
Blood Cell ldentification - Graded

This peripheral blood smear is from a 35-year-old woman with past medical history of kidney disease

presenting with headache and lethargy. Laboratory data includes: WBC = I 1.0 x 10E9/L;

RBC = 3.53 x 10E12/L; HGB = 10.7 g/dl; HCT = 30.5%i MCV = 120.0 fL MCHC = 35.1 g/dl;
PLT = 204 x 10E9/L; and RDW = 16.1o/o. ldentify the arrowed object(s) on each image.

(pERtpHERAL BLOOD, WRTGHT-GtEMSA)

To access the online Hematology Glossary, please click the hyperlink below:

Case History
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ldentification

Neutrophil, segmented/band
Neutrophil, toxic (to include toxic
granulation and or Döhle bodies, and/or
toxic vacuolization)

Referees
No. To Evaluation

Good
Acceptable

119
20

85.6
14.4

87.6
11.8

4946
667

The arrowed cell is a neutrophil, segmented/band, as correctly identified by 85,6 % of referees and

87 .6 o/o of participants. Mature neutrophils are typically the predominant leukocyte in the peripheral

blood. This polymorphonuclear cell is 10 to 18 um in diameter, with N:C ratio varying from 1:1.5 to 1:3,

and displaying highly condensed nuclear chromatin. An absolute and/or relative neutrophilia can be

seen in a number of physiologic and pathologic states, including infectious/inflammatory processes,

tissue damage or necrosis, neoplasia, poisoning or intoxication, drug effect, and metabolic

abnormalities.
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Blood Cell ldentification - Graded

The presence of thin, thread-like filaments (which lack internal chromatin) is thought to be the main

distinguishing feature of segmented forms as compared to band forms. However, for the purposes of
proficiency testing, differentiation of band and segmented neutrophils is not required, given the difficulty

in achieving consistent and reproducible differentiation, and the questionable independent contribution

of band count results to clinical management in many settings. [For a detailed guideline for the

differentiation of segmented and band neutrophils, see Glassy, 2018; for other reading related to the

clinical utility of band counts, see Cornbleet,2002.1

Toxic neutrophil is also considered an acceptable answer, as identified by 14.4o/o of referees and 11.8o/o

of participants. Toxic changes include toxic granulation, toxic vacuolization, and Döhle bodies (blue or

gray-blue cytoplasmic inclusions, representing parallel strands of rough endoplasmic reticulum). ln

neutrophils displayed in these photopages, the granules may appear to some participants as slightly

more prominent than is typically observed in normal neutrophils, with large, purple or dark blue

cytoplasmic granules; thus toxic neutrophil is considered an acceptable cell identification. Either toxic
granulation or Döhle bodies may be present in an individual neutrophil in isolation and would be

sufficient to designate a neutrophil as toxic. On the other hand, vacuolization may be due to either toxic

change or degeneration, therefore, the presence of neutrophil vacuolization as a sole finding should.not

be labeled as toxic vacuoles, unless accompanied by toxic granules and/or Döhle bodies.
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Fragmented red blood cell
(schistocyte, helmet cell, keratocyte,
triangular cell)

Bite cell (degmacyte)

Neutrophil, segmented/band

137 98.6 5478 97.0

Referees
No. %

Participants
No. Yo Evaluation

Good

Unacceptable
Unacceptable

1

1

0.7
0.7

0.8

0.0
47

The arrowed cell is a fragmented red blood cell, as correctly identified by 98.6% of referees

of participants. Fragmented red blood cells include helmet cells, keratocytes (horn cells), triangulocytes,

and schistocytes. Red blood cells can experience fragmentation from being dragged across fibrin

strands in the microcirculation, resulting in rips and tears through their membranes and producing

irregularly-shaped red cell fragments with sharp angles, straight borders, small crescents, or helmet

cells. Another mechanism of red cell fragmentation is erythrocyte buffeting against unyielding structures

in the macrocirculation (as seen in prosthetic cardiac valves or severe valvular stenosis).
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Referees

No. o/o

Participants
No. Yo Evaluation

Eosinophil, any stage 139 100.0 5638 99.8 Good

The arrowed cell is an eosinophil, as correctly identified by 100.0 % of referees and 99.8 % of
participants. Mature eosinophils are white blood cells that are readily identified by their characteristically

uniform orange-red granules and, oftentimes, bilobed nuclear segmentation. While comparable in size

evenly-sized granules, while neutrophils have smaller and finer granules.
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Participants
No. %

Platelet, normal
Megakaryocyte (normal, abnormal,

or nuclear fragment)

The arrowed cell is a normal platelet, as correctly identified by 99.3% of referees and 99.7% of

blue-gray fragments with fine, purple-red granules, which are dispersed throughout or aggregated

centrally. Most of them are small (1.5 to 3 ¡rm in diameter), while a few larger platelets (4 to 7 pm in

diameter) can also be seen in normal blood smears. Platelets are involved in primary hemostasis and

coagulation.

