myeloid 
leukemia cases have blasts with basophilic and 
vacuolated cytoplasm, resembling the cells of 
Burkitt lymphoma. Flow cytometry and/or immu-
nohistochemical demonstration of myeloid rather 
than B-cell marker expression is helpful in this dis-
tinction. Differentiating Burkitt lymphoma from 
B-lymphoblastic leukemia (B-ALL) can be more 
difficult, because considerable morphologic over-
lap may be seen. Similar to Burkitt lymphoma, 
B-ALL can have a “starry-sky” appearance and a 
high proliferation index, is composed of medium- 
sized cells, and expresses CD19 and usually CD10. 
However, unlike Burkitt lymphoma, B-ALL is 
negative for surface immunoglobulin, is TdT+, and 
often expresses CD34. Rare leukemic Burkitt lym-
phoma cases occurring in pediatric patients exhibit 
a precursor B-cell immunophenotype, with expres-
sion of TdT and/or absent surface immunoglobulin 
expression, similar to B-ALL [140]. A subset of 
childhood B-ALL cases with t(1;19) translocation 
involving E2A-PBX1 rearrangement can be CD34 
negative, but these cases are TdT+ [141].

Cases with more cellular pleomorphism raise the 
differential diagnosis of DLBCL or high-grade 
B-cell lymphoma (with or without a “double hit” 
including MYC with a BCL2 and/or BCL6 rear-
rangement). Burkitt lymphoma is defined strictly 
and should not deviate significantly from the 
expected cytomorphology and characteristic pheno-
type (Bcl6+, CD10+, Bcl2-, with a Ki67 prolifera-
tion index of >95%). Cases lacking MYC 
rearrangement should only be diagnosed as Burkitt 

lymphoma if the morphology and immunopheno-
type are completely classical. Minor deviations 
from classical morphology and immunophenotype 
are acceptable for MYC-rearranged Burkitt lym-
phoma, especially if the karyotype is relatively sim-
ple with no or few other alterations aside from the 
MYC rearrangement. The presence of a BCL2 or 
BCL6 rearrangement excludes a diagnosis of 
Burkitt lymphoma, and such cases otherwise resem-
bling Burkitt lymphoma are classified as high-grade 
B-cell lymphoma with “double hit” (Fig. 12.28).

 B-Lymphoblastic Leukemia/
Lymphoma

Precursor lymphoid neoplasms encompass malig-
nant proliferations of B or T lymphocytes that may 
present as leukemia, with predominant involve-
ment of PB, or as lymphoma, with predominant 
involvement of lymph nodes or extranodal tissues. 
The distinction of leukemia versus lymphoma does 
not appear to have biologic relevance and is some-
what arbitrarily based on the clinical presentation. 
Patients with extramedullary disease at presenta-
tion (lymphadenopathy or an extranodal mass 
lesion), and in whom lymphoblasts make up fewer 
than 25% of the BM cells and are absent or infre-
quent in the blood, are classified as B-lymphoblastic 
lymphoma; all other patients are classified as hav-
ing B-lymphoblastic leukemia (B-ALL), regard-
less of whether extramedullary disease is present.

 Clinical Features
The peak incidence of B-ALL occurs between 2 
and 5 years of age, and a slight male predomi-
nance is seen. The incidence is increased in chil-
dren with Down syndrome. Patients usually 
present with symptoms related to BM replace-
ment by lymphoblasts, such as fever, fatigue, 
bone pain, and bleeding. The leukocyte count at 
presentation is highly variable, as is the propor-
tion of circulating lymphoblasts. Some patients 
are aleukemic, with pancytopenia and few or no 
identifiable circulating blasts; conversely, a small 
subset have hyperleukocytosis, with a WBC 
above 100 × 109/L. Due to the small size of B 
lymphoblasts, symptoms related to leukostasis 
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are rare even when the WBC is markedly elevated 
with numerous circulating blasts.

 Morphology
The leukemic blasts in the blood and BM aspirate 
smears usually are small to intermediate in size 
and have scant cytoplasm. Often the cytoplasm is 
so scant that it appears as a small tag applied to the 
nucleus (so-called “hand mirror cell”). The nucleus 
may be round or irregular and has delicate, dis-
persed chromatin and usually indistinct nucleoli. 
Some cases have atypical morphology, with larger 
blasts and more prominent nucleoli, basophilic 
vacuolated cytoplasm, or deceptively mature-
appearing clumped chromatin (Fig. 12.29a–c). 
These morphologic differences do not appear to 
have prognostic significance, and no morphologic 

subtypes of B-ALL are recognized in the 2016 
WHO Classification. A subset of leukemic cases 
may show prominent PB and BM eosinophilia and 
relatively low-level blast  infiltration. This presen-
tation usually is associated with a t(5;14)
(q31.1;q32.1) translocation that juxtaposes the IL3 
and IGH genes, resulting in a paraneoplastic 
eosinophilia, and is considered as a specific 
B-ALL subtype in the WHO Classification [142] 
(Fig. 12.29d).

The BM biopsy is usually diffusely infiltrated 
by blasts. The neoplastic cells appear as medium-
sized cells with very scant cytoplasm and fine 
chromatin (Fig. 12.29e). Mitotic figures usually 
are frequent, and interspersed phagocytic histio-
cytes may impart a “starry-sky” appearance. Rare 
cases can demonstrate significant pleomorphism 
in the blasts, with bizarre giant forms (Fig. 12.29f).

a b

c d

Fig. 12.28 High-grade B-cell lymphoma with MYC and 
BCL2 rearrangements presenting as a leukemia. (a) The 
cells in the peripheral blood have irregular nuclei, pale 
cytoplasm, and very prominent central nucleoli, features 
that would be unusual for Burkitt lymphoma. (b) The mar-
row is diffusely infiltrated by monotonous-appearing tumor 

cells with a high mitotic rate. (c) The Ki67 proliferation 
index is high (90%) but lower than expected for typical 
Burkitt lymphoma, which should have almost no Ki67-
negative tumor cells. (d) The tumor cells show uniform 
expression of Bcl2; an IGH-BCL2 as well as MYC rear-
rangement were subsequently confirmed by FISH
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a b

c d

e f

Fig. 12.29 B-lymphoblastic leukemia (B-ALL) in the 
bone marrow. (a) In most cases, the blasts are relatively 
small with indistinct nucleoli and scant, pale cytoplasm. 
(b) In some cases, the chromatin appears condensed, 
mimicking a mature B-cell lymphoma. The illustrated 
case had a classic B-ALL immunophenotype, with expres-
sion of TdT and CD34. (c) Some cases have larger blasts 
with cytoplasmic basophilia, vacuoles, and/or fine gran-
ules; the presence of granules in blasts does not necessar-

ily indicate myeloid lineage. (d) B-ALL with t(5;14)
(q31.1;q32.1);IGH/IL3 involving the bone marrow aspi-
rate smear, with scattered small lymphoblasts and numer-
ous eosinophils. (e) B-ALL in the bone marrow biopsy, 
showing sheets of small blasts with fine chromatin and 
scant cytoplasm. (f) B-ALL with marked cellular pleo-
morphism in the bone marrow biopsy; although markedly 
pleomorphic, the neoplastic cells have fine chromatin 
typical of blasts
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 Immunophenotype
Although the morphology of the BM and PB 
may strongly suggest a primitive lymphoid neo-
plasm, immunophenotyping is required to dis-
tinguish B-ALL from other acute leukemias and 
from mature lymphoid neoplasms. B-ALL 
blasts express CD19, CD79a, and PAX5 and are 
variably positive for CD20 and CD34. CD45 
usually is dim in intensity compared to normal 
lymphocytes and may be completely negative. 
TdT is almost invariably positive and most cases 
express CD10, although cases with KMT2A 
(MLL) rearrangement are usually CD10 nega-
tive. Surface immunoglobulin as assessed by 
flow cytometry is generally negative; rare cases 
may express monotypic surface immunoglobu-
lin, but these cases should have morphologic 
and other immunophenotypic features of 
B-ALL, and mature B-cell lymphomas (e.g., 
Burkitt lymphoma and DLBCL) must be 
excluded [143]. The myeloid antigens CD13 
and/or CD33 may be expressed and in the 
absence of the lineage-specific myeloid marker 

myeloperoxidase (MPO) or monocytic markers 
(lysozyme, nonspecific esterase [NSE], CD14, 
CD64, and/or CD11c), this finding does not 
mandate classification as a mixed-lineage 
leukemia.

A subset of cases of BCR-ABL1-like B-ALL 
(see below) is characterized by a strong expres-
sion of CRLF2 by flow cytometry, which cor-
relates with CRLF2 rearrangements, JAK2 
gene mutation, and generally more aggressive 
clinical behavior [144] (Fig. 12.30). However, 
only about half of all BCR-ABL1-like B-ALL 
cases have demonstrable expression of CRLF2.

