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HEMATOPATHOLOGY

Review Article

Immunophenotypic Analysis
of Acute Leukemia

S. THOMAS TRAWEEK. MD

Since the introduction of monoclonal antibodies for the
study of hematopoietic disease in the early 1980s. tech-
niques to aid in the identification of cell lineage have
proliferated. Immunofluorescent flow-cytonietric stud-
ies are particularly helpful in tlie characterization of
acute leukemia, and when used in conjunction with
light-microscopic findings, can make a significant con-
tribution to tlie final diagnosis in 20-30% of cases.” The
introduction of immunophenotypic studies in tlie char-
acterization of acute leukemia is not without cost. how-
ever. because tlie degree of heterogencity in these dis-
eases has dramatically increased. In particular. tlie
existence of multilineage antigen expression in acute leu-
kemia is now well-accepted, and when present, may con-
siderably frustrate the classification process. Despite this
marked heterogeneity. accurate diagnosis of acute leuke-
mia is extremely important. because therapy and prog-
nosis depend primarily on proper characterization, The
most widely accepted and applied acutcleukemia classifi-
cation scheme, developed by the French-American-Bri-
tish (FAB) Cooperative Group in 1976. initially used
only morphologic and cytochemical findings.? Since
then, the diagnostic criteria has been revised and ex-
pandcd to include immunophenotypic and ultrastruc-
tural studies for certain acute leukemias.’* Tlie in-
creased use of immunophenotypic analyses in acute
leukemia also precipitated a need for classification of

.
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mixed lineage leukemia. and several proposals have been
made.® but none have been universally accepted.

In anattempt to further define the range of hematopoi-
etic cell antigen reactivity in acute leukeniia. this study
was undertaken to establish immunophenotypic profiles
on samples referred to The City of Hope National Medi-
cal Ccnter. Thesc cases were specifically submitted for
characterization and diagnosis of acute leukemia, and
were all studied in a relatively uniform manner in one
department. The findings on this referral-based popula-
tion will be compared with a number of previous im-
munophenotypic studies of acute leukemia.

METHODS AND MATERIALS

Study group. Tlic findings on periplieral blood or bone
marrow samples submitted to tlie James Irvine Center
for the Study of Leukemia and Lymphoma at Tlie City
of Hope National Medical Ccnter between December |,
1987 and August I. 1992 were reviewed. The accrual
start date was determined by the initiation of flow-cyto-
metric studies in the analysis of acute leukemia at this
institution. The patient population was primarily adult.

Inclusion criteria for the study were:

I. That an unequivocal diagnosis of acute lcukemia was
made. based on examination of a peripheral blood or
bone marrow specimen. In most cases. tlie acute leu-
kcmia was assigned an FAB category. based on the
Wright-Giemsa-stained morphologic appearance of
the blasts and on tlie results of cytochemical stains for
sudan black-B. niyeloperoxidase, nonspecific esterase
(either a-naphthyl acetate esterase performed with
and without fluoride inhibition or butyrate esterase).
acid phosphatase. and periodic acid-Schiff. which
were performed according to standard methods. An
accurate FAB designation could not be reliably de-
duced in a few cascs, however, due to either poor
technical quality of the submitted slides. lack ofa suf-
ficient sample for a full cytochemical pancl, or avail-
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TABLE 1. MONOCLONAL ANTIBODIES

Cluster Designation Linegge Association Name/Source

cD2 T-lymphoid Leu 5/BD
CD3 T-lymphoid Leu 4/BD
CD4 T helper/inducer Leu-3/BD
CcDS T-lymphoid Leu- I/BD
CD8 T suppressor Leu-2/BD
CD7 T-lymphoid Leu-9/BD
CDI0 B-lyniphoid J5/Coulier
CDI13 Myeldid/monocytic My7/Caulter
CDi4 Monocytic My4/Coulter
CD13 Mycloid/monocytic Leu-M1/BD
CD19 B-lymphoid B4/Coulter
CD20 B-lymphoid Bl /Coulter
CD33 Myeloid/monocytic My9/Coulter
Ch34 Stem ccll HPCA-i/BD
CD45 Leukocyte common antigen  Leukocyte/BD
— HLA-DR 12/Coulter

BD = Becton Dickinson. San Josc. CA: Coulter. Hialeah, FL

ability only of cytocentrifuge preparations for mor-
phologic evaluation.