Referees
No. olo

138

Evaluation

Good
Unacceptable

99.3
0.7

5632 99.7
0.14
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Referees

No. o/o

Participants
No. o/o Evaluation

Macrocyte, ovalor round (excluding 139 100.0 5563 98.5 Good
polychromatophilic red blood cell)

The arrowed cellis a macrocyte, as correctly identified by 100.0% of referees and 98.5% of
participants. To qualify as a macrocyte, a mature red cell must be abnormally large, measuring greater

Macrocytes must be differentiated from polychromatophilic red cells. Like macrocytes,
polychromatophilic erythrocytes can be much larger than normal red blood cells. However,
polychromatophils continue to have increased RNA content, imparting a gray-blue hue to the
cytoplasm; in contrast, macrocytes are mature red blood cells, and as such, lack significant
polychromasia.

For morphologic size comparison, one can see that the much larger red blood cell (ie, macrocyte)
appears beside other smaller red blood cells as well as a small lymphocyte (which typically measures
from 7 - 15 pm in diameter) in the photopage image provided. As an added indicator of mean red cell
volume, one should review the patient's MCV to verify one's visual microscopic examination (in this

case, MCV is 120 fL).

As a final note, spurious elevations of MCV can occur in the setting of hyperglycemia and/or
intravenous line contamination with glucose into the specimen drawn for analysis. Along with
confirmation by visual microscopic examination, one can verify that the MCV is abnormally high by
cross-checking the value of the MCHC. The MCHC will be normal or elevated in the face of a bona fide
significant increase in MCV. On the other hand, abnormally low MCHCs would be seen with spuriously
elevated MCVs. ln this case, visual examination confirms the presence of true macrocytes, with a
concomitant elevation in MCV and normal MCHC (at 35.1 g/dl); the combination of findings validates
the existence of true macrocytosis.
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Gase Presentation:

This peripheral blood smear is from a 3S-year-old woman with past medical history of kidney disease presenting

with headache and lethargy. Laboratory data includes: WBC = 1 1.0 x 10Eg/L; RBC = 3.53 x 10E12/L;

HGB=10.7gldL;HCT=30.5o/o;MCV=120.0f1;MCHC=35.1 g/dl; PL-l=204x10E9/L;andRDW=16.10/o.

(PERIPHERAL BLOOD, WRTGHT-GtEMSA)

Case Discussion: Macrocytic anemia

Macrocytic anemia is defined as anemia associated with MCV elevations above the normal population reference

range (in adults, generally greater than or equal to 100 fL) and is age-dependent in infants and children.

Abnormally large erythrocytes that are greater than or equal to 8.5 pm in diameter (ie. macrocytes) would be

seen. To confirm the presence of macrocytes in smears, it is important to compare the size of the red blood cell of
interest (ie, candidate macrocyte) against the other red blood cells in the smear and to compare to the size of
other white blood cells, which typically are larger than 8 pm in diameter. Round and oval macrocytes are

distinguished from large polychromatophilic cells (which represent reticulocytes or less mature anucleate red cells
and can mimic macrocytes) by the blue or blue-gray cytoplasmic hue imparted by the increased RNA content in
polychromatophilic cells. The increased fragility of macrocytes as they transit through the spleen is thought to lead
to increased numbers of fragmented red blood cells and spherocytes often associated with macrocytic anemias.

Anisocytosis and poikilocytosis would also be evident. Oval macrocytes and hypersegmented neutrophils could

suggest a megaloblastic anemia.

Subclassifying macrocytic anemias can be done in a number of ways. One method would be to use the

reticulocyte count as a discriminator. lf the absolute reticulocyte count is high, the macrocytosis would likely be

attributable to reticulocytosis in response to hemolysis, acute/recent blood loss, or active treatment of folate or
vitamin 812 deficiencies. lf the absolute reticulocyte count is low, one would more likely consider alcoholism,

methotrexate, hydroxyurea, purine and pyrimidine analogues), congenital/inherited disorders, and
myelodysplastic syndromes (particularly in elderly patients) in the differential diagnosis.

Another way to subclassify macrocytic anemias would be to fìrst determine whether an individual case falls into
one of two forms: megaloblastic versus non-megaloblastic. Clues in the CBC and peripheral blood smear review
that could favor a megaloblastic anemia include MCVs exceeding 120 fL, and the presence of oval macrocytes

and hypersegmented neutrophils (six or more nuclear segments). Megaloblastic anemia is considered a
distinctive type of anemia, most commonly arising from folate or vitamin 812 (cobalamin) deficiency. The

coenzyme forms of folate and cobalamin play essential roles in DNA synthesis, and as such, their deficiencies
result in ineffective hematopoiesis. The lack of sufficient DNA to undergo mitosis causes a delay in cell division,

while RNA synthesis - which is not dependent on folate or cobalamin - proceeds unimpeded. As a result,
megaloblastic change or enlargement or "gigantism" of hematopoietic precursors is seen, as is nuclear-to-
cytoplasmic dyssynchrony (ie. cytoplasmic differentiation appears more mature as compared to nuclear
maturation). Giant C-shaped neutrophilic bands and megaloblastic erythroid precursors can be seen in bone
marrow aspirate smears of patients with megaloblastic anemia.
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From a treating provider's perspective, common causes of an isolated macrocytic anemia depend on region and

setting: alcohol, hemolysis, medication-induced, and vitamin Bl2lfolale deficiency. Careful integration of findings
from clinical history (eg, age of the patient, strict vegan diet without vitamin 812 supplementation, medication

history, alcohol use, small bowel disease), physical examination (eg. neurologic findings), CBO/peripheral blood

smear findings, and laboratory results (eg. reticulocyte count, TSH, serum 812 and folate levels, liver function

tests) can lead to focused downstream testing and, ultimately, the identification of the correct etiology for
macrocytic anemia to assure appropriate approaches to therapy.