 Cytogenetics and Molecular Genetics
Cytogenetic analysis is critical for risk stratifica-
tion of B-ALL, and several cytogenetic sub-
groups define distinct entities in the 2016 WHO 
Classification system as listed in Table 12.4. A 
new provisional category of BCR-ABL1-like 
B-ALL has been included, which encompasses 
cases that lack BCR-ABL1 rearrangement, but 
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Table 12.4 Revised 2016 WHO Classification of B-lymphoblastic leukemia (B-ALL) [152]

WHO B-ALL subtype Morphologic and 
immunophenotypic features

Defining genetic features Other features

B-ALL with recurrent genetic abnormalities

B-ALL with t(9;22)
(q34.1;q11.2); BCR-ABL1

No specific morphology, 
usually CD10+, often CD25+

t(9;22)(q34.1;q11.2) 
resulting in BCR-ABL1 
rearrangement

Incidence increases 
with age; uncommon 
in children. Adverse 
prognosis

B-ALL with t(v;11q23.3), 
KMT2A rearranged

No specific morphology, 
usually CD10 negative

Rearrangement of KMT2A 
(MLL) gene at 11q23.3 
with a variety of partners

Most common in 
infants <1 year of 
age, also seen in older 
adults. Adverse 
prognosis

B-ALL with t(12;21)
(p13.2;q22.1), 
ETV6-RUNX1

No specific morphology, 
usually CD34+ and CD20 
negative

t(12;21)(p13.2;q22.1) 
resulting in ETV6-RUNX1 
rearrangement

Most common in 
children >1 year of 
age, rare in adults. 
Favorable prognosis

B-ALL with 
hyperdiploidy

No specific morphology, 
usually CD34+ and often CD45 
negative

Hyperdiploidy with >50 
chromosomes; extra 
copies of 4, 14, 21, and X 
are most common

Most common in 
children, uncommon 
in adults. Favorable 
prognosis

B-ALL with hypodiploidy No specific morphology or 
immunophenotype

Hypodiploidy, with <46 
chromosomes. Subdivided 
based on the number of 
chromosomes into near 
diploid (44–45), high 
hypodiploid (40–43), low 
hypodiploid (33–39), and 
near haploid (23–29) 
subgroups

Affects both children 
and adults. Adverse 
prognosis; near 
haploid subgroup has 
worst prognosis

B-ALL with t(5;14)
(q31.1;q32.1); IGH/IL3

Marked increase in 
nonneoplastic bone marrow and 
blood eosinophils. Blasts are 
CD10+

t(5;14)(q31.1;q32.1) 
resulting in IGH/IL3 
rearrangement

Affects both children 
and adults. Rare, 
prognosis is uncertain

B-ALL with t(1;19)
(q23;p13.3), TCF3-PBX1

No specific morphology, 
usually CD34 negative with 
cytoplasmic mu heavy chain 
expression

t(1;19)(q23;p13.3) 
resulting in TCF3-PBX1 
rearrangement

More common in 
children than adults. 
Prognosis relative to 
other B-ALL 
uncertain

B-ALL, BCR-ABL1-like 
(provisional entity)

No specific morphology or 
immunophenotype

Gene expression profile 
similar to B-ALL with 
BCR-ABL1. CRLF2 
rearrangement or 
rearrangement or mutation 
of various kinases

Incidence increases 
with age. Adverse 
prognosis, but some 
cases are sensitive to 
tyrosine kinase 
inhibitors

B-ALL with iAMP21 No specific morphology or 
immunophenotype

Amplification (multiple 
extra copies) of RUNX1 
locus on chromosome 21 
detected by FISH

More common in 
children than adults. 
Adverse prognosis 
may be ameliorated 
by more intensive 
therapy

B-ALL, not otherwise 
specified

No specific morphology or 
immunophenotype

Lacks of any of the above 
genetic abnormalities

More common in 
children than adults, 
favorable prognosis 
in children
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have a gene expression signature similar to 
B-ALL with t(9;22)(q34;q11.2);BCR-ABL1. 
This newly recognized B-ALL subtype is more 
common in adults than children and has an over-
all poor prognosis [145]. Diagnosis is challeng-
ing because this entity was originally defined by 
gene expression profiling, which is not available 
in most centers. The gene expression profile 
is associated with several  specific genetic 
 aberrations: CRLF2 rearrangement (about half 
of the cases) or rearrangements of several tyro-
sine kinase genes, including ABL1 (with genes 
other than BCR), ABL2, PDGFRB, NTRK3, 
TYK2, CSF1R, and JAK2 with diverse partners. 
Some labs have been using PCR or next-genera-
tion sequencing technology to identify these 
recurrent rearrangements, which include gene 
aberrations that may be amenable to targeted 
therapy with tyrosine kinase inhibitors [146]. 
Flow cytometry detection of CRLF2 expression 
on B-ALL blasts can identify the subset of cases 
with CRLF2 rearrangement [144].

Gene rearrangement studies are rarely needed 
to establish the diagnosis of B-ALL. Almost all 
cases show clonal IGH rearrangement, despite 
their failure to express immunoglobulin protein 
on the cell surface, and up to 70% may show 
concomitant aberrant clonal rearrangement of 
TCR genes [147].

 Differential Diagnosis
Because of the broad morphologic spectrum of 
B-ALL, there is a broad differential diagnosis. 
AML and mixed-lineage leukemias (discussed 
in Chap. 5) should be excluded by demonstrat-
ing lack of MPO expression and lack of mono-
cytic markers such as CD11c, CD64, and CD14. 
The presence of Auer rods normally would 
exclude B-ALL and establish a finding of 
malignant myeloid proliferation. However, 
B-ALL blasts sometimes contain fine cytoplas-
mic granules or even crystalline structures that 
superficially resemble Auer rods. An MPO 
cytochemical stain can be helpful in such cases, 
because Auer rods are MPO+, whereas lym-
phoblasts should show no or only very faint 
MPO staining. It is important to note that CD19, 

PAX5, and TdT are expressed in some cases of 
AML, and CD13 and CD33 can be expressed in 
B-ALL [148]. Therefore, a broad panel of 
immunophenotypic markers often must be used 
to distinguish between B-ALL, mixed-lineage 
leukemias, and AML. Gene rearrangement 
studies should not be used to establish lym-
phoid versus myeloid lineage or T versus B lin-
eage, because “promiscuous” rearrangements 
of TCR may occur in a high proportion of 
B-ALL cases [147]. IGH and TCR rearrange-
ments also may occur in AML.

Burkitt lymphoma often has a blastic appear-
ance and was previously classified as a subtype 
of B-ALL (L3 type) in the French- American- 
British classification of leukemias. Although 
Burkitt lymphoma shares CD20 and CD10 
expression with B-ALL, it is negative for CD34 
and TdT, and almost all cases express surface 
immunoglobulin, unlike B-ALL. Rare cases of 
leukemias resembling B-ALL but with a t(8;14) 
translocation involving the MYC gene have been 
reported, as well as blastic leukemias that bear 
concurrent translocations of MYC, BCL2, and/or 
BCL6 genes. These cases often show mixed 
immunophenotypic features of B-ALL and a 
mature B-cell lymphoma, including surface 
immunoglobulin light chain expression [149]. 
The classification of these cases is controversial, 
but according to the 2016 WHO Classification, 
the cases with t(8;14) are considered within the 
Burkitt lymphoma category. Blastoid MCL 
(which may present as a leukemia, see Fig. 12.13c, 
d) is often morphologically indistinguishable 
from B-ALL, but it is easily identified by its dis-
tinctive immunophenotype (CyclinD1+, CD5+, 
TdT-). Other small, round, blue cell tumors of 
childhood, such as Ewing sarcoma, may enter 
into the morphologic differential diagnosis; cau-
tion should be used in relying only on CD45 to 
exclude lymphoid neoplasms in the workup of 
such tumors, because B-ALL may be CD45 weak 
or completely negative [150].

Finally, it is important to recognize that benign 
B lymphoblasts (hematogones) have a morphol-
ogy and immunophenotype similar to B-ALL 
cells. Hematogones normally comprise fewer 
than 5% of all BM cells, but their numbers may 
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increase in response to marrow stress (e.g., che-
motherapy recovery), particularly in pediatric 
patients [151]. This may present diagnostic diffi-
culties, mainly in the posttreatment setting in 
patients with a history of B-ALL. Hematogones 
appear as small- to medium-sized cells in the 
aspirate smear, often with a long cleft in the 
nucleus, with cytologic features intermediate 
between small lymphocytes and blasts. Flow 
cytometry is critical for distinguishing benign 
hematogone populations from malignant B lym-
phoblasts. Hematogones usually show a hetero-
geneous pattern of CD34, TdT, CD10, and CD20 
expression, as they comprise various stages of 
maturation, although this pattern may be dis-
torted after chemotherapy or the use of anti-
 CD20 antibody therapy. Hematogones are bright 
CD38+ and dim CD58+ (Fig. 12.3). In contrast, 
B-ALL lymphoblasts are CD38 dimmer+ and 
CD58 bright+ and also usually show other immu-
nophenotypic aberrancies, such as inappropriate 
antigen combinations and/or expression of CD13 
or CD33 that can be helpful in distinguishing 
them from hematogones.

An algorithm for approaching the differential 
diagnosis of small mature clonal B-cell popula-
tions in the blood is shown in Fig. 12.31.
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Multiple Myeloma and Other 
Plasma Cell Neoplasms

Pei Lin

 Overview

Plasma cell neoplasms (PCN) encompass a 
range of diseases ranging from indolent to 
aggressive. They include monoclonal gammop-
athy of undetermined significance (MGUS) 
(67%), multiple myeloma (14%), solitary plas-
macytoma of the bone or extraosseous tissue 
(3%), primary amyloidosis (9%), immunoglob-
ulin (Ig) chain deposition diseases (<1%), 
POEMS syndrome (polyneuropathy, organo-
megaly, endocrinopathy, M component, and 
skin changes), and more recently recognized 
TEMPI syndrome (telangiectasias, elevated 
erythropoietin level and erythrocytosis, mono-
clonal gammopathy, perinephric fluid collec-
tions, and intrapulmonary shunting).