2. That immunophenotypic studies were performed us-
ing flow cytometry on either peripheral blood or bone
marrow containingat least 30%blast cells. If the phe-
notypic results of bone marrow were not characteris-
tic of the disease as classified by FAB, ut least 30%
blasts were also required in the peripheral blood to
climinate the possibility of spurious phenotype re-
sults secondary to hemodilution.

3. That enough viable blast cclls were rccon ered to per-
form an immunophenotypic pancl that included at
least two Jincage-associated antigens each from the
B-lymphoid. T-lymphoid, and myeloid cell lines.

Cell preparation arid immunophenotypic analysis.
After mononuclear cell enrichment by centrifugation
over Ficoll-Paque (Pharmacia, Piscataway, NJ), the pe-
ripheral blood and bone marrow samples were studied
for surface antigen expression with direct and indirect
immunofluorescent techniques using a variety of com-
mercially available monoclonal antibodies. (Table 1) In
most cascs. greater than 50%blast cellswere present after
mononuclear-cell enrichment, as determined by a
Wright-Giemsa-stained cytocentrifuge preparation. The
antibody panel used to evaluate specimens submitted for
acute leukemia characterization varied only slightly over
the 4.5-year study period. Specifically, CD45 and CD34
antibodies were added, whereas CD3 and CD5 were
dropped during this time. In addition, a limited number
of cells in some cases resulted in incomplete antibody
panels. Analysis of the stained cells was performed ini-
tially with an Epics 5 flow cytometer (Coulter, Hialeah,
FL), and later with a FACScan (Becton Dickinson,
Mountain View, CA). Only cells within a mononuclear

ccll gate, individually created for cach acute fcukemia,
were considered in the final tally. Matched concentra-
tions of immunoglobulin isotype controls were run con-
currently with all cascs. Terminal deoxynucleotidyl
transferase (Tdt) dctcrniinations werc not consistently
done, and are reported here only for sclected cascs.

Criteria for antigen expression. Positivity for an indi-
vidual antigen was defined as more than 20% fluorescent
cells above the isotype control for all antibodies except
CD34. CD34 was considered to be positive if there were
10%of fluorescent cells above the isotope control. Multi-
lineage antigen expression was considered to be present
if: (1) the sum of the most reliable lineage marker for the
type of acute leukemia and the inappropriately ex-
presscd antigen was greater than 120%, or (2) coexpres-
sion of multilineage antigens was demonstrated in more
than 20% of the gated cell population by dual-color im-
munofluorescence.

Classification of acute lenkenmia. The final classifica-
tion of each acute leukemia was based on an integrated
assessment of the morphologic, cytochemical. and im-
munophenotypic data. The phenotypic findings were
chiefly confirmatory in the classification of AML-M1
through AML-M6, as the diagnosis was based primarily
on morphologic and cytochemical findings. Immuno-
phenotyping was instrumental however. in the final
diagnosis and classification of acute lymphoblastic fcu-
kemia, minimally differentiated acute myclogecnous jcu-
kemia (AML-MO), acute undifferentiated leukemia. and
mixed lineage leukemia, because morphologic and cyto-
chemical studies provide little information about the lin-
eage of these diseases. After classification, immunophe-
notypic profiles were gencrated for each subtype of acute
leukemia.

RESULTS

Acute Myelogenous Leukenria

Two hundred seven cases of AML were studied; the
results are given in Table 2. Almost all cascs (99%)ex-
pressed CD45. The HLA-DR antigecn was present in the
majority of AML, cxcluding AML-M3. CD33 was the
myeloid lineage antigen most commonly present, fol-
lowed in frequency by CD 13and CD 15. The monocyte-
associated antigen CD 14 was detected in about one half
of the AMLs with a monocytic component (as detected
by nonspecific esterase activity), but was also occasion-
ally present in subgroups of AML with no monocytic
features. CD7 expression was primarily sccn in AML-
MO; AML-M1; and AML-M3a, the least maturec AML:
but also was detected sporadically in other types of

Vol. 99. No.4
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TABLE 2. ACUTE MYELOGENOUS LEUKEMIA PHENOTYPES.