Maria (Ria) Vergara-Lluri, MD

Hematology and Clinical Microscopy Gommittee
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Case History

Blood Gell ldentification - Ungraded

This peripheral blood smear is from a 32-year-old man with no significant past medical history presenting with
pallor and fatigue. Laboratory data includes: WBC = 15.2 x 10E9/L; RBC = 3.79 x 10812/L; HGB = 9.9 g/dl;
HCT = 28.5o/o', MCV = 87 fL; PLT = 70 x 10E9/L; and RDW = 160/o. ldentify the arrowed object(s) on each

rmage.

(PERIPHERAL BLOOD, WRTGHT-GIEMSA)

To access the online Hematology Glossary, please click the hyperlink below
httos ://cao. obiects.frb. io/documents/2 0'l 9-hematol oov-cl inical-microsconv-olossarv odf
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Property ofthe CAP

Participants
No. %

Teardrop cell (dacrocyte) 139 100.0 5575 99.7 Educational

The arrowed cellis a teardrop cell, as correctly identified by 100.0% of the referees and 99.7% of the
participants. The teardrop cell (dacrocyte) is an abnormally shaped red blood cell with a single

elongated, tapered tail, resulting in the shape of a teardrop or pear. The teardrop morphology results

from stretching of the RBC, most often as it passes through an abnormal/fibrotic bone marrow or the

spleen. True teardrop cells should be differentiated from afiifactual mimics that may be seen on poorly

prepared peripheral blood smears; in this situation, the artificially stretched tails are shorter, sharper, and

all point in the same direction whereas true teardrop cells will have tails that point in random directions.

Referees
No. To Evaluation
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Property of tho CAP

Participants
No. olo

Acanthocyte (spur cell)
Echinocyte (burr cell, crenated cell)
Fragmented red blood cell

(schistocyte, helmet cell, keratocyte,
triangular cell)

The indicated cell is an acanthocyte, as correctly identified by 82.7o/o of the referees and 86.8% of the
participants. The acanthocyte is a densely-stained red blood cell lacking central pallor with

characteristic thorn-like or knobby spicules of variable size. The acanthocyte is sometimes confused

with the echinocyte (burr cell, crenated cell). However, the echinocyte retains central pallor and shows
projections that are uniform and evenly distributed around the periphery of the cell, in contrast to the

variability seen in the acanthocyte.

6.5% of referees and 61% of participants identified the cell as a fragmented red blood cell. See BCP-12
for the description and image of a fragmented red blood cell.

!

ldentification
Referees

No. % Evaluation

Educational

Educational
Educational

115

15

I

82.7
10.8
6.5

4796

373
337

86.8
6.8
6.1
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Neutrophil, segmented or band

Neutrophil with Pelger-Huët nucleus
(acquired or congenital)

Neutrophil, toxic (to include toxic

7
90.7

5.0
4831
296

3 2.2 188

Referees
No. %

126

Participants
No. olo Evaluation

Educational
Educational

87.5
5.4

3.4 Educational
and or Döhle and/or

Neutrophil with dysplastic nucleus and/or
hypogranular cytoplasm

3 2.2 162 2.9 Educational

The arrowed cell is a neutrophil, as correctly identified by 90.7o/o of the referees and 87.5% of the
participants. The neutrophil, the most mature stage of myeloid neutrophilic maturation, is 10 to 15 pm in

size with an N:C ratio of 1:3. The cytoplasm is characterized by fine, lilac/pink granulation. The nucleus

shows condensed chromatin with distinct nuclear lobes, each separated by a thin filament. This lobation

pattern distinguishes the segmented neutrophil from its immediate precursor form, the band neutrophil;

although for the purposes of proficiency testing, distinction between band and segmented neutrophils is

not required.

5.0o/o of referees and 5.4o/o of participants identified this cell as a neutrophil with Pelger-Huët nucleus

(acquired or congenital). Neutrophils with bilobed nuclei in the "pince-nez" conformation (ie, two round or
nearly round lobes connected by a distinct thin filament) are designated as neutrophils with Pelger-Huët

nuclei or as Pelger-Huët cells. They may be seen in the context of an inherited autosomal dominant

abnormality of nuclear segmentation, referred to as Pelger-Huët anomaly, caused by mutations in the

Lamin B Receptor (LBR) gene. ln patients heterozygous for an LBR mutation, virtually all of the

neutrophils have bilobed nuclei, lndividuals homozygous for an LBR mutation, however, typically have

single lobe neutrophils.