Multiple myeloma is the prototype of plasma 
cell neoplasm that generally evolves from MGUS 
as a result of accumulated genetic hits and altered 
microenvironment. The monoclonal proliferation 
of plasma cells is characterized by intra-clonal 
heterogeneity and clonal evolution over time. 
Markedly improved patient outcome owning to 
novel therapy over the past decade is redefining 
the disease paradigm. This chapter focuses 

mainly on myeloma and briefly describes other 
related PCN. Figure 13.1 shows an algorithm that 
assists in the diagnosis and differential diagnosis 
of plasmacytosis.

 Multiple Myeloma

Multiple myeloma represents 1% of all malig-
nancy and 10% of hematologic tumors. It is char-
acterized by multifocal involvement of the bone 
marrow by a monoclonal expansion of plasma 
cells associated with lytic bone lesions and M 
protein in the serum and/or urine. The diagnosis 
of myeloma requires ≥ 10% monoclonal plasma 
cells in the bone marrow or a biopsy-proven plas-
macytoma, though patients who meet the criteria 
may be symptomatic or asymptomatic. In symp-
tomatic patients, unexplained anemia coupled 
with M protein and other clinical symptoms such 
as bone pain usually lead to bone marrow exami-
nation and other ancillary studies that confirm the 
diagnosis. Asymptomatic patients are usually 
diagnosed incidentally during routine laboratory 
workup. Multiple myeloma is also known as 
plasma cell myeloma or Kahler’s disease.
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 Clinical Features
Multiple myeloma is a disease of older people 
with a median age of 69 years. Each year over 
20,000 new patients are diagnosed with the dis-
ease. Blacks are twice more likely affected than 
whites, and Asians are least susceptible. Most 
patients present with bone pain due to tumor 
infiltration and pathologic fractures. Fatigue and 
weakness secondary to anemia are common, and 
some may present with renal failure, weight loss, 
or recurrent infection. Less frequent symptoms 
include hyperviscosity syndrome, hypercalce-
mia, and spinal cord compression as a result of 
vertebral body fracture or epidural tumor mass.

According to the recently proposed revised 
International Myeloma Working Group (IMWG) 
criteria [1, 2], the diagnosis of symptomatic 
myeloma requires the presence of one or more 
myeloma-defining events (MDEs) such as CRAB 
features (hypercalcemia >11 mg/dL, renal dys-
function, anemia, and destructive bone lesions). 
The new criteria also recognize patients who have 

not yet developed CRAB but are on the verge of 
becoming symptomatic due to the presence of 
ultrahigh risk features (Table 13.1). These include 
(a) clonal plasma cells of ≥60%, (b) involved to 
uninvolved serum light chain ratio of ≥100, or (c) 
more than one focal lesion of 5 mm on imaging 
studies. Patients who meet the criteria of myeloma 
but are asymptomatic are considered to have smol-
dering (asymptomatic or indolent) multiple 
myeloma (SMM). SMM represents about 8–20% 
of all cases of myeloma, including those with up to 
60% of monoclonal plasma cells. It is distin-
guished from MGUS by >10% plasma cells in the 
bone marrow and/or 30g/L of M protein in the 
serum. SMM patients have a much higher risk of 
progression to symptomatic myeloma than MGUS 
patients. The rate of progression of MGUS is at 
1% per year, but the rate of progression of SMM is 
10% per year for the first 5 years, 3% per year for 
the next 5 years, and 1% per year for the following  
10 years [3]. Identifying patients at high risk for 
early intervention to prevent transformation has 

Plasmacytosis >3% in BM 

Monotypic B cells or
overt lymphoma

•  LPL
•  CLL
•  MZL

Large cells
EBV+

Monotypic aberrant
plasma cells 

Paraneoplastic
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•  ALK+ DLBCL

<10%
plasma cells 
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Fig. 13.1 Diagnosis and differential diagnosis of patients 
with plasmacytosis with or without M proteins. PBL plas-
mablastic lymphoma, DLBCL diffuse large B cell lym-
phoma, LPL lymphoplasmacytic lymphoma, CLL chronic 
lymphocytic leukemia, MZL marginal zone lymphoma, 
MGUS monoclonal gammopathy of undetermined signifi-

cance, MDE myeloma- defining disease, POEMS polyneu-
ropathy, organomegaly, endocrinopathy, M protein, and 
skin changes, TEMPI telangiectasias, elevated erythropoi-
etin level and erythrocytosis, monoclonal gammopathy, 
perinephric fluid collections, and intrapulmonary shunt-
ing, MM multiple myeloma

P. Lin



385

become the focus of more recent studies [4]. 
Features associated with a high risk to progression 
include 50–60% BM plasma cells, adverse cytoge-
netic findings (see below), >95% aberrant plasma 
cells (of the total plasma cells) detected by flow 
cytometry, IgA-type paraprotein, and decreased 
levels of uninvolved immunoglobulin [5].

Solitary plasmacytoma of the bone is a single 
localized neoplasm usually involving axial skele-
ton. The diagnosis requires extensive radiologic 
imaging, especially magnetic resonance imaging 
(MRI) and positron emission tomography (PET) 
scan, to exclude occult systemic disease. A low 
level of serum or urine M protein is detectable in 
majority of patients, and there is a higher risk for 
systemic disease. Patients with bone marrow clonal 
plasma cells <10% are classified as solitary plasma-
cytoma with minimal bone marrow involvement.

Solitary extramedullary plasmacytoma most 
commonly occurs in the head and neck regions 
but may involve any organs including the gastro-
intestinal tract, central nervous system, and skin. 
Most cases produce no detectable serum protein 
and rarely evolve to myeloma.

Plasma cell leukemia (PCL) is an aggressive 
disease defined as an absolute plasma cell count 

of more than 2 × 109/L or plasma cells constitut-
ing more than 20% of the total leukocyte count in 
the peripheral blood. Primary PCL comprises 5% 
of the newly diagnosed cases of myeloma but 
60% of all leukemic cases. Secondary PCL results 
from excessive tumor growth and represents 1% 
of all myeloma cases. Primary PCL is frequently 
associated with hepatosplenomegaly, extramedul-
lary dissemination, and a poor outcome.

Osteosclerotic myeloma is a rare form of 
myeloma usually seen in POEMS (polyneuropa-
thy, organomegaly, endocrinopathy, M component, 
and skin changes) syndrome. The bone changes are 
characterized by osteosclerosis rather than lytic 
lesions. Lymph nodes may show Castleman dis-
ease. The serum vascular endothelial growth factor 
receptor (VGEF) level is elevated.

Laboratory evaluations are essential for diag-
nosis, follow-up, and prognosis. Serum protein 
electrophoresis (SPEP), urine protein electro-
phoresis (UPEP) of an aliquot from 24 h urine 
collection, and immunofixation electrophoresis 
(IFE) are used to detect and quantify M protein 
(Fig. 13.2). Most patients have M protein and 
suppression of uninvolved immunoglobulin. IgG 
is most common (55%), followed by IgA (20%), 

Table 13.1 Revised International Myeloma Working Group Diagnostic Criteria for MM, SMM, and 
MGUS (2014)

MGUS Serum M protein <3 g/dL and/or abnormal FLC ratio
(<0.26 or >1.65) with increased level of appropriate involved light chain
Clonal BM plasma cells <10%
Absence of MDEs or amyloidosis

SMM Serum M protein >3 g/dL
Clonal BM plasma cells 10–59%
Urinary monoclonal protein >500 mg per 24 h
Absence of MDEs or amyloidosis

MM Clonal BM plasma cells ≥10% or biopsy- proven plasmacytoma and any one or more of the following 
myeloma-defining events (MDEs)
•  Evidence of end-organ damage (CRAB criteria) that can be attributed to the underlying plasma cell 

proliferative disorder, specifically:
    –  Hypercalcemia: serum Ca2+ > 0.25 mmol/L (>1 mg/dL) above the upper limit of normal or 

>2.75 mmol/L (>11 mg/dL)
    –  Renal insufficiency: serum creatinine >177 μmol/L (>2 mg/dL)
    –  Anemia: HGB value of >2 g/dL below the lower limit of normal or a HGB <10 g/dL
    –  Bone lesions: one or more lytic lesion(s) on skeletal radiography, CT, and PET-CT
•  Or more than one of the following three biomarkers
    – Clonal BM plasma cells ≥60%
    –  Involved/uninvolved serum FLC ratio ≥100 (involved FLC level must be ≥ 100 mg/L)
    –  >1 focal lesion on MRI study (at least 5 mm)

MGUS Monoclonal gammopathy of undetermined significance, SMM smoldering multiple myeloma, MM multiple 
myeloma, MDEs myeloma-defining events, FLC free light chain, BM bone marrow
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light chain only (20%), IgD (1.5%), IgM (0.5%), 
and IgE (0. 5 %). Nonsecretory myelomas 
account for 2% cases. Rarely biclonal disease is 
observed. In light chain only myeloma, hypo-
gammaglobulinemia may be the only finding in 
the serum, but Bence-Jones protein can be iden-
tified in the urine. Serum free light chains (FLC) 
ratio is most useful in cases with minimal serum 
M protein and nonsecretory or light chain only 
myeloma. It is also useful in diagnosis of MGUS, 
primary amyloidosis, and light chain deposition 
disease (LCDD) when M component is low.

