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Table 1 Combination of Tumor Markers

Stomach cancer ST 439, CA724, CA199
CA199, CAT24 ST439, CEA
AFP, PIVKA-II, CAS0
G.B. & bile duct cancer Span-1, CA19-9, ST439
CA199, CAL25, CEA, Span-1
NSE, SCC, CEA, ST439
CA15-3, ST439, TPA, CEA
CA125, CAS0, CA724, SLX
PAP, PSA, BFP

Colorectal cancer

Hepatocellular cancer

Pancreas cancer
Lung cancer
Breast cancer
Ovarian cancer

Prostatic cancer
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PSAL AW 23 (coagulum) el vh 3 &4 o}
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Table 2. Paraneoplastic syndromes

Syndrome Etiologic Agents Assoicated Mahgnancies
Hyperalcema 1, 25 Dihydroxy vitamin D3, TGF-a Bronchogenic(oat cell, squamous cell), renal cell,
interleukin-1, PGEz, parathyroid endometrial, lymphoma, multiple myeloma,
hormone pancreas, ovary
Cushing’s ACTH or analogue, corticotropin- Bronchogenic oat cell, thymoma, thyroid
syndrome releasing hormone medullary, pancreatic, pancreatic 1slet
Hyponatrema ADH or analogue Bronchogenic oat cell

Hyperthyroidism TSH or analogue

Bronchogenic, prostage, breast

Hypoglycemia Insubin or analogue Retroperitoneal fibrosarcoma, hepatoma,
neurologic tumors ‘

Hyperglycemia Enteroglucagon Lung, stomach

Polycythemia Erythropoietin or analogue Renal cell, cerebellar hemangioma, hepatoma

Galactorrhea Prolactin Renal cell

Acromegaly Growth hormone, GH-releasing factor ~ Bronchogenic, stomach, lung(carcinoid)

Feminization Gonadotropic hormone Renal cell

Hypertension Renin Bronchogenic oat cell

Neuromyopathy Unknown Lung, ovary, stomach, breast, colon

Asymptomatic Thyrocalcitomn Lung, stomach
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Table 3 Cytochermcal Reactions 1n Normal Blood Cells and Blast cells of Acute Leukemia

Esterases
Peroxidase  a-Naphthyl «-Naphthyl Naphthol ASD Acaid
Sudan Black B Acetate Butyrate Chloroacetate PAS Phosphatase
Promyelocyte +/++ = - +/++ +/+ +/++
Neutrophil ++ ~/ =% - +/++ ++-+ +
Monocyte -/ % +++ ++/+++ -/ + ++
Lymphocyte - ~/%° -/ - —/+ —/++
Erythroblast — —/+" — - — + )/~
Megakaryocyte - +++ + - ++ +4+
ALL - —/+ - +/++ -/+
AML(M1) + - — + + _
AML(M2) ++ -/+ ~/+ ++ + +
APL(M3) +++ -/++ — +++ + /++ ++
AMML(M4) -/ % ++/+++ ++ ++ —/++ ++
AMoL(M5) - +++ +++ —/+ ++ +
EL(M6) - ++ + - + _
MegL(M7) - + -/% - ++ +
AUL - — — _ _
— = negative

+ = weak or few positive cells

+ = moderate

++ = moderately strong

++4+ = strongly positive(most cells)

ALL = acute lymphoblastic leukemia

AML(M1) = acute myeloblastic leukemia

AML(M2) = acute myeloblastic leukemia with maturation

APL(M3) = acute myeloblastic leukemia

AMMIL(M4) = acute myeloblastic leukemia

AMoL(M5) = acute myeloblastic leukemia

EL(M6)AML(MI1) = acute erythroleukemia

MegL.(M7) = acute megakaryocytic leukemia

AUL = acute undifferentiated leukemia

a Positivity 1s focal, not diffuse

b In erythroleukemia and 1in some erythroid maturation defects, positivity 1s strong

¢ Focal cytoplasmic positivity in a small proportion of ALL

d Coarse blocks are typical

in M1 through M5, the cytochemical reactions for the esterases apply to all of the mononuclear non-
erythroid, non-lymphoid cells