æ

È
(J
m

46



Blood Cell ldentification - Ungraded

o
o
æ

I
fLo
m

The nuclear chromatin in Pelger-Huët cells is generally denser than in normal neutrophils. Comparable

neutrophil morphology, typically involving only a subset of neutrophils, may be seen in association with

a number of conditions including myelodysplastic syndromes and other myeloid neoplasms, as a side-

effect of ceftain drugs (eg, sulfonamides, colchicine, and mycophenolate mofetil), and in association

with certain infections (eg, HIV and Mycoplasma pneumonia). To distinguish these cells from

neutrophils seen in inherited conditions, these cells are designated as pseudo-Pelger-Huët cells. The

particular cell in question does not have denser chromatin than typical for a neutrophil. ln addition,

although one nuclear lobe is round, the other nuclear lobe has more of a kidney bean shape. Therefore,

the designation of neutrophil, segmented or band is more appropriate.

2.2o/o referees and 3.4% of participants identified this cell as a neutrophil, toxic (to include toxic
granulation and or Döhle bodies, and/or toxic vacuolization). Toxic changes in neutrophils include toxic

granulation, toxic vacuolization, and DÖhle bodies. Toxic granulation and Döhle bodies each may be

present in an individual cell without the other finding and either change alone is sufficient to designate a

neutrophil as toxic. Toxic granulation is defined by the presence of large, purple or dark blue

cytoplasmic granules in neutrophils, bands, and metamyelocytes. Vacuoles within the cytoplasm of
these same cells define toxic vacuolization. The vacuoles are variable in size and may coalesce,

sometimes distorting the neutrophil cytoplasm to form pseudopodia. Döhle bodies appear as single or

multiple blue or gray-blue inclusions of variable size (0.1 to 5.0 pm) and shape (round, elongated, or

crescent shaped) in the cytoplasm of neutrophils, bands, or metamyelocytes, They are often found at

the periphery of the cytoplasm, near the cell membrane. These inclusions represent parallel strands of

rough endoplasmic reticulum. Toxic changes result from the action of cytokines released in response to

infection, burns, trauma, and granulocyte colony stimulating factor (G-CSF), and they indicate a

shortened maturation time and activation of post-mitotic neutrophil precursors. The particular cell in
question does not show cytoplasmic vacuolization or Döhle bodies. ln addition, the granules appear fine

and pale pink in color; they are not large or purple/dark blue in color. Therefore, the designation of

2.2% oÍ referees and 2.9o/o identified this cell as a neutrophil with dysplastic nucleus and/or

hypogranular cytoplasm. Dysplastic neutrophils are characteristic of myelodysplastic syndromes.

Morphologically, the normal synchronous maturation of nucleus and cytoplasm is lost. As a result, in the

cytoplasm, the primary and secondary granules are often decreased or absent, causing the cytoplasm

to appear pale and bluish. Dysplastic neutrophils often have cytoplasm so pale that cytoplasmic borders

cannot be easily distinguished from the slide background. The nucleus may show abnormal lobation

accompanied by a mature chromatin pattern. ln some cases, the nucleus has a "pince-nez"

appearance; these cells are known as pseudo Pelger-Huët neutrophils. For proficiency testing

purposes, cells with pseudo-Pelger-Huët nucleiwith normal cytoplasmic granulation are best labelled as

Pelger-Huët cells. Dysplastic neutrophils often have abnormalcytochemical reactivity; levels of

myeloperoxidase and neutrophil alkaline phosphatase may be low or absent. The dysplastic neutrophils

may also exhibit functional defects. The particular cell in question does not have hypogranular

cytoplasm, and although one nuclear lobe is roLrnd, the characteristic "pince-nez" appearance is not

seen. Therefore, the designation of neutrophil, segmented or band is more appropriate.
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ldentification
Referees

No. %

Participants
No. olo Evaluation

Educational

Educational
Lymphocyte 138 99.3 5480 99.2

Malignant lymphoid cell (other than blast) 1 0.7 3 0.1

The arrowed cell represents a lymphocyte, as chosen by 99.3% of the referees and 99.2% of the

participants. The lymphocyte is a small cell (7 to 15 pm) with rounded nuclear contours, coarse or
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Properly of the CAP

Participants
No. % Evaluationldentification

Myeloblast with Auer rod

Blast cell
Lymphocyte, reactive
Neutrophil, promyelocyte, abnormal
with/without Auer rod(s)

Plasma cell, morphologically
mature/abnormal/containing inclusion
(eg, Dutcher body, Russell body)

Malignant lymphoid cell (other than blast)

100

17

6
4

71.9
12.2

4.3
2.9

4102
737
205

88

74.3
13.3

3.7
1.6

Educational
Educational
Educational
Educational

33 0.6 Educational

1.1 Educational

Referees
No. otfo

2 1.4

1 0.7 62

The arrowed cells are myeloblasts with Auer rods, as correctly identified by 71.9o/o of referees and