 Morphology
The most common finding in the peripheral 
blood is normochromic normocytic anemia. The 
peripheral blood smear may have a blue hue and 
show rouleaux formation due to a high level of 
immunoglobulin. Leukopenia and thrombocyto-
penia are usually features of advanced disease. A 
varying number of circulating plasma cells may 
be identified. Primary PCL is often associated 
with small cell morphology resembling low- 
grade B-cell lymphoma or leukemia with plas-
macytoid differentiation (Fig. 13.3). Secondary 
PCL usually shows more immature or atypical 
plasma cells.

Plasma cells in normal bone marrow are 
mature forms with abundant basophilic cyto-

plasm, perinuclear hof, and a “spoke-wheel” 
nuclear pattern, comprising fewer than <4% of 
the total marrow elements. The neoplastic plasma 
cells are marked by a variable degree of immatu-
rity or nuclear atypia. Asynchronous maturation 
of the nuclear and cytoplasm, dispersed chroma-
tin, a high nuclear and cytoplasmic ratio, and 
prominent nucleoli are features of immaturity. 
Atypia usually manifests as bizarre nuclear forms 
and shapes or marked variation in nuclear size. 
Accumulation of cytoplasmic immunoglobulin 
forms cytoplasmic inclusions. Russell bodies are 
the most common form. Cells containing inclu-
sions are described as grape cells, flaming cells, 
Mott cells, or Gaucher-like cells. Dutcher bodies 
are nuclear inclusions. In rare cases, crystalline 
material can be found also in histiocytes causing 
crystal-storing histiocytosis (Fig. 13.4).

Historically, two grading systems have been 
proposed to describe the spectrum of plasma cell 
morphology in myeloma: the Greipp system and 
the Bartl system. The Greipp system has four 
subgroups: mature, intermediate, immature, and 
plasmablastic. Bartl system contains seven sub-
types: small cell, Marschalko, asynchronous, 
polymorphic, cleaved, blastic, and sarcomatoid 
(Fig. 13.5a–f) [6].

As plasma cell enumeration is essential for 
classification and prognostication, core biopsy is 
usually obtained to better estimate the extent of 

Serum Protein Electrophoresis ELP G A M K L

Fig. 13.2 Serum protein electrophoresis (left) shows a 
spike in the gamma region and immunofixation electro-
phoresis show monoclonal protein of IgGL type (right)

Fig. 13.3 Peripheral blood smear of a patient with 
plasma cell leukemia. The circulating plasma cells resem-
ble plasmacytoid lymphocytes. The background red blood 
cells show rouleaux formation due to a high level of M 
protein
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disease as aspirate may underestimate the tumor 
burden. In addition, evidence of myeloma- 
associated bone changes, amyloid deposition, or 
fibrosis can be assessed (Fig. 13.6). Symptomatic 
myeloma usually has a higher tumor burden with 
plasma cells forming large clusters or sheets, 
whereas low-risk SMM and MGUS have more 
dispersed or small clusters of plasma cells. 
Increased bone resorption and remodeling are 
usually features of symptomatic myeloma.

 Immunophenotype
Flow cytometry immunophenotyping is useful for 
diagnosis, risk stratification, and guiding therapy. 
In morphologically challenging tumors or nonse-
cretory myeloma, identification of monotypic or 
phenotypically aberrant plasma cells facilitates 

the diagnosis. Multiparameter flow cytometry of 
eight or more color allows sensitive detection of 
minimal residual disease (MRD) which correlates 
with clinical outcome and can serve as a surrogate 
for drug efficacy in clinical trials [7].

CD138 is the best marker for identification of 
benign and malignant plasma cells. CD38 is less 
specific than CD138 as it is also brightly expressed 
in T cells, NK cells, normal precursor B cells, and 
some mature B cells. The new anti- CD38 anti-
body daratumumab (Darzalex) therapy also ren-
ders the routinely used antibody nonreactive and 
may also interfere with direct antiglobulin test 
(DAT). Plasma cell gating is best achieved by 
using a combination of CD138, CD38, and CD45 
and light scatter patterns. Additional markers 
such as CD19, CD27, CD28, CD56, CD81, 
CD117, and cytoplasmic light chain further dis-

Fig. 13.4 Various types of cytoplasmic and nuclear 
inclusions in myeloma cells, including crystal-like inclu-
sions (upper left), cytoplasmic vacuoles resembling 
Burkitt lymphoma (upper right), numerous Russell body 

containing plasma cells in the core biopsy (lower left), and 
Dutcher bodies seen in many plasma cells (lower right)

13 Multiple Myeloma and Other Plasma Cell Neoplasms
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a b

c d

e f

Fig. 13.5 Myeloma cytological grade. Myeloma cells of 
low-grade cytology including small cell variant (a) and 
Marschalko type (b). Myeloma cells of intermediate- 
grade cytology show polymorphic size and nuclear shape 

(c) or prominent nucleoli and asynchronous cytoplasmic- 
nuclear maturation (d). Myeloma of high-grade cytology 
includes plasmablastic variant (e) and anaplastic variant (f)

criminate benign from aberrant PCs. CD38 is 
bright in benign plasma cells but can be dimmer 
in malignant plasma cells. Benign plasma cells 
are typically positive for CD19, CD27, and CD45 
and negative for CD20, CD28, CD117, and CD56. 
Malignant plasma cells usually show decreased or 

absent CD19, CD27, or CD45 but increased 
CD28, CD56, and CD117. However, CD45 and 
CD20 can be expressed at moderate or higher 
intensity in 10% and 20% of cases, respectively. 
Rarely, the myeloma cells may express CD19. 
CD56 is positive in 70–75% of cases. CD117 is 
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a b

Fig. 13.6 (a) Bone marrow core biopsy shows marked fibrosis associated with an extensive infiltrate of abnormal 
plasma cells. (b) The aspirate smear shows marked nuclear irregularity of plasma cells

aberrantly expressed in 30% of cases and is a use-
ful marker for malignancy. Myeloma cells are 
also positive for CD200 in 70% of cases. Myeloid 
markers CD13 and CD33 or other markers such 
as CD10 can also be identified in a small subset of 
cases. Primary plasma cell leukemia (PCL) tends 
to be positive for CD20 (50%) but negative for 
CD117 and CD56 compared to myeloma. The 
plasma cells usually express cytoplasmic but not 
surface Ig light chain with rare exception. They 
also display sideward (SSC) and forward (FSC) 
light scatter properties different from non- plasma 
cells in the bone marrow (Fig. 13.7a–g).

Assays designed to detect MRD by flow 
cytometry are usually based on the differential 
expression patterns of surface markers between 
benign and malignant plasma cells [8]. The inter-
national consensus panel proposed for MRD 
assay includes CD138, CD38, CD45, CD19, 
CD27, CD56, CD81, and CD117. As normal 
plasma cells also have CD45−/low or CD19−/low 
subsets that overlap with that of neoplastic plasma 
cells, and even CD56 can be observed in up to 
15% of normal plasma cells, MRD should be 
determined on the basis of multiple aberrancies 
and overall pattern. Due to loss of plasma cells 
during processing and various other factors, 
the number of plasma cells quantified by flow 
cytometry is consistently lower than aspirate 
smears. However, the detection sensitivity reaches 
1 in 105 or higher when a minimum of 2 × 106 
events are analyzed. Assessment of cytoplasmic 

light chain is not routinely required but may 
enhance sensitivity in cases with less surface 
aberrancy. Flow cytometry-based assay is widely 
applicable and has sensitivity comparable to 
allele-specific oligonucleotide polymerase chain 
reaction (ASO-PCR) but is about 1 log less sensi-
tive than next-generation sequencing-based assay.

Immunostaining for plasma cell markers should 
be performed on the biopsy specimen, at least in 
the initial evaluation to assess the extent and pat-
tern of involvement. CD138 (syndecan-1) is the 
most useful antibody in paraffin-embedded tissue. 
CD138 also stains neoplastic cells in immunoblas-
tic/plasmablastic large B-cell lymphoma and plas-
mablastic lymphoma, as well as epithelial 
neoplasm. In rare cases negative for CD138, a 
panel of antibodies can be used in combination 
with the Ig κ and λ light chain to confirm plasma-
cytic/plasmablastic differentiation. BLIMP-1 
encoded by PRDM1 gene and MUM1 are usually 
expressed in myeloma. CD79a is expressed in 
about 75% of cases. Cyclin D1 is expressed in 
40–45% of cases, typically in a nuclear and cyto-
plasmic pattern (Fig. 13.8a, b). PAX5 is usually 
negative or weakly positive with occasional excep-
tions. The combination of positive CD79a and 
negative PAX5 suggests plasmacytic differentia-
tion. Ki-67 can be used to assess proliferation rate 
and (Fig. 13.9a, b) is best used with CD138 as 
hematopoietic components are also positive for 
Ki-67. Myeloma cells can be positive for cytokera-
tin in a dot-like pattern (Fig. 13.10a, b).
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Fig. 13.7 (a) Flow cytometry immunophenotyping of 
normal and aberrant plasma cells. Comparison of neo-
plastic (brown) versus normal plasma cells (blue). 
Normal plasma cells are CD19+, CD45+, and CD81+, 
and the aberrant plasma cells show decreased intensity of 
CD38, CD45−, CD19−, CD56+ and decreased intensity 

of CD81 Fig. 13.7 (continued) (b) Immunophenotypic 
heterogeneity of plasma cells in a case of myeloma. 
Three different subsets of myeloma cells with variable 
CD56 intensity ranging from negative to intermediate to 
bright. These cells are all CD19−, CD45−, CD38+, 
CD138+, and cytoplasmic lambda restricted
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Fig. 13.7 (continued) (d) Normal plasma cells with 
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they show normal CD45, CD27, and CD81 expression 
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Fig. 13.7 (continued) (f) Myeloma cells in a patient 
treated with daratumumab (anti-CD38 antibody) show-
ing no detectable CD38 expression when tested with 