In Mb, the cytochemical reactions cited 1n the table apply to the erythroblasts, not the myeloblasts,

which are also present and which are hkely to be Sudan black B or peroxidase positive
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Table 4 French-American-British(FAB) Classification of the Acute Myeloid Leukemias

Approximate
Subtype Criteria Precentage of Cases
MO  Minimally Negative Px/SBB 2-3

differentiated Negative B and T lineage markers
Positive myeloid antigen by at least
one monoclonal antibody, CD 13 or CD 33
M1 Myeloblastic 2 30% of ANC are Type I and Il blasts 20
> 0% of NEC are blasts
> 3% of blasts are Px/SBB positive
M2 Myeloblastic with > 3% of ANC are Type I and [l blasts 30
maturation {Y90% of NEC are blasts
> 109, of NEC are promyelocytes or more mature granuloctyes
{ 20% of NEC are of monocytic hneage
Usually > 85% of blasts are positive for SBB/Px/CAE

M3 Promyelocytic, > 307 blasts and abnormal hypergranular promyeloctyes 12
hypergranular Auer rods and multiple Auer rods
Usually > 85% of leukemic cells are positive for SBB/Px/CAE
M3V Promyelocytic, > 30% blasts and abnormal microgranular promyelocytes 4
microgranular Rare hypergranular promyelocytes

Rare Auer rods and multiple Auer rods
Usually ) 85% of leukemic cells are positive for SBB/Px/CAE
M4 Myelomonocytic 2 0% of ANC are Type 1 and I blasts 12
Percentage of myeloblasts, promyelocytes, myelocytes, and
later granulocytes 1s > 30%
{80°; NEC are monoblasts, promonocytes, or monocytes
> 20% of blasts are positive for SBB/Px/CAE
> 20% of blasts are positive for aNAE, aNBE
M4E Myelomonocytic withSame as M4 plus abnormal eosinophilhia 4
eosinophilia Eosinophils with large abnormal basophilic granules
eosinophilic granules are often PAS positive, eosinophils are
often CAE positive
M5A Monocytic, poorly > 30% of ANC are blasts
differentiated > 80% of NEC are monoblasts, promonocytes, or monocytes
> 807, of monocytic cells are monoblasts
{20% leukemic cells are CAE positive
> 80% of leukemic cells are «aNAE, aNBE positive
M5B Monocytae, > 30% of ANC are blasts 12
differentiated > 807 of NEC are monoblasts, promonocytes, or monocytes
{80°% of monocytic cells are monoblasts

{20% leukemic cells are CAE positive
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> 80% of leukemic cells are aNAE, aNBE positive

M6 Erythroleukemia

= 50% ANC are erythroblasts 3
> 30% NEC are blasts

Many erythroid precursor cells are PAS positive

M7 Megakaryocytic

> 30% ANC are leukemic cells (1

Leukemic cells are platelet peroxidase positive on electron

mucroscopy or positive for glycoprotemns Ib or IIb/ lla as

demonstrated by immunocytochemical methods

ANC = all nucleated cells

NEC = non-erythroid cells

SBB = Sudan black B

Px = myeloperoxidase

CAE = ASD chloracetate esterase
aNAE = a-naphthyl acetate esterase
aNBE = a-naphthyl butyrate esterase
PAS = periodic acid-Schiff

o}

2 A4 g¥E(Pev)

HxrYoly Fredeld Hdo] A5 A
@+=3 B3 Polycytherma Vera Study Group
(PVSG)olA st PCVY ke 913 7|&(k
5ol wab Adshs o] wpeka i}

tio

Table 5. Criteria of the PVSG for the Diag-
nosis of PCV

1 Increased total erythrocyte volume(male, 2 >
36mL/kg . female, > 32mL /kg)

2 Normal arterial oxygen saturation( > 92%)

3 Either

following (a)

splenomegaly, or two of the
thrombocytosis( > 400x 102 /L)
.(b) leukocytosis{ > 12x102/L).(c) 1ncreased
neutrophil alkahne phsophatase,(d) increased
serum vitamin Bi( ) 900.g /L) or unsatu-
rated Bi-binding capacity( ) 2200 »g /L)