74.3o/o of participants. Myeloblasts are the most immature cells in the myeloid series. They are normally

confined to the bone marrow, where they constitute less than 3% of the nucleated cells. They may be

present in the blood in leukemic states, in myelodysplastic syndromes, in myeloproliferative neoplasms,

and, very rarely, in leukemoid reactions. The myeloblast is usually a fairly large cell, 15 to 20 pm in

diameter, with a high N:C ratio, usually 7'.11o 5.1, and typically basophilic cytoplasm. Myeloblasts may

occasionally be smaller, similar to the size of a mature myeloid cell. The cell and nucleus are usually

round, although irregularly shaped or folded nuclei may be present. The myeloblast nucleus has a

characteristically finely reticulated chromatin pattern with distinct nucleoli present. Leukemic

myeloblasts may also exhibit a few delicate granules and/or Auer rods. Distinguishing one type of

abnormal blast cell from another is not always possible using Wright-Giemsa stains alone. Additional

testing such as cytochemical staining (eg, using myeloperoxidase or Sudan black), or

immunophenotyping may be required to further define the lineage of a given blast population.
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Blood Cell ldentification - Ungraded

Auer rods are pink or red, rod-shaped cytoplasmic inclusions seen in early myeloid forms and

occasionally in early monocytic forms in patients with myeloid lineage neoplasms including leukemia.

These inclusions represent a crystallization of azurophilic (primary) granules and are pathognomonic for

a high grade myeloid neoplasm.

12.2o/o of referees and 13.3% of participants identified these cells as blast cells which is an acceptable

answer. A blast is a large, round-to-oval cell, 10 to 20 pm in diameter. ln the blood film, the cell may

appear flattened or compressed by adjacent red blood cells. The nuclear-to-cytoplasmic ratio is high,

varying fromT:1to 5:1. The blast often has a round to oval nucleus, but sometimes it is indented or

folded. The blast cell has fine, lacy, or reticular chromatin. One or more prominent nucleoli may be

seen. The cytoplasm is variably basophilic and typically agranular. The morphologic features of a blast

cell do not permit determination of the cell lineage, ie, myeloblast versus lymphoblast. The one

exception is the presence of Auer rods, which are diagnostic of myeloid lineage (ie, "myeloblast"). Given

the presence of distinct Auer rods in the arrowed cells, the more appropriate designation of the cells is

myeloblasts with Auer rods as this is a more specific sub-classification. Nonetheless, blast cell is

acceptable.

4.3o/o of referees and 3.7o/o of participants identified these cells as lymphocytes, reactive. This

designation is inappropriate because although reactive lymphocytes may sometimes have a more open

chromatin pattern (as seen in these arrowed cells), they will never have Auer rods.

2.9o/o of referees and 1.6 % of participants identified these cells neutrophils, promyelocytes, abnormal

with/without Auer rod(s). Although this may appear as a potential choice given the presence of Auer

rods, these arrowed cells do not have folded, bilobed, or reniform nuclear appearance, which is typical

for abnormal promyelocytes.
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COLLEGE of AMERICAN
PATHOLOG ISTS

Don't Miss Out On This Opportunity to Earn Gontinuing Education Credit

** Enter the information below and distribute to your laboratory staff. **

Program Mailing and Year: FH9-B 2019

Activity Start Date June 3,2019

Activity Expiration Date June 2,2020

How to Access Your Online Education Activities

Access Your Account
a. Go to cap.org.
b. Under the MY CAP menu, click Log ln.

. lf you are unsure whether you have an individualweb account with the CAP, or do not remember
your user lD and password, click on the Reset password or Email temporary password.

. lf you do not have an individual web account, click Greate An Account. Complete and submit
the account request form. You will be notified within one business day that your individual
account has been activated.

c. lf you are associated to one lab that purchased kits for this activity, the system will register you

into the actívity. A kit will be associated to your registration.
d. lf you are associated to more than one lab that purchased kits for this activity, you will need to

select the lab by clicking the Select or Ghange Laboratory button. The system will register you into

the activity. A kit will be associated to your registration.
e. lf are not associated to a lab, need to add lab affiliation.

menu,
Click the Business/Professionaltab, then (in the upper-right corner) click + Add Affiliation to
enter the appropriate information.

2. Access Your Online Education Activities
a. Go to cap.org.
b. Under the MY CAP menu, click Log In.
c. Click on the Learning tab.
d. Enter the Program code in the Search box (eg, BMD, CGL), then click the arrow iconE.
e. ln the list of results, click the Register button of your activity.
f. After reviewing the Activity Details page, click the Register button.
g. Click Resume to access the Activity.
h. Click the confirmation checkbox at the bottom of the Activity Overview page, and then click the

Continue button.
i. lf you choose to return to the activity later, it can be found on the ln-Progress Learning tab. Click the

activity title to return to the activity.

View courses with one of the following browsers: lnternet Explorer 7.x or newer, Firefox, Google Chrome,
or Safari. Pop-up blockers must be turned off to complete the activity.

lmportant: Refer to the System Requirements document located on cap.org.

For assistance, please call a Customer Contact Center representative at 800-323-4040 or 847-832-7000
option 1.
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FH(1-4,6,9-10, f 3)-B 2019: Acute Myeloid Leukemia

CE (Continuing Education for non-physicians)
The CAP designates this educational activity for a maximum of 1 credit of continuing education. Participants
should only claim credit commensurate with the extent of their participation in the activity.