CD38 FITC (BD Bioscience). The neoplastic cells are 
CD138+, aberrantly positive for CD56, decreased for 
CD81, and negative for CD27, CD19, and CD45
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a b

Fig. 13.8 The neoplastic plasma cells in this multiple myeloma case are positive for cyclin D1 (nuclear and cytoplas-
mic staining). (a) H&E and (b) cyclin D1 immunohistochemistry

a b

Fig. 13.9 Aggressive myeloma with a high ki-67 proliferation (a) H&E 200×, (b) Ki-67 immunohistochemistry

a b

Fig. 13.10 Plasma cells in this multiple myeloma case are positive for keratin in a dot-like pattern (a) H&E and (b) 
cytokeratin immunohistochemistry
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 Cytogenetics and Molecular Genetics
Conventional cytogenetic analysis identifies an 
abnormal karyotype, usually complex, in only 
30% of cases at diagnosis. However, genetic 
aberrations can be demonstrated in nearly all 
myelomas by interphase FISH analysis. Plasma 
cell enrichment by CD138 magnetic beads may 
enhance sensitivity of FISH.

Translocations involving Ig heavy chain locus 
on chromosome 14q32 are the most common 
recurrent cytogenetic abnormalities, occurring in 
about 50 % of cases. The five most common part-
ners are located at 11q, 4p, 16q, 6p, and 20q, 
involving genes regulating cyclin D family 
 protein and cell cycle (Table 13.2). These five 
translocations are also detectable in MGUS and 
therefore considered primary events.

The breakpoint in t(11;14) involves part of 
CCND1 gene that is located more centromeric 
than that in mantle cell lymphoma. The t(11;14) 
is more common in primary PCL (71%) com-
pared with secondary PCL (23%). The t(4;14) 
interrupts both fibroblast growth factor (FGF) 
receptor 3 gene (FGFR3) and multiple myeloma 
SET domain (MMSET) genes (Fig. 13.11). The 
t(14;16) and t(14;20) result in overexpression of 
MAF/MAFB, regulating CCND2, and therefore 
overexpression of cyclin D2 (Fig. 13.11a–d).

Apart from structural aberrations, numerical 
aberrations are also observed. Trisomy most fre-
quently involves odd chromosomes 3, 5, 7, 9, 11, 
15, 19, and 21, whereas monosomy and partial 
deletions affect mainly chromosomes 6, 13, 16, 
and 22. Deletion of 1p can be found in 30% of 
cases affecting putative genes CDKN2C, FAM46C. 
Monosomy 13 or interstitial deletion of 13 (13q14) 
is detectable in 15–20% of newly diagnosed 

myeloma by conventional cytogenetics and 50% 
of cases by interphase FISH. Del(13q) can also be 
found in MGUS.

Based on the number of chromosomes, 
myeloma cases can be broadly divided into two 
groups: the hyperdiploid (HRD; 48–75 chromo-
somes) and non-hyperdiploid myeloma (NHRD; 
<48 or >75 chromosomes). HRD represents about 
half of cases and frequently carries trisomies. The 
five recurrent translocations described above and 
del(13q) are more common in NHRD than HRD, 
suggesting that different molecular genetic path-
ways are involved in pathogenesis of the two 
subgroups.

Other genetic aberrations described in 
myeloma include MYC rearrangement, occurring 
in up to 50% of cases, often cryptic and involving 
non-IGH partners, and amplification of 1q21 
(resulting in putative cyclin-dependent kinase 
subunit 1 (CKS1B) gene amplification) in 40%. 
Deletion of TP53 is identified in 10% of newly 
diagnosed myeloma but at a much higher rate in 
refractory/relapsed myeloma or PCL, in approxi-
mately 50% of the primary PCL and 70% of the 
secondary PCL.

The advent of new technology allows global 
investigation of genes altered in myeloma. 
Molecular classification is based on the predomi-
nant activation pattern of cyclin D protein and 
the pattern of IGH translocations identified by 
DNA microarray. Gene expression profiling 
(GEP) has been increasingly utilized in clinical 
trials to stratify patients beyond conventional 
techniques. Other technologies such as compli-
mentary genomic hybridization (CGH)-based 
mapping array also allow dissection of com-
plex chromosomal gain and loss. Single nucleotide 
polymorphism (SNP) array has found indepen-
dent prognostic markers including del(12p13.31) 
as an adverse marker and amplification of 
(5q31.1) as a favorable marker.

Next-generation sequencing has not only con-
firmed known recurrent mutations but also discov-
ered new mutations in myeloma. Mutations of NRAS 
(20–30%), KRAS (15–20%), and NF-κB (6–17%) 
pathway components such as TRAF3, cIAP1/2, 
CYLD, and NIK are most common, followed by, 
TP53 (7%), BRAF (7%), CCND1 (3%), ATM (3%), 

Table 13.2 The five most common partner genes 
involved in translocations of IGH gene

Chromosome Gene Percentage (%)
11q13 CCND1 15

4p16.3 FGFR3 and MMSET 15

16q23 C-MAF 5

6p21 CCND3 3

20q11 MAFB 2
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ATR (1.5%), or MYC (1%). Mutations in CCND1 
and DNA repair pathway alterations (TP53, ATM, 
ATR, and ZNFHX4 mutations) are negatively associ-
ated with survival. In contrast, mutations in IRF4 
and EGR1 are positively associated with survival. 
The combination of various types of genetic hits 
ultimately affects multiple signaling pathways 
including the MYC, NF-κB, and MAPK pathways 
with downstream effect on plasma cell differentia-
tion, cell cycle regulation, or DNA damage repair, 
driving disease progression [9, 10].

Genomic and single-cell sequencing have 
identified marked intra-clonal heterogeneity and 
clonal evolution upon therapeutic intervention. 
Focal lesions from different parts of the patients 
may harbor divergent genetic hits competing in a 
Darwinian fashion [11]. The so-called clonal tide 
has profound therapeutic implication as drug- 

resistant clones, such as the ones with deleted or 
mutated TP53 detected as a minor clone at diag-
nosis, may be “selected” to expand. To eradicate 
the myeloma stem cells will inevitably need to 
overcome the challenge of clonal heterogeneity 
and evolution.

Molecular genetics and cytogenetics are mark-
ers of tumor biology and the basis of risk stratifi-
cation. An abnormal karyotype identified by 
conventional cytogenetics is indicative of highly 
proliferative tumors and an inferior patient sur-
vival. Deletion of chromosome 13 or 13q14 by 
conventional karyotyping, hypodiploidy, and 
monosomy 17 is associated with a poor progno-
sis. Detection of t(4;14), t(14;16), or t(14;20) and 
deletion of the TP53 locus by FISH predict an 
inferior survival though the adverse effect of 
t(4;14) could be partially ameliorated by protea-

a b

c d

Fig. 13.11 (a) Bone marrow biopsy of plasmablastic 
myeloma with increased mitotic figures. (Inset) Smear 
shows markedly immature nuclear features (upper left); 
the plasma cells are positive for CD138 (b). A complex 

karyotype with t(4;14) (c). Fluorescence in situ hybridiza-
tion confirms FGFR3/IGH gene rearrangement (d)
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some inhibitor Velcade (bortezomib). Gain of 
chromosome 1q (1q+) and loss of chromosome 
1p are also unfavorable.

 Differential Diagnosis
A variety of reactive conditions are associated with 
plasmacytosis and sometimes up to 30% of marrow 
cells. Autoimmune disorders, hepatitis C, human 
immunodeficiency virus infections, Hodgkin lym-
phoma, and angioimmunoblastic T-cell lymphoma 
are a few examples. Nuclear immaturity and marked 
atypia are not features of reactive plasmacytosis and 
are strong indications of malignancy although binu-
cleated or occasionally trinucleated forms may be 
observed in reactive conditions. Reactive plasmacy-
tosis is also frequently associated with increased 
eosinophils, mast cells, and megakaryocytes. Benign 
plasma cells usually present in small clusters of five 
or six cells in perivascular areas, while the myeloma 
cells proliferate in sheets and replace normal hema-
topoietic elements with increased bone resorption. 
Evidence of immunoglobulin light chain restriction 
supports a neoplastic process. Identification of aber-
rant marker expression such as CD56 and CD117 
also provides further evidence of malignancy.