3 Mpyelofibrosis with Myeload Metaplasis
(MMM)

MMM (1) wsd, (2) 2x2A leu-
koerythroblastic reaction, (3) distorted and tea-

rdrop 29 A8-7, (4) F5EdF55e 58S

7}7 AZBSF  agnogenic myeloid metaplasia,

1diopathic myelofibrosis, myeloid meg-
akaryocytic hepatosplenomegaly, 12]3 mye-
losclerosis with myeloid metaplasia % 307} %] o]
Joz wws]e] 213 991} hematopoletic stem
cell disturbance, extramedullary hematopoiesis,
12] 31 intensive marrow fibrosis®] 3712 F#H
A3E 2 v she dddg BHsvlee et
I P 2l MMMO] ke fjolA] (el
AE 2UES U g2 CMPDe 7l
FEE 2] ko MMM g & 5 9tk

4 Essential thrombocythemia(ET)

ET+ 1diopathic or primary thrombocythemia
2 primary hemorrhagic thrombocythema % 2]
olglER AMEEI Jor Hadsrh Ha
600x10°/L ol4elofol s} dubxoz 1000
10°/L o] 3& #A8= Aoz, Jde gy
T e Fold AT dAkade) gl 9 E
of PVSGolA A& 7l="on e sk o

NFe) BERe e A8 AR oFojH

S 6, 2 1Y
C Myelodysplastic syndrome(MDS)

r-
o

MDS:i= 7] preleukemia, dysmyelolpoietic

syndrome £i= oligoblastic leukemia 52| o2&
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Table 6. Revised Criteria of the PVSG for the

Diagnosis of Thrombocythema

1. Platelet count exceeding 600X%10°/L

2. Hemoglobin 13g /dL or normal red cell mass
Stainable iron in marrow of failure or one
month of 1ron therapy to raise hemoglobin by
lg/dL

4. No philadelphia chromosome

5 Collagen fibrosis of marrow absent, or less
than one third of biopsy specimen without
both splenomegaly and leukoerythroblastic re-
action

6 No known cause for thrombocytosis present
(such as mahgnancy, chromc inflammatory

disease, or history of splenectomy)

Finding
Platelet Count » 600000/ x4

A, dRb3 e R WHA R wkso] gle WYe §

MDSel  E5#L&  dyserythropowesis, dys-
granulopolesis, 1231 dysmegakaryocytopolesis
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D =4ty WEH(ALL)

ALL®l Aehg 918 gzl B{e & 8% ¢
ol gofet 5 glom™ ™ of ¥iHi vl FPa
&} 71$| & scoring method( 3 9)7} Bennett %ol
olste] w95 9t

E 2relmby sHEH(CLL)

dERErgad WEegEr Aoz 30-20

Action

L->| Evidence for RT }—

»  Treat Underlying illness

—>{ Hematocrit > 40 ‘

Increased

Red Cell Mass

Ewvidence for l
Iron Deficiency

Hematocrit Increase

-+ E Evaluate for PV

with Iron Therapy
—>{ Phuladelphia Chromosome}

» Diagnose CML

Collagen Fibrosis of Marrow
Marked Splenomegaly
Leukoerythroblastic Reaction
Teardrop Paikilocytosis

p——————— 1 Evaluate for AMM

Ringed Sideroblasts

Primary Thrombocythemia

—-{Abnormal Marrow Karyotypej-——————————»# Evaluate for MDS

Fig 1. The flow diagram shows how essential thrombocythemia can exclude diseases which cause a chr-

onic elevation in the platelet count



— 248 — BB ARCE £10% F 3% 1991

Table 7 French-American-British(FAB) Classification of the Myelodysplastic Syndromes

Refractory anemia Refractory anemia Chrome
Refractory anemua (RA) with ringed with excess blasts myelomonocytic  RAEB “in
Blood and marrow (RA) sideroblasts (RAEB) leukerma(CMML)  transformation”