The American Society for Clinical Pathology (ASCP) Board of Certification (BOC) Certification Maintenance
Program (CMP) accepts this activity to meet the continuing education requirements.

This activity is approved for continuing education credit in the states of California and Florida.

The following authors/planners have no financial relationships to disclose:
David Czuchlewski, MD, MEd, FCAP; Stephanie A. Salansky, MEd, MS, MT(ASCP)

The following ln-Kind Support has been received for this activity:
None

The following Commercial Support has been received for this activity:
None

All speakers/authors of a CAP educational activity must disclose to the program audience any proprietary entity
producing, marketing, reselling or distributing health care goods or services consumed by, or used on patients
that may be discussed in the educational activity or with any proprietary entity producing, marketing, reselling, or
distributing health care goods or services consumed by, or used on patients that is directly competitive with a
product discussed in the presentation. Relevant financial relationships are considered to be any financial
relationships in any amount occurring within the past 12 months that create a conflict of interest.

The Col lege of American Pathologists does not vrew the existe nce of these nterests uses as implying bias oror
the value to nts. The CAP feel s that this disclosu re ts tm for the to form

own

All College educational activities hold to the highest standards of educational quality and are dedicated to
promoting improvement in healthcare quality and not a specific proprietary business interest of a commercial
interest. All recommendations and/or planning criteria involving clinical medicine are based on evidence that is
accepted within the profession of medicine as adequate justification for this indication and contraindication in the
care of patients.

Upon completing the reading and answering the learning assessment questions, you should be able to:

1. Describe the diagnostic criteria and common clinical presentation of acute myeloid leukemia (AML)

2. ldentify the clinical, morphologic, and common laboratory features of acute promyelocytic leukemia (APL)

3. Utilize the myeloperoxidase (MPO) cytochemical stain in the workup of AML.
4. Describe the utility of common laboratory tests used to confirm and further investigate cases of AML,

including flow cytometry, cytogenetics, and molecular sequencing.
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Gase Presentation

This peripheral blood smear is from a 32-year-old man with no significant past medical history who presents

with pallor and fatigue. Laboratory data includes: WBC = 15.2 x 10E9/L; RBC = 3.79 x 10E12/L; HGB = 9.9 g/dl;

HCT = 28.5o/o; MCV = 87 fL; PLT = 70 x 10E9/L; and RDW = 160/o. ldentify the arrowed object(s) on each image.*

(PERTPHERAL BLOOD, WRIGHT-GIEMSA)

* /otei lmage of the slide ¡s located w¡thin the FH (1-4,6, 9-10, 13)-B 2019 Participant Summary

lnrnooucro¡¡

Acute myeloid leukemia (AML) is a myeloid neoplasm that meets 1 of 2 diagnostic requirements: either there

are > 200/o myeloblasts (or equivalents) in the peripheral blood or bone marrow, or there are certain specific

cytogenetic abnormalities resulting in particular gene fusrons.

AML is one of the most consequential diagnoses that can be made based on peripheral blood examination.

lndeed, morphologic detection of blasts on the peripheral smear is often the initiating step in a series of

investigations and confirmatory steps leading to the diagnosis of AML. ln addition, morphology plays a crucial role

in the recognition of acute promyelocytic leukemia (APL), a subtype of AML that must be diagnosed as rapidly as

possible due to its association with coagulation abnormalities resulting in high mortality at initial presentation.

Even the delay of a few hours in recognizing a case of APL can have fatal consequences.

in any given case will most likely include cytochemistry, flow cytometric analysis, cytogenetic studies (including

fluorescence in situ hybridization [FISH] and karyotyping), and molecular sequencing for gene mutations. Some of

these investigations are not directly within the purview of the hematology laboratory. Yet, because the final

diagnosis of AML must integrate these data with the peripheral blood findings, it is helpful for the morphologist to

understand how these additional studies can impact the diagnosis and management of AML. For example, the

World Health Organization (WHO) 2016 Classification of Hematopoietic Neoplasms includes many subtypes of

AML based on genetic and clinical factors (Table 1). While the specific WHO subtype of a given case of AML may

not be fully established based on the initial peripheral blood examination, every case of AML must eventually be

categorized according to this scheme for proper treatment and management.
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Table l. WHO 2016 Classification of Acute Myeloid Leukemia (AML)

AML with recurrent genetic abnormalities

AML t(8;21 Xq22;q22.1)', RU NXl - RU NX1 T1
AM L i nv(1 6) ( p1 3.1 q22) or t( 1 6 ; I 6)(p I 3.1',q22); C B F B- M YH 1 1

APL with PML-RARA
AML t(9;1 1)(p21.3;q23 .3): KMT2A-MLLT3
AM L t(6;9)(p23;q3a,1); DEK-NU P2 1 4

AML with inv(3)(q2 1 .3q26.2) or t(3; 3Xq2l .3;q26.2), G ATA2, M ECOM
AML with t(1 ;22)(p13.3;q1 3. 1 ); RBM 1 5-M KL1