Phenotype

Leukemia Type
(No. of Paticnts)t CD45 CD2 CD3 (D5 CD7  CDI9

CcDh

20 CD13 CDi4 cDIS Ccn33 CDI0 HLA-Dr CD34

AML-M | 18/19 0740  0/18 0/15  9/37  1/40
(n =40) (95%) (241)  (3%)

AM L-M2 22122 (/68 0/49  0/43 7/62 4167
(n =69) (100%) (11%)  (68)

AML-M3 /b 6/19  0/8 0/10 0/19 0719
(n = 19) (100%) (31%)

AML-M4 14/14 0739 0/25 0725 3/38  0/39
(n =39) (100%) (8%)

AML-MS 5/5 0/18  0/13  0/13 8/18 0/17
(n = 18) (44%)

AML-M6 1/1 0/3 0/2 0/2 1/3 0/3
(n =3)

AML-M7 1/1 0/2 o/t 0/1 1/2 0/2
(n=2) '

AI\?L-MO 3/3 /8 0/7 0/5 3/7 0/9

n=29)

AML-NOS 3/3 0/8 0/3 0/2 0/4 0/7
(n =8)

AML 78/79  6/205 0/126 0/116 32/190 57203

Total (99%) (3% (17%) (2%)

0/39 29/38 0/27 14726 3340 1/38  23/27 22/36

(76%) (54'7)  (B3%)  (3%)  (85%) (61%)

1/68 44/66 4/67  18/36 54,69 1/61 51/67 34753
(%) (67%) 6%) (50%) (78%) (25) (81%) (64%)
0719 16/18 1/19 5/12 16/19  0/19 1/18 10/16

(89%)  (5%)  (42%) (84%) (6%)  (63%)

0/38 16/35 17/38  15/20 36/39  2/39 33/38 19/26

(46%) (45%) (75%) (92%) (5%) (87%)  (73%)

/18 12/17 8/18 5/8 15/18  1/18 15/18 §/13

0/3
0/2
0/9
0/8

(71%) (44%) (63%) (835) (6%) (R3%)  (62%)
t1

23 073 03" 0/3 23 3/3
2 02 0N 172 02 0/1 12
7/9 179 2/6 59 0/9 9/9 9/9
6/7  0/8 3/6 78 0/6 77 /7

17204 133/195 35/191 637116 167/207 5/198 1437169 1117165

(<1%) (68%) (18%) (54%) (80%) (3%) (BS%W  (67%)

NOS = not otherwise specified: AML: acute myelogenous Icukcmia.

*® Resultsarc crpresscd Tor cach antigen as number of posiive cases/number of cases stud-
ied.
t Total AML studied = 207. Threc cascs. all M2. failed to express myeloid lincagc antigens:

AML. Other than CD7, singlelymphoid-associated anti-
gen positivity was present in 3%or less of the AMLs, and
was restricted to CD2, CDIO, CD19, and CD20. The
proportion of CD34-positive cases was 67% for all AML,
and there was no significant difference in expression of
this antigen between the AML subtypes.

AML-M]1. All 40 cases of AML-M1 had detectable
myeloperoxidase activity (as required by FAB criteria),
and all expressed at least one myeloid lineage antigen.
This subtype conipriscd 19% of AMLs and 10% of all
acute leukemias. The single AML in this study that was
not positive for CD45 was from the AML-M1 subgroup.
One case was positive for the B-cell antigen CD 19, and
also contained a t(8:21) chromosomal translocation.
One case expressed CD 10, with no other lymphoid anti-
gens.

AML-M2. Sixty-nine cases. representing 33% of
AMLs and 1870 of acute leukemias were studicd. This
subgroup had the highest rate of aberrant B-cell antigen
expression among the AMLs; either CD 19 or CD20 was
expressed in 5 cases (7% of AML-M2). In no case was
there more than one lymphoid antigen expressed. Cyto-
genetic studies were performed on three of the four
CD 19-positiveAML-M2; all contained at(8;2 1)chromo-
somal translocation. Significantly, three cases of clear-
cut AML-M2 by morphologic and cytochemical evalua-
tion were devoid of the myeloid antigens CDI 3, CD14,
or CD33. CD 15, howevcr, was not examined on these

this cquals 3/69 (4% of M2 or 3/207 (1.5%) of all AML studied
t CD? present anly in M3,
§ Excludes M3 from to1al.

cases. One of these phenotypically null AML-M? even
contained a t(8;21) translocation, as demonstrated by
cytogenetic examination.

AML-M3. Nineteen cases of acute promyelocytic leu-
kemia were studied, representing 9% of AMLs and about
5% of all acute leukemias. The T-ccll antigen CD2 was
expressed in nearly one third of the cases. and AML-M3
was the only subtype of AML to be positive for this anti-
gen. The results of cytogenctic studies were available in
nine cases; all displayed the pathognomonic 1( 15:17). in-
cluding all six CD2-positive cases of AML-M3. No cascs
were CD7- or CD 10-positive. but one sample expressed
CD14 with no evidence of nonspecific esterase activity.
In marked contrast to the othcr types of AML. only one
case of AML-M3 was positive for HLA-DR. The degree
of positivity for this antigen was not great. however. only
26%, and contributions from nonblasts cannot be ¢n-
tirely excluded. The stern cell antigen CD34 was de-
tected in 10 of 16 cases (63%).a level of positivity similar
to the other AML subtypcs.