Blast cells

In blood, % of WBC (1% (1% (5% (5% > 5%

In marrow, % of WBC (5% { 5% 5—-20% 5—20% 20—30%
Blood morphology

Dyserythropoiesis + + + + +

Dysgranulocy topoiesis * =+ + + +

Dysmegakaryocytopoiesis — + + + +
Monocyte levels N N N >1x10°/liter N
Reiculocy tes 4 i ! ! i
RBC count ! i } i }
WBC count Nto | Nto | | i or ! {
Platelet count N to | N to i | d
Marrow morphology

Cellularity N to t t t 1

Dyserythropotesis + + + + +

Dysgranulocytopoiesis + + + + +

Dysmegakaryocytopoiesis =+ + + + =+
Ringed sideroblasts(as a % { 3% > 15% + + +

of total erythroblasts)
Terminate in ANLL 15% 15% 30% 40% 100%

Table 8 Features of the French-American-British Classification for ALL

L1 L2 L3
Cell features
Size Small uniform Large .nonumform Large.,uniform
Cytoplasm Scanty moderate basophilia Variable in amount and Moderately abundant

degree of basophiha deep basophilia,
prominent vacuoles
Nucleus Regular shape. Irregular shape. Regular shape.
inconspicuous nucleol promuinent nucleol prominent nucleoh
Age distribution,
Percent
Children 85 14 1
Adults 31 60 9
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Table 9 FAB Scoring system for L1 and L2

Variants
Criteria’ Score
High N/ C ratio = 75% of cell> +
Low N/C ratio = 25% of cells -
Nucleoli 0—1(small) > 75% of cells +

Nucleoh 1 or more(promnent) > 25% of cells

Irregular nuclear membrane = 25% of cells -

Large cells ) 50% of cells -

«Criteria that are not met (or intermediate
results) result 1n no score The possible total
score for a case ranges from —4 to +2 A score
of 0 to +2 results 1n a diagnosis of L1, and a
score of —1 to —4 mn a diagnosis of L2 N/C

ratio=nuclear / cytoplasmic ratio
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lu] 4 1= flow cytoemtry:ir

immunoperoxidase 4

goto] Gelah B Selaliz Moyt
3

3 unoalkaline phosphatase antialkaline phospha-

tage(APAAP) M v} 1313 n] 2% o] & 3t Mol
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Table 10 Panel of Discriminatory Diagnostic Immunophenotyping Markers

Antigen Molecular Reacitivity Comments Selection of MAbs™

(cluster)  weight

CDla< 4349 Lymphoid(T) T OKT6(0), NU-T2(N), NAI/34(D)

CD2 50 Lymphoid(T) T11(E-receptor) OKT-11(0), NU-TI(N)

CD3 20, 26 Lymphoid(T) T3(TCR-associated) OKT-3(0), Leu4(BD), UCHTI(S)

CD4 60 Lympho1d(T) T4(T -helper / inducer) OKT-4(0), Leu-3a(BD)

CD5 67 Lymphoid(T) T1 OKT-1(0), Leu-1(BD)

CD7 40 Lymphoid(T) Pan-T Leu9(BD)

CD3 32 Lymphoid(T) T8(T suppressor / cytotoxic) OKT-8(0), Leu-2a(BD)

CDI10 100 Lymphoid(pre-B) cALLA BA-(H), J5(C), NU-NI(N)

CDl11b 160 /95 Myelord(G, Mo) C3bi-receptor OKMI(O), Mol(C)

CD13 150 Myeloid(G, Mo) Pan-monomyeloid MY7(C), MCS-2(N)

CDl4 55 Myelord(Mo) - Mo2(C), MY4(C), UCHMI(S)
Leu-M3(BD)

CD15 50-180 Myelonid(G, Mo) X-hapten Leu-M1(BD)

CD19 95 Lymphoid(B) Pan-B B4(C), Leu-12(BD), HD37(D)

CD20 32, 37 Lympho1d(B) - B1(C), Leu-l6(BD)

CD22 130, 140 Lymphoid(B) - Tol5(D), Leu-14(BD)

CD33 67 Myeloid(progenitor) — MY9(C)

CD34 115 Myeloid+lymphoid — MYI10, BI-3C5, HPCA-1(BD)