M protein can be detected in a variety of non- 
Hodgkin lymphomas, especially lymphoplasma-
cytic lymphoma (LPL) or chronic lymphocytic 
leukemia . A small amount of monotypic B cells 
can also be detected in myeloma patients caus-
ing confusion. Myeloma cases with t(11;14) 
translocation often have lymphoid features 
(Figs. 13.5a and 13.8). Post-therapy samples 
from patients with LPL often have persistent 
plasma cells but devoid of lymphoid cells, mim-
icking myeloma. Immunophenotyping and 
molecular studies can help make the distinction 
between myeloma versus lymphoma. Pax5/
BSAP is usually absent or weak and variable in 
myeloma, but CD20 can be positive in both 
myeloma and LPL. Myeloma is more often posi-
tive for immunoglobulin heavy chain IgG or IgA 
type, whereas LPL is more likely to be IgM type. 
By flow cytometry, plasma cells in myeloma are 
 usually CD19−CD45−/low with a higher side scat-
ter property, whereas plasma cells in LPL are 
usually CD19+ CD45+/slightly dim with a lower 

side scatter. The plasma cells in LPL usually 
lack CD56 and CD117. Identification of cyclin 
D1 overexpression and t(11;14)(CCND1/IGH) 
supports a diagnosis of myeloma (Fig. 13.8). 
MYD88 L265P mutations or CXCR4 mutations 
support a diagnosis of lymphoma.

Epstein-Barr virus-encoded RNA in situ hybrid-
ization is often positive in plasmablastic lymphoma 
and negative in myeloma except in immune compro-
mised individuals. Correlation with other clinical 
features such as serum M protein and radiographic 
imaging may be helpful in difficult cases.

TEMPI syndrome (telangiectasias, elevated 
erythropoietin level and erythrocytosis, monoclo-
nal gammopathy, perinephric fluid collections, 
and intrapulmonary shunting) is a rare, recently 
recognized disease considered to be a paraneo-
plastic syndrome resulting from monoclonal 
gammopathy. The bone marrow may show eryth-
rocytosis mimicking polycythemia vera [12] . 
Patients with TEMPI syndrome may show non-
specific erythroid hyperplasia and mild nonspe-
cific megakaryocytic hyperplasia. There is 
however usually no clustering of megakaryocytes 
or fibrosis. The syndrome should be suspected 
when erythrocytosis coexists with plasma cell 
dyscrasia. Elevated erythropoietin and a normal 
VGEF level allow the diagnosis and distinction 
from POEMS syndrome.

 Monoclonal Gammopathy 
of Unknown Significance

MGUS is an asymptomatic disorder in which a 
monoclonal immunoglobulin is secreted by low pro-
liferating plasma cells in the bone marrow. The diag-
nosis of MGUS requires serum M protein <30 g/L, 
bone marrow plasma cells <10%, and absence of 
myeloma-defining events such as CRAB.

 Clinical Features
The incidence of MGUS increases with age, occur-
ring in 3% of the population older than age 50 years, 
5% older than age 70 years, and 10% older than 
age 80 years. MGUS is more prevalent in men 
(4.0%) than in women (2.7%). Like myeloma, 
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blacks are more affected than white (14.8% versus 
7.8%), and asians have the lowest rate.

Currently, three major types of MGUS are rec-
ognized: non-immunoglobulin M (IgM) MGUS, 
IgM-MGUS, and light chain MGUS. Overall, 
IgG type is most common (65–81%) followed by 
IgA (5–19%) or IgM (2–17%), biclonal (2–17%), 
and light chain only type (3%). The IgM-MGUS 
is related to lymphoproliferative disorders rather 
than myeloma and may evolve to LPL/WM, other 
non-Hodgkin lymphomas, amyloidosis, or 
CLL. The light chain type, also known as Bence- 
Jones proteinuria of undetermined significance, 
is defined by an abnormal FLC ratio of <0.26 
or >1.65 without evidence of Ig heavy chain 
expression by IFE. It may evolve to light chain 
only myeloma.

The risk of progression from MGUS to myeloma 
is 1% each year. Cumulative incidence of progres-
sion is about 10% in 5 years, 15% in 10 years, and 
20% in 15 years. The interval between recognitions 
of MGUS to the onset of myeloma is widely vari-
able with a median of 10.4 years. The risk for pro-
gression is measured by biomarkers. In the model 
proposed by the Mayo Clinic group, patients with 
low-risk MGUS have <15 g/L M-protein, IgG type, 
and a normal FLC ratio. Patients with intermediate- 
or high- risk MGUS have a >15 g/L M-protein, IgA 
type, and an abnormal FLC ratio: <0.26 or > 1.65. 
In the model proposed by the Spanish group, a ratio 
of aberrant plasma cells to normal plasma cell with 
≥ 95%, immune paresis and DNA aneuploidy are 
high-risk features.

 Morphology
There is usually no anemia. Bone marrow biopsy 
and aspirate show mildly increased plasma cells 
(median, 3%) that are scattered throughout the 
interstitium. Large aggregates of plasma cells are 
not seen, and bone trabeculae are unremarkable. 
Lack of marked cytological atypia and an infiltra-
tive pattern help distinguish MGUS from myeloma.

 Immunophenotype
Immunoglobulin κ to λ ratio may fall within the 
normal range when analyzed by immunohisto-

chemistry due to the presence of admixed poly-
typic plasma cells. Flow cytometry identifies 
both aberrant and normal plasma cells. It is 
 helpful to document the percentage of abnormal 
plasma cells out of the total plasma cells, since  
the ratio has prognostic implication. Gating on 
the subset of aberrant plasma cells (CD45−/low 
CD19− or CD56+ CD117+ plasma cells) may 
help more sensitive discrimination of monotypic 
plasma cells from background polytypic plasma 
cells.

 Cytogenetics and Molecular Genetics
By FISH analysis, aneuploidy is a consistent 
finding in MGUS. Monosomy 13 and 14q32 
translocations are detectable in 21–45% and 
50%, respectively, with the former being usually 
detected in a subset of clonal population.

 Differential Diagnosis
There are no known molecular or cytogenetic 
markers that reliably distinguish MGUS from 
myeloma. Microarray analysis reveals significant 
overlap between gene expression patterns of 
MGUS and myeloma. However, RAS mutations 
are usually not observed in MGUS, and MYC 
rearrangement is rare.

The IgM type of MGUS is distinguished from 
the so-called IgM-related disorders by the 
absence of symptoms attributable to the M pro-
tein. In IgM-related disorders, the patients may 
present with minimal serum M protein, but there 
is no evidence of lymphoma. The patients, how-
ever, suffer from more debilitating complications 
such as autoimmune hemolytic anemia, cryo-
globulinemia, and peripheral neuropathy due to 
IgM binding to the myelin-associated glycopro-
tein and cryoglobulinemia.

 Primary Amyloidosis

Amyloidosis is caused by accumulation of insol-
uble proteins with a β-pleated sheet configura-
tion. Primary amyloidosis, amyloid light chain 
(AL) type, is associated with plasma cell neo-
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plasm, and the amyloid contains a part of the 
variable region of the light chain, most often λ 
(75%) and sometimes κ (25%). The diagnosis of 
amyloidosis AL type requires direct evidence of 
amyloid-induced organ damage as a result of a 
monoclonal plasma cell proliferation [13]. All of 
the following criteria need to be fulfilled: the 
presence of amyloid-related systemic syndrome 
(such as renal, liver, heart, gastrointestinal tract, 
or peripheral nerve involvement); positive amy-
loid staining by Congo red or EM in any tissue, 
confirming that the amyloid is composed of Ig 
chain by immunostaining or mass spectrometry, 
and detection of monoclonal plasma cell prolif-
eration such as serum or urine M protein, abnor-
mal free light chain FLC ratio, or monotypic 
plasma cells in the bone marrow.

 Clinical Features
The incidence of AL is eight per million person- 
years with a median age of 63 years at onset. There 
is a male predominance. The symptoms are vague 
and nonspecific in the early stage. The most com-
mon complaints are fatigue and malaise. Amyloid 
infiltrates cause organ damage and organ dysfunc-
tion. These include nephrotic syndrome or renal 
failure, restrictive cardiomyopathy or arrhythmia, 
gastrointestinal symptoms, peripheral neuropathy, 
and coagulopathy due to binding of the amyloid 
fibers with factor X. Congestive heart failure and 
fatal arrhythmia are the major causes of death.

The median survival of patients with AL is 
1–2 years. The patients usually succumb to pro-
gressive organ failure. The prognosis largely 
depends on the dominant organ involvement. 
Cardiac involvement predicts a poor prognosis.

In one-third of patients with the AL, no distinct 
spike is visible by SPEP. IFE is more sensitive. 
Serum FLC assays can determine the type of the 
M protein and confirm the diagnosis. They are 
also useful for monitoring response to therapy.

 Morphology
Grossly, the involved organs appear to be waxy 
and stiff. On hematoxylin and eosin sections, 
the amyloid fibers have an amorphous, eosino-
philic appearance often associated with crack-
ing artifact and multinucleated giant cell 
reactions. The amyloid fibers appear apple-
green birefringence when stained with Congo 
red and viewed under polarized light. By elec-
tronic microscopy, amyloid fibers appear as a 
mass of nonbranching linear fibrils 7–10 nm in 
diameter and of variable length. The deposit can 
be seen in vasculature and periosteum or medul-
lary cavity (Fig. 13.12). Abdominal subcutane-
ous fat pad aspiration is often obtained to 
identify amyloid in addition to bone marrow 
biopsy. The numbers of neoplastic plasma cells 
in AL are usually in the range of MGUS in the 
bone marrow, and the cytological atypia is usu-
ally mild.

a b

Fig. 13.12 Amyloid deposits in the bone marrow vascular wall. (Left) H&E (200×) and (right) Congo red stain (200×)
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 Immunophenotype
The clonal bone marrow plasma cells can be 
revealed by immunohistochemistry or flow 
cytometry using a panel of antibodies including 
CD138, in conjunction with immunoglobulin 
light chains. Flow cytometry aberrations in the 
clonal plasma cells of AL amyloidosis are similar 
to those observed in multiple myeloma, with fre-
quent aberrant expression of CD56, CD117, 
CD28, and CD27 and frequent negativity for 
CD45 and CD19. Lambda light chain is more fre-
quently expressed than kappa light chain. In 
some cases, the neoplastic plasma cell clone is 
small and may be obscured in a background of 
polyclonal reactive plasma cells [14]. Systemic 
AL amyloidosis patients with polyclonal BM 
plasma cells by light chain immunohistochemis-
try appear to have better prognosis than patients 
with a detectable BM plasma cell clone; however, 
unlike in patients with plasma cell myeloma, the 
quantity of BM clonal plasma cells does not 
appear to impact the prognosis [15]. The AL 
amyloid can be detected using antibody specific 
for AL or amyloid P component.