AML-M4 and AML-M5. The 39 cases of acute myelo-
monocytic leukemia (19% of AMLs and 10% of acute
leukemias) and 18 cases of acute monocytic leuhcmia
(9% of AMLs and 5% of acute leukemias) were similar
immunophenotypically. Almost one half of the cascs
from each subtype cxprcsscd CD 14, a much higher per-
centage than was dctected in any other group of AMLSs.
The proportion of cases that were positive for CD7 was

ALCP.» April 1993
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TABLE 3. ACUTE LYMPHOBLASTIC LEUKEMIA PHENOTYPES

Phenotype
Pre-Beell  CD45  CD2  CD3  CD5  CD7  CDI9  CP20  CPI3 CDI4 CPIS  CDP33 CPI0 HLADr (DM
ALL-L1* 6/9  0/26 0716 013 0/23  27/27 327 4240 23 M3 528 M1y 26260 21424
(n =27) (100%)  (19%)  (17%) (237%) (Q0%)  (00%)  (100%) (88T
ALL-L2* 27/32 17108 0/69  1/58 092 102/102 377101 11786 0795 6/48 11799 95102 WH/IOL  60/75
(n=102)  (R4%) (1%) (2%) (100%)  (37%)  (13%) (13%) (%) 93%)  (100%)  (RO%)
ALL-NOS* 11 o/1r  O/t0 0/7  0p 11/11 o/1v o/t 2/ (VAN 9711 (/11 §/9
(n=11) )
Total 34742 /1380 0/95 /78 07124 140/140  46/139 15121 07129 V1766 17/135 1317140 138/138  89/108
(B1%) (<1%) (1%) (100%)  (33%)  (12%) (17%)  (13%)  (93%)  (100%)  (82%)
ALL-L3t /1 0/6 0/6 176 0/6 6/6 0/5  0/5 0/3  0/5 1/6 6/6 0/4
(n=6) (17%) (100%)  (100%) (675%)  (100%)

ALL-Teellf 33 711 310 810 911 0/11
(n=11) (64%)  (30%)  (80%) (82%)

0/9 0/9 1/4 1710 /11 079 2/7

ALL = acuic lymphobiastic lcuhemia; NOS = not otherwise specified.

* Towad precursor-B coll ALL swudied = 140, Results are eapressed for cach antigen as
number of pasitive cases/number of cases studied, One myclowd antipen was detected in 19
samples (145 and two myclond antigens were detecied in 12 samples (9%,

t Al sin cases of ALL-L Y expreised monocolonal surface immunoglobuling and were Tdi-
negalive,

especially high in AML-M3, but positivity was also evi-
dent to a lesser degree in AML-M4. Both types of AML
had tlie highest percentage of CD 10-positive cases, but
no other B-cell markers were detected.

AML-M6 and AML-M7. Only a few cases of erythro-
leukemia and megakaryocytic leukemia were studied —
too few for mecaningful immunophenotypic analysis.
The cases studied, however, showed no obvious devia-
tion phenotypically from other types of AML.

AML-MO. Nine cases of minimally differcntiated
AML were studied. representing 4% of AMLs and 2% of
all acute leukemias. By definition. these acute leukemias
were niyeloperoxidase- and sudan black-B-negative, but
expressed at least one myeloid associated antigen. CD7
was positive in nearly one half of the cases examined for
this antigen. CD 14was detected in one case. but nonspe-
cific esterase activity was lacking. All nine cases were
positive for HLA-DR and CD34.

Acute lymphoblastic leukemia. One hundred fifty-se-
ven cases of ALL were studied: the results are given in
Table 3. Because immunophenotype defines important
prognostic and therapeutic subgroups in this tyvpe of
acutelcukemia, tlie ALLS were divided into thrcc groups
on tlie basis of lineage, as determined by surface antigen
expression.