(progemitor)

CDh4l 115, 130 Megakaryocytic gp b/ la, Pan-megakaryocytic  J15(D)

CD42 150 Megakaryocytic gp [b, Pan-megakaryocytic ANGI(D)

Smlg Lymphoid{(B) Immunoglobulin(M /«/1) Anti-human IgM/«/A(SBA)

HLA-DR 28-33 Myeloid /lymphoid MHC class 1l OKIa(0), HLA-DR(BD)

TdT Lymphoid+progenitor Nuclear enzyme TdT(BRL, S)

LICR-LON-R10 Erythroid Glycophorin A, -R10, -R18, VIE-G4

Pan-erythroid

CD, Cluster of differentiation. Smlg, surface immunoglobulin. TdT, terminal deoxynucleotidyl trans-

ferase, T, Tcells

« Commercial sources where available

if ).

BRL, Bethesda Research(Gaithersburg, MD )

B, Bcells, G, granulcytes. Mo, monocytes. MHC, major histocompatibility complex
BD, Becton-Dickinson Monoclonal Center(Mountain View, Cal-
C, Coulter Immunology(Hialeah, Fla). D, Dak-

opatts(Glostrup, Denmark). H, Hybritech(San Diego, Calif ). O, Ortho Diagnostic Systems(Raritan,

NJ)

mingham, Ala )

N, Nichirei{Tokyo, Japan). S, Sera-Lab(Sussex, UK). SBA, Southern Biotechnology Ass (Bir-
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//////////
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! activated

Fig 2 Immunoprofiles during T-cell differentiation The patterns of antigen distribution are shown as

different stages of T-cell maturation All antigens except for TdT(nuclear enzyme) and cytoplas-

mic CD3(open bar) are deteted on the cell surface CD3 1s first seen 1n the cytoplasm (CyCD3)

and subsequently on the cell surface

Bone Marrow

CD34
TdT
HLA-DR Z
CDI19
CDILO
CDh22
Ig
CD20
CD21
FMC 7
CD5
CD38
PCAl

Peripheral Blood
Lymphmd Tissue
Lymphoid ! ‘Commut ted Pre-Pre Pre Bcell Becell | B-cell
Stem Cell Progemtor B Cell |

NN,

resting | lactivated

Peripheral Blood
Bone Marrow

Plasma Cell

Fig 3 Immunoprofiles during B-cell differentiation The immunophenotypes of different stages of B-cell

maturation are schematically represented All determinants except for TdT and cytoplasmic ex-

pression of CD22 and Ig are surface markers Ig and CD22(open bars) can first be detected 1n
the cytoplasm(Cylg, CyCD22) Markers not histed in Table 1 CD21(140 KD antigen on B-cells,

C3d receptor, prototype MAb B2). CD38(45 KD antigen, not hneage restircted, activation mar-
ker, prototype MAb OKT-10) FMC 7(105 KD antigen on mature B-cells). PCA 1(24 KD anti-

gen on plasma cells)
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Fig 4 Immunoprofiles during monomyeloid, erythroid and megakaryocytic cell differentiation The dis-

tribution of cell surface antigens 1s shown on normal bone-marrow haematopoietic precursor cells

and their progeny at identifiable maturational steps CFU-GEMM, multipotent stem cells,
CFU-GM, BFU-E/CFU-E, CFU-Mega, stem cells committed to the monomyeloid, erythroid or

megakaryocytic pathways of differentiation, respectively
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Fig 5. Basic immunomarker panel for the distinction of ALL versus AML and T-hneage versus B-ln-
eage ALL. The respective combinations of surface membrane(Sm) and intracytoplasmic(Cy)
marker expression are specific for monomyeloid(M), T-lineage(T) or B-lineage(B) acute leu-

kaemia Pox, cytochemically 1dentified myeloperoxidase.