 Cytogenetics and Molecular Genetics
The genetic abnormalities in the plasma cells of 
systemic AL amyloidosis patients are similar to 
those of MGUS and include del(13q) and gain at 
1q21 [16]. However, t(11;14) CCND1-IGH  is 
more common in amyloidosis compared to 
MGUS, being present in almost 50–60% of 
cases [17].

 Differential Diagnosis
Amyloidosis AL type should be distinguished 
from other types of amyloidosis, mainly AA 
(amyloid A), AF (amyloid familial), and 
Aβ2M. Secondary amyloidosis (AA) is associ-
ated with chronic inflammation. AF is found in 
familial amyloidosis such as ATTRwt (senile 
systemic amyloidosis) and ATTR mutated 
(transthyretin V122I variant), whereas Aβ2m is 
related to hemodialysis. Molecular studies with 
polymerase chain reaction amplification and 
DNA sequence analysis will detect patients 
with mutant transthyretin or mutated fibrinogen 

A α-chain. Of note, given the common occur-
rence of MGUS in elderly patients, the pres-
ence of amyloid in the setting of a serum 
paraprotein does not necessarily indicate that 
the amyloid is of AL origin. Mass spectrometry 
allows specific typing of amyloid fibers and is 
considered the gold standard to confirm AL 
amyloidosis [18].

Localized amyloid deposition can occur as part 
of lymphoma or plasmacytoma, sometimes with 
mass formation, the so-called amyloidoma. They 
are not associated with systemic disease as AL.

The monoclonal immunoglobulin in AL can 
be IgM or non-IgM as well as light chain only 
type similar to those seen in MGUS. As such, the 
organ dysfunction caused by amyloid deposition 
should not be taken as evidence of end-organ 
damage meeting the criteria for active multiple 
myeloma. The distinction between AL and light 
or heavy chain deposition diseases is discussed 
below.

 Monoclonal Light and Heavy Chain 
Deposition Diseases

Monoclonal LCDD and HCDD are caused by 
deposition of abnormal heavy or light chains 
secreted by neoplastic plasma cells. In HCDD, 
the CH1 and VH region abnormalities of heavy 
chain lead to their early secretion from the plasma 
cells prior to conjugation with light chain. In 
LCDD, HCDD, or combined LCDD and HCDD, 
the abnormal proteins do not have a sheet struc-
ture or contain P component but are deposited in 
the tissue, as in amyloidosis, causing organ dam-
age and dysfunctions. LCDD and HCDD are fre-
quently underdiagnosed. Adult patients with 
unexplained nephrotic syndrome should be 
worked up for possible amyloidosis or LCDD.

Free light chains filtered through the glomeruli 
tend to deposit in the kidney when the amount 
exceeds the degradation capacity of the renal tubu-
lar epithelia. Free heavy chains usually do not cir-
culate in blood [19]. For LCDD, serum M protein 
is also minimal. However, even without an abnor-
mal finding with serum and/or urine electrophore-
sis with immunofixation, an abnormal serum free 
light chain ratio is found in about 25% patients.
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 Clinical Features
Combined LCDD and HCDD and isolated 
HCDD are rare. The patients with LCDD are 
usually younger (average age of 55–60 years 
old) and predominantly female compared with 
patients with AL. The patients usually present 
with acute renal failure with profound protein-
uria or hematuria. Less commonly, the patients 
present with cardiomyopathy or hepatic or pul-
monary insufficiency.

The overall prognosis is poor with an overall 
survival of 1–2 years, regardless of plasma cell 
tumor load.

 Morphology
Similar to amyloidosis AL type, most cases (50–
60%) of LCDD have minimal plasmacytosis in 
the bone marrow. Immunohistochemistry is usu-
ally required to demonstrate monoclonality of the 
plasma cells. The bone marrow is involved with 
overt myeloma only in 10% of patients.

Monoclonal immunoglobulin deposits in the 
tissue as amorphous eosinophilic material 
resembling amyloid but does not stain for Congo 
red. The diagnosis of LCDD is usually estab-
lished by renal biopsy with appropriate ancil-
lary studies. In the kidney, LCDD is characterized 
by nodular glomerulosclerosis, resembling dia-
betic nephropathy. Deposition in the renal vas-
culature results in proliferative vasculopathy. 
The renal tubules show interstitial disease. By 
immunofluorescence, abnormal immunoglobu-
lin appears along the renal glomerular and tubu-
lar basement membrane as linear ribbonlike 
deposition. By electron microscopy, the abnor-
mal immunoglobulin typically appears as dis-
crete, electron-dense, punctate deposits. These 
deposits are usually demonstrated in the kidney 
biopsy specimen. Similar changes can also be 
observed in the dermal- epidermal junction of 
the skin biopsy specimens.

 Immunophenotype
Unlike AL amyloidosis, the tissue deposits in 
LCDD are almost always composed of kappa 
light chains; they are granular, not fibrillar, and 
do not bind Congo red. Immunofluorescence 

microscopy is typically strongly positive for 
monoclonal light chain. In HCDD, immunofluo-
rescence staining with anti-heavy chain antibod-
ies will highlight the deposition. Gamma heavy 
chain deposition is the most common.

Similar to AL amyloidosis, flow cytometry 
immunophenotyping can help to identify abnor-
mal plasma cells in the bone marrow, which often 
fulfill diagnostic features of plasma cell myeloma 
[20]. Rarely, LCDD and HCDD may be associ-
ated with B-cell lymphomas, particularly lym-
phoplasmacytic lymphoma, chronic lymphocytic 
leukemia, or marginal zone lymphoma [21].

 Differential Diagnosis
The main differential diagnosis is amyloidosis. 
The abnormal immunoglobulin in LCDD or 
HCDD is Congo red negative.
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Mean corpuscular volume (MCV), 3
Mean platelet volume (MPV), 7, 230
Megakaryoblasts, 154
Megaloblastic anemia, by vitamin B12 deficiency, 35
Megaloblastic anemias, 33
Methylene blue, 4
MGUS, see Monoclonal gammopathy of unknown 

significance (MGUS)
Microcytic anemias, 19

clinical findings, 20
iron deficiency, 20
sideroblastic anemias, 22
thalassemias, 18–22

Modern-day hematology instrumentation, 1
Monoblasts, 152
Monoclonal gammopathy of unknown significance 

(MGUS), 398
clinical features, 398–399
cytogenetics and molecular genetics, 399
differential diagnosis, 399
immunophenotype, 399
morphology, 399

Monoclonal light and heavy chain deposition diseases 
(Monoclonal LCDD/HCDD)

causes, 401
clinical features, 402
differential diagnosis, 402
immunophenotype, 402
morphology, 402

Monocytopenia, 39–40
Monocytes, 195
Monocytosis, 195

AML
clinical features, 210–211
cytogenetics and molecular genetics, 215–217
differential diagnosis, 217–219
immunophenotype and cytochemistry, 212–215
morphology, 211–212
subtype, 210

CMML
clinical features, 201
cytogenetics and molecular genetics, 205–207
diagnostic criteria, 200
differential diagnoses, 207–208
immunophenotype and cytochemistry, 203–205
morphology, 201–203
WHO subclassification, 201
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Monocytosis (cont.)
differential diagnosis, 195
JMML

clinical features, 208–209
cytogenetics and molecular genetics, 209–210
diagnostic criteria, 209
differential diagnosis, 210
immunophenotype, 209
morphology, 209

primary myelofibrosis, 219–220
clinical features, 220
cytogenetics and molecular genetics, 221–222
immunophenotype, 221
morphology, 220

reactive, 195–196
clinical features, 196–197
cytogenetics and molecular genetics, 200
differential diagnosis, 200
immunophenotype and cytochemistry, 198–200
morphology, 197–198

transient peripheral blood, 195
Morphologic dysplasia

erythroid lineage, 46
granulocytic lineage, 47
megakaryocytic lineage, 48

Multiple myeloma, 383
amyloidosis

clinical features, 400
cytogenetics and molecular genetics, 401
differential diagnosis, 401
immunophenotype, 401
morphological features, 400
primary, 399–400

characteristics, 383
clinical features, 384–386
cytogenetics and molecular genetics, 396–398
diagnosis, 383
differential diagnosis, 398
immunophenotype, 387–395
MGUS, 398–399
monoclonal LCDD/HCDD, 401–402
morphology, 386–387

Mycoplasma pneumoniae, 29
Mycosis fungoides, see Sézary syndrome (SS)
Myeloblasts, 152
Myelodysplastic/myeloproliferative neoplasms (MDS/