AML with BCR-ABLI
AML with mutated NPM1
AML with biallelic mutation of CEBPA
AML with mutated RUNXI

AML with myelodysplasia-related changes
Therapy-related myeloid neoplasm
AML, not othenruise specified
Myeloid sarcoma
Myeloid proliferations associated with Down syndrome

Eproeurolocv

AML can occur at any age, though the overall incidence increases with age (median age at diagnosis 65 years)

ln adults, 70o/o - 80o/o of acute leukemia cases represent AML, while, in contrast, acute lymphoblastic leukemia

(ALL) is more common in children. The incidence of AML overallin the U

persons.

cases per

Plrxocenesrs

Multiple acquired genetic changes in a bone marrow stem/progenitor cell are required to give rise to AML. Many

cases are characterized by mutations or gene rearrangements that lead to a blockade in cellular differentiation

and an abnormal increase in cellular proliferation. The combined effect of these changes is the overproduction of

cells at the earliest stage of granulocytic differentiation: the myeloblast. While some recurrent genetic changes -
such as those affecting transcription factors and signaling molecules - directly impact these cellular processes,

others exert similar effects by altering DNA methylation, chromatin modification, RNA splicing, or other cellular

mechanisms. ln some cases of AML, mutations and rearrangements occur as random events in the bone marrow

However, there are specific conditions that increase the likelihood of these genetic changes occurring. These

include prior treatment with DNA-damaging chemotherapy or radiation therapy, a pre-existing myelodysplastic

syndrome, and the presence of certain speciflc (usually inherited) germlrne mutations associated with higher risk

of myeloid neoplasms. All these clinical settings are associated with increased incidence of AML.
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Dllcrosrs

The Complete Blood Count (CBC)

The predominance of blasts in the bone marrow results in decreased production of mature peripheral blood

elements. Thus, the CBC usually shows anemia, thrombocytopenia, and/or neutropenia. Circulating blasts are

often very numerous, resulting in a leukocytosis, though some cases show fewer circulating blasts.

Peripheral Blood Evaluation
The diagnosis of AML depends upon an accurate blast count. Peripheral blood cells that are counted as blasts for

this diagnosis include myeloblasts and monoblasts. Promonocytes are considered blast equivalents and are also

counted as blasts for purposes of AML diagnosis. Promyelocytes are counted as blast equivalents for the

diagnosis of APL specifically. The morphologic features of these various cell types are given in Table 2.

Table 2. Features of Blasts and Commonly Encountered Equivalents

Celltype Morphologic features

Blast High nuclear-to-cytoplasmic ratio; fine,
dispersed chromatin; variably prominent

nucleoli; range of cell size, most often
intermediate to large

Monoblast Large cell, more cytoplasm than a myeloblast;
round or oval nucleus with lacy chromatin and
nucleoli

Promonocyte Large cell, relatively abundant gray-blue

indented, or creased nuclear contour with
chromatin condensation between that seen in

blast and mature monocyte; considered a

blast equivalent for diagnosis of AML

Abnormal promyelocyte (in acute
promyelocytic leukemia)

Nucleus is usually folded, bilobed, or reniform
(often with overlapping nuclear lobes); distinct
Golgi zone is typically absent; abundant
cytoplasmic granules, often either coarser or
finer than those seen in normal promyelocytes

and slightly darker in color; microgranular
variant shows very few, fine granules;Auer
rods present, in some cells numerous and
overlapping
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For purposes of identifying generic myeloblasts, key features include open or powdery chromatin, variably

prominent nucleoli, high nucleus to cytoplasmic ratio, and in some cases, Auer rods. lf an Auer rod is seen in a

blast cell, myeloid lineage is established. lt is especially critical to recognize the features of the abnormal

promyelocytes seen in APL, including prominent and abnormalcytoplasmic granulation, bilobed nuclei, frequent

Auer rods, and multiple Auer rods in single cells. lmportantly, some microgranular or hypogranular cases of APL

show cytoplasm that lacks the typical granulation. Nevertheless, the other morphologic features including bilobed

nuclei remain present. lt should be noted that in some cases of APL (especially those with typical hypergranular

appearance), these circulating blast equivalents are often relatively scant.

While attention in cases of AML is typically devoted to the blasts, the remaining morphologic aspects of the

peripheral smear should not be neglected. Morphologic dysplasia may be present; if confirmed in greater than

50o/o of 2 lineages (ie, after bone marrow assessment), this would be consistent with AML with myelodysplasia-

related changes. Cases of AML, most importantly APL, may also show evidence of disseminated intravascular

coagulation, and therefore, the red blood cell morphology should be carefully evaluated for the presence of

schistocytes.