Eo)xol 987 7|FEHxl qEsstes 4 aEar o™ dgdile] cD3% CD29) ®
myeloperoxidase& #2135} Holv} 3o BolHel oot

Te BAxgel CD72 CDI19s= TQ]- BAl% ALLS duwtd oz T, B, pre-B ¥ early pre-B
ALLol # wiAlol A Jepd = oz o A9l cell(common) ALLZE ¥§3|7 519 o] ¥R/E 9
Ad4d FAAS) CyCD3s¢t CyCD22% *}%?SH: sA) ol 85]: HAR LTI AR & 110 FA
ol wlgkA) sk} 5ol e

CD7S AMLSE] ofF 10%o0 A vhefhe: Aeg ¥

Table 11 Immunophenotypic Classification of ALL

Immunophenotype
Subsets of Approximate Percentage
ALL Tdt DR CD2 CD5 CD10CDI19CD20 CD24 Slg Clg of Population

T cell + - + + - - - - - - 10-20
Early Pre-

B -+ + - - + + - + - - 60—70
Pre-B + + - - + + + + - + 1520
B cell = + - - - + + + + - 1-3

Tdt = terminal deoxynucleotidly transferase

DR = HLA-DR histocompatibility antigen

CD = cluster designation CD2 and CD5, pan-T cell CDI10, common ALL. CDI19, CDZ20, pan-B cell
Slg = surface immunoglobulin

Clg = cytoplasmic immunoglobulin

Early pre-B cell ALL>} pre-B cell ALLS: H]<2 AMLe9] We&g* fia 4o o3 ol i F
3l ArEEet AU dehie JEd] dF vt ol 1Al aE A %Al e &h4pef ulbEbA]
F1} B cell ALLS FAB¥ 7 °l L3k 458kt o ooty RFE sk e 6" FABERoI
£ ALLE FAB®{H¢} 133l abababAly vehd o1g M69} M79] 7S 213 panerythrod 34

°}“L} 1t el zpIqof] ubebAi= T AEI B z}el  glycophorin  A(Gly A)$} pan-meg-

A% ALLS Al M R-asle] HEgelar Ao akaryocytic 3f 2] 4}2) CD41/CD42%5 ol &8 1 9]
12, 3£ 13)™ U @A del ol&sln iz FAB £79 wolx
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Table 12 Classification of T-ALL

Antigens
Group Leu9” Leu-1 T11/Leu-5 T3/Leu4 T4/Leu-3 T8/Leu? T6
I + +(90)% +(75)% - -~ - -
1l + + + +(25)% +(90)% +(90)% +
o + + + + +/ =7 4/ -

+ Found on virtually all T-ALL cells
»» No longer simultaneous expression of T4/Leu-3 and T8/ Leu-2 as found in guoup Il

Aul F7bA] ool HEAF EAANE RHEH

Table 13 Classification of Non—T —All
= 3= progemitor M EHE] AAUE olAd TR

___én_tlgli__ Surface Membrance A 6] 91ax waEi o]

Group la B4 (ALLA Bl Cytoplssmicy Immunoglobulin o]} &t 214 hneage fidelityo] tZAS) hn-
I + - - - B B eage infidehity= a)Ad 4= 9o} 31/] o] wa W
b+ - - B & 13-30% ARele dow wusgoy’
e+ ++ - - - ol e Aol stol giglv] Wy ol Fef 2 Al
AT A S B A Ao o ate] o xicu. w5 glo
[ A S - W, welstal i 2|3 Aol 18 A3 v)Eoe A
M+ ++/-+ - + etele wel v 12- s o

eht A"
4o ojgt EFAteleli= FAB 5% MI1+2,

M3, M4+5, Mb 2 M7ol A4 4ids] si3ixlo] v zn =

vhar 9lvt
D Mixed lineage leukemia HolS olgsle] o} g Hersli=t ojrfi= A
Hybrid 5i= biphenotypic leukemiaiz & d] 9] Aol HERS e} 42 9lis e Balolo o /o] &)

Group CDI13 [HLA-DR| CD33 | cDlb | ¢Dp15 | ¢D14

.
\\\

i

Fig 6 Immunoprofiles of monomyeloid acute leukemias Group 1 myeloid precursor. group I mye-
loblast. group I promyelocyte. group IV promoncyte /monocyte CD14 discriminates myeloid

and monocytoid variants
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