MPN), 226, 233
Myelodysplastic/myeloproliferative neoplasm with ring 

sideroblasts and thrombocytosis (MDS/
MPN-RS-T), 234–235

clinical features, 235–236
cytogenetics and molecular genetics, 236–238
immunophenotype, 236
morphology, 236

Myelodysplastic syndrome (MDS), 239, 264
Myelodysplastic syndrome/myeloproliferative neoplasm, 

unclassifiable (MDS/MPN-U), 265, 275
clinical features, 265
cytogenetics, 267
differential diagnosis, 267

immunophenotype, 266
molecular genetics, 267
morphology, 266

Myelodysplastic syndromes (MDS), 239
bone marrow biopsy, 62
in children, 53–54
clinical features, 44–45
cytogenetics and molecular genetics, 56–63
diagnostic features of, 50
differential diagnosis, 51, 61–65
dysplastic morphologic features, 46
with erythroid predominance, 56
erythroid-predominant myelodysplastic syndromes, 

54–55
with excess blasts, 53
with fibrosis, 55–57
flow cytometry, 58
flow cytometry screening test, 59
gene mutations in, 63
high-grade, 52–53
hypoplastic, 55
hypoplastic myelodysplastic syndrome, 54
immunophenotype, 56–61
with isolated del(5q), 52
low-grade, 45–52
morphology, 45
with multilineage dysplasia, 69
therapy-related, 54

Myelodysplastic syndromes with fibrosis (MDS-F),  
274

Myelodysplastic syndromes with thrombocytosis, 267
Myeloid/lymphoid neoplasms

with FGFR1 rearrangement, 187–189
with PCM1-JAK2 rearrangement, 189–190
with PDGFRA rearrangement

clinical features, 184–185
cytogenetics and molecular genetics, 186
immunophenotype, 185–186
morphology, 185

with PDGFRB rearrangement, 186–187
Myeloid neoplasms

with CEBPA mutation, 102
differential Diagnosis of, 109
Down syndrome, 109–114
with germline ANKRD26 mutation, 104
with germline DDX41 mutation, 103
with germline ETV6 mutation, 104, 106
with germline GATA2 mutation, 106, 107
with germline RUNX1 mutation, 104

Myeloid neoplasms, with leukocytosis, 260
Myeloid sarcomas, 44
Myelophthisic anemia, 25–26
Myelophthisis, 137
Myeloproliferative neoplasms (MPN), 238

with cytopenia, 267

N
Natural killer (NK) Cells, 287–288
Neoplastic eosinophilias, 172
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Neutropenia
alloimmune neonatal, 38
autoimmune, 38
chronic idiopathic, 37
congenital, 36
cyclic, 37

Neutrophils
neoplastic causes

acute myeloid leukemia, 148–164
blastic plasmacytoid dendritic cell neoplasm, 

164–167
chronic myeloid leukemia, 140–144
chronic neutrophilic leukemia, 144–147
myeloid associate, 147

reactive, 136–140
Normocytic anemia

acquired pure red cell aplasia, 23–25
bone marrow infiltration, 25–26
chronic disease and inflammation, 23

Nucleated red blood cells, 9

O
Osteosclerotic myeloma, 385

P
Paraneoplastic leukocytosis, 137
Paroxysmal nocturnal hemoglobinuria (PNH), 65

classification, 128, 131
clinical features, 129–130
cytogenetics and molecular genetics, 132
differential diagnosis, 132–133
flow cytometry assay for, 124
immunophenotype, 131–132
morphology, 130

Parvovirus B19, 24
Parvovirus infection, on erythroblasts, 24
Periodic acid schiff, 14
Peripheral blood (PB), 281

B cells, 332
smear, 9–12

Persistent polyclonal B-cell lymphocytosis,  
332–333

PIGA, 128, 132
Plasma cell leukemia (PCL), 385
Plasma cell myeloma, see Multiple myeloma
Plasma cell neoplasms (PCN), 383
Plasmacytosis, 383, 384
Platelets, 6–8, 226
PNH, see Paroxysmal nocturnal hemoglobinuria  

(PNH)
Polychromasia, 31
Polycythemia, see Erythrocytosis
Polycythemia vera (PV), 248

clinical features, 248
cytogenetics, 252–253
diagnosis, 249
differential diagnosis, 253
immunophenotyping, 252

molecular genetics, 252
morphology, 250–252

Primary eosinophilia, 171
Primary erythrocytosis, 243
Primary myelofibrosis (PMF), 219, 260

clinical features, 220, 260
cytogenetics, 221–222
differential diagnosis, 273
immunophenotype, 221
incidence, 269
molecular genetics, 273
morphology, 220, 270–272

Primary neutrophilia, 136
Primitive hematodermic neoplasm, 164
Prolymphocytes, 335
Promonocytes, 152
Promyelocytes, 152
Prussian blue stain, 22
Pseudo-Pelger-Huet neutrophil, 47
Pseudothrombocytopenia, 40
Pure erythroid leukemia (PEL), 163
Pure red cell aplasia

acquired, 25
bone marrow aspirate, 24
with thymoma, 24

Pure white cell aplasia, 37
Pyropoikilocytosis, 28

R
Reactive cytosis with cytopenia

clinical features, 257–258
cytogenetics, 259
differential diagnosis, 260
immunophenotype, 259
molecular genetics, 259
morphology, 258–259

Reactive lymphocytosis, 281
clinical features, 282
immunophenotype, 283–284
LGL, 285–286
morphology, 282–283
NK cells, 285, 287–288
TCRγδ T cells, 286–287

Reactive monocytosis, 195–196
clinical features, 196–197
cytogenetics and molecular genetics, 200
differential diagnosis, 200
immunophenotype and cytochemistry, 198–200
morphology, 197–198

Reactive thrombocytosis, 226, 228
Red blood cells (RBC), 2–6

enzymopathies, 28
production, 243

Refractory anemia with ring sideroblasts  
and marked thrombocytosis (RARS-T),  
265

Reticulin, 14
Reticulocytes, 4, 5
Ring sideroblasts, 49, 67
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S
Schistocytes, 29
Secondary erythrocytosis

causes of, 244
chronic hypoxia, 247
Epo production, 247–248
erythropoietin production, 248
hemoglobin oxygen affinity states, 245–246
HIF pathway, 246
iatrogenic, 248
TEMPI syndrome, 248

Secondary hypereosinophilia (HE), 172
Secondary thrombocytosis, 225

in adults, 226
in children, 226
clinical features, 228
cytogenetics and molecular genetics, 228–229
differential diagnosis, 229–230
immunophenotype, 228
morphology, 228
platelets, 226

Sézary syndrome (SS), 304
clinical features, 304–305
cytogenetics and molecular genetics, 306–307
differential diagnosis, 307
immunophenotype, 305–306
morphology, 305

SF3B1, 63
Sickle cell anemia, peripheral blood smear, 30
Sideroblastic anemia, 3, 22–23
Sideroblastic iron incorporation, 19
Smoking, 137
Smoldering multiple myeloma (SMM), 384
SMZL, see Splenic marginal zone lymphoma (SMZL)
Solitary extramedullary plasmacytoma, 385
Solitary plasmacytoma, of bone, 385
Spherocytes, 29, 30
Splenic marginal zone lymphoma, 353
Splenic marginal zone lymphoma (SMZL), 353

clinical features, 353–354
cytogenetics and molecular genetics, 356
differential diagnosis, 356
immunophenotype, 355–356
morphology, 354–355

Spurious thrombocytopenia, 40
Spurious thrombocytosis, 225
Stress erythropoiesis, 19, 29
Subclinical PNH, 130
Syntaxin11, 31

T
T-cell large granular lymphocytic (LGL) leukemia, 288

clinical features, 288–290
cytogenetics and molecular genetics, 294
differential diagnosis, 294–295
immunophenotype, 290–294
morphology, 290

TEMPI syndrome, 248, 398
Thalassemia(s), 22

α-Thalassemia major, 19
β-Thalassemia minor, 19
Thrombocytopenia, 40–42

immune-mediated, 41
MPV and IPF in, 7
spurious thrombocytopenia, 40

Thrombocytosis
causes, 225–226
definition, 225
diagnosis, 227
differential diagnosis, 227, 238–239
essential thrombocythemia

clinical features, 230
cytogenetics and molecular genetics, 231–232
differential diagnosis, 232–234
immunophenotype, 231
morphology, 230–231

MDS/MPN-RS-T, 234–235
clinical features, 235–236
cytogenetics and molecular genetics, 236–238
immunophenotype, 236
morphology, 236

pathophysiology, 227
secondary/reactive, 225

in adults, 226–227
in children, 226–227
clinical features, 228
cytogenetics and molecular genetics, 228–229
differential diagnosis, 229–230
immunophenotype, 228
morphology, 228
platelets, 226

T-LBL, see T-lymphoblastic leukemia/lymphoma 
(T-LBL)

T-lymphoblastic leukemia/lymphoma (T-LBL), 315
clinical features, 316
cytogenetics and molecular genetics, 318
differential diagnosis, 318–320
immunophenotype, 316–318
morphology, 316

T-lymphocyte pool, 286
Transferrin iron binding capacity (TIBC), 18
Transient abnormal myelopoiesis (TAM), 110
Trephine biopsy, 13–14
Trichrome, 14

V
Vitamin B12 deficiency, megaloblastic anemia due to,  

35

W
Warm autoantibodies, 30
White blood cells (WBCs), 8–9

See also Leukocytosis
Wright-Giemsa stain, 10

X
X-linked sideroblastic anemia (XLSA), 238
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