A useful adjunct in the initial work-up of AML is the cytochemical stain for myeloperoxidase (MPO). This stain may

be performed rapidly at the hematology bench as part of the initial review of the case. lf the blasts convincingly

contain MPO positive granules, the presence of myeloid lineage differentiation is established. However, some

cases of AML are negative for MPO (eg, AML with minimal differentiation or monoblastic leukemia), and

therefore, the absence of MPO positive granules does not exclude the diagnosis of AML. The leukemic cells in

APL show very strong MPO activity, a feature that may be helpful in rapidly identifying these cases as APL. Of

note, even microgranular cases of APL show this characteristic pattern of strong MPO expression. (The granules

in these cases are abnormally small, and therefore, cannot be seen using the light microscope, but they are

It should be noted that in some cases of AML, the blast count in the peripheral blood will not exceed 20o/o. As

mentioned above, in these cases either the bone marrow blast count would be above 20o/o or certain specific

cytogenetic abnormalities would be present. ln cases of AML with monocytic differentiation, it is particularly

common that the bone marrow shows a greater degree of immaturity than the peripheral blood.

Flow Cytometry
After the initial examination of the peripheral blood smear, flow cytometric analysis is often the next step in the

workup of cases of suspected AML. ln this technique, monoclonal antibodies to various cellular proteins are used

to interrogate the cells for the presence of specific antigens. Myeloblasts typically show a combination of myeloid

antigens (eg, CD13, CD33, MPO) with markers of cellular immaturity such as CD34 and CD117 . Flow cytometric

analysis is also useful in documenting the presence of monocytic differentiation, including with the expression of

monocytic antigens such as CD14, CD36, and CD64. Yet another important observation on flow cytometric

analysis is the characteristic absence of CD34 and HLA-DR in cases of APL.
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Gytogenetic Analysis
Two types of cytogenetic analysis are commonly performed in cases of AML. FISH may be performed on either

peripheral blood or bone marrow specimens. ln this technique, fluorescently labeled probes are hybridized to the

cells in order to reveal the presence and location of specific genetic regions. Most critical in the diagnosis of AML

is the use of probes for the PML and RARA regions. Using these probes, a PML-RARA gene fusion resulting from

the t(15;17) translocation can be definitively demonstrated, thus clinching the diagnosis of APL. FISH for the

PML-RARA fusion should be performed on a rapid basis, given the critical nature of a prompt diagnosis. However,

because of the high mortality associated with APL at diagnosis and the excellent response to all-trans retinoic

acid (ATRA) therapy, treatment with ATRA should be initiated as soon as the diagnosis of APL is strongly

suspected, rather than waiting for genetic confirmation.

Karyotyping is the second type of cytogenetic analysis performed in cases of AML. ln this assay, patient cells are

grown in culture and the chromosomes are visualized. ln AML, karyotyping provides important information for

subclassification as well as risk stratification for prognosis and treatment.

Molecular Sequencing
It is now standard of care to perform molecular sequencing in cases of AML. The number of genes assessed may

vary, but for proper WHO classification and for complete prognostic determination, it is important to assess for

mutations of the NPM| , FLT3, CEBPA, RtJNXl, and (in some cases) K/f genes. Other genes commonly

assessed include ASXLí and TP53, mutations of which are associated with worse prognosis. With the increasing

number of genes that must be tested, it is becoming more common to use next generation sequencing technology

to study multiple gene regions simultaneously. Genetic data may also be used to guide targeted therapy.

FDA-approved therapies are available for cases bearing mutations of the FL13, lDHl, and lDH2 genes.

The differentialdiagnosis of AML is broad and includes non-neoplastic and neoplastic mimics. lt is essentialthat

reactive circulating cells such as immunoblasts be accurately differentiated from myeloblasts in order to avoid

misdiagnosis. Another non-neoplastic consideration is the administration of G-CSF to patients. This therapy is

given to increase the neutrophil count, but may also in some cases lead to the presence of some (though usually

far fewer than 20o/o) circulating blasts. lf numerous blasts are indeed present, the differential diagnosis includes

ALL, which is best distinguished from AML by immunophenotypic studies. Circulating myeloblasts (< 20%) are

seen in many myeloid neoplasms other than AML, including the myelodysplastic syndromes and

myeloproliferative neoplasms. Additional morphologic and CBC clues to these alternative myeloid neoplasms,

such as dysplasia or significant cytoses, may be seen in the peripheral blood. However, because of the possibility

of a low blast count AML, as defined by the presence of specific cytogenetic abnormalities, additional correlation

is typically necessary. Other blastic neoplasms such as blastic plasmacytoid dendritic cell neoplasm or blast

phase of chronic myeloid leukemia must also be considered. Thus, the detection of blasts is only the first step in a

multifaceted clinicopathologic investigation to reach a diagnosis of AML.
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TnempyAND PRoGNosts

Cases of non-APL AML are initially treated with cytotoxic chemotherapy, most often using the regimen known

as "7+3," consisting of cytarabine and an anthracycline such as daunorubicin. The prognostic expectations are

established using cytogenetic and molecular data, in addition to the WHO subtype. The 2 risk stratification

systems in common usage are the National Comprehensive Cancer Network (NCCN) guidelines and the

European LeukemiaNet (ELN) system. Based in part on the prognostic data thus obtained, some patients with

more aggressive disease may be offered allogeneic hematopoietic stem celltransplantation. The detection of

certain molecular abnormalities, such as FLT3 mutation, may lead to the addition of targeted therapies. An

important exception to this overall approach occurs in the setting of APL, in which treatment with ATRA

overcomes the differentiation blockade and leads to an excellent prognosis.
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