Precursor-B-cell ALL. One hundred forty precursor-
B-cell ALL were studied. Included were 27 ALL-LI
(17% of ALLs and 7% of all acutc leukemias), 102 ALL-
L2 (65% of ALLs and 27% of all acute leukemias). and
11 cases (7% of ALLs and 3% of all acute leukemias) in
which a morphologic subtype could not bc assigned. By
definition, all 140 cases were positive for CD 19. In addi-
tion, all expressed HLA-DR. CD20-positivity was de-

1 A myclod antigen was presentin 2711 T-cell ALL. CD3and CDR were tested in 6 cases. S
were negative for both antigens and 1t case was positive for both. HLA-DR was notdetected in
any of the 9 T-cell ALL studied.

tected in one third of the cascs. and was morc prevalent
in the ALL-L2 than in the ALL-L1 subtype. Only 6% of
the cases failed to express CD10. and the majority, 82%.
were positive for CD34. Precursor-B-cell ALL was the
acute leukemia type most prone to mixed-lineage anti-
gen expression. A single myeloid antigen was present in
14% of these ALLs, whereas two myeloid antigens were
evident in 9%. Myeloid antigen positivity was more fre-
quentin ALL-LI thanin ALL-LI. Precursor-B-cell ALL
was the most likely acute leukemia in this study to be
CD435-negative, with 19% of cases failing to express the
coninion leukocyte antigen. A single T-cell antigen was
detected in two cases. One ofthe ALL-L2s had monoclo-
nal surface immunoglobulin light and heavy chains. and
was also Tdt- and CD34-positive.

B-cell ALL. All six cases of B-cell ALL expressed a
mature B-cell phenotype (CDI.9- and CD20-positive,
CD34- and Tdt-negative) with monoclonal surface im-
munoglobulin light and heavy chains. Four of the six
cases were positive for CD10. and one case expressed the
pan-T-cell antigen CD3. Four of the six cases displayed
typical FAB-L3 morphology. Despite a mature B-cell
phenotype. however, two displaved non-L3 blast mor-
phology.

T-cell ALL. Eleven cases of ALL with a T-cell pheno-
type were studicd (7% of ALLs). CD5 and CD7 were the
T-cell antigens niost commonly expressed. An atypical
T-cell phenotype, with aberrant expression of at lcast
one pan-T-cell antigen. was detected in all but one case.
CD3and CD8 cxprcssion were analyzed in six cases; five
were negative for both antigens and one was positive for
both. CDIO was detected in four cases, but none of the
nine T-cell ALLs studied for HLA-DR expression were

Vol. 99+ No. 4




508 HEMATOPATHOLOGY

Review Article

positive. A singlc mycloid antigen was present in two
cascs.

Acute undifferentiated leakemia. Four cases (1%) of
the 382 acute leukcniia studied offered no cvidence of
lineage commitment, citlicr cytochcmically or imm uno-
phenotypically. No lymphoid or myeloid-associated an-
tigens were dctccted. Myeloperoxidase was not dctccted
in any of the cascs. Terminal deoxynucleotide transfer-
asc was positive in two of tlie three cases tested. HLA-
DR was cxpressed by three cascs of the acutc undifferen-
tiated leukemia, but CD34 was present in only one case.

Unclassifiable acute leukemia. Fourteen cases (4%) of
acute lcukcmia were difficult to classify. primarily duc to
tlie prcscnce of a confusing array of multilincage-asso-
ciated antigens and no distinguishing morphologic or cy-
tochemical features. Included in thcsc were 12 cases of
myeloperoxidase-negative acute lcukemia with myeloid
antigens (AML-MO)and coexprcssion of one or maore B-
or T-lymphoid antigens.

DISCUSSION

Immunophenotypic studies have an established place
in the diagnosis and classification of acute leukemia.'
The availability of murine monocional antibodies that
are reactive with lymphoid- and myeloid-associated sur-
face cpitopes, coupled with relatively user-friendly and
inexpensive flow cytometers, has made tlie use of im-
munophenotypic analyses in acutc leukemia casily acces-
sible to many laboratories. Numerous reports on the phe-
notypic characteristics of acute leukemia have been
generated. Most ofthe studies have expanded our under-
standing of these diseases, and have facilitated the recog-
nition of certain types of acute leukemia, such as mini-
mally differentiated AML and B- and T-cell ALL.
Applying extensive panels of antibodies to large num-
bers of acute leukemias. however. also has dramatically
increased the heterogeneity of acute leukemia. At times
this has created confusion and uncertainty about the sig-
nificance oftlic relationship between phcnotypcand bio-
logic behavior, and has complicated classification in a
small proportion of cases.® Thisstudy gencratcs immuno-
phenotypic profiles that may help to bctter define the
range of antibody recactivity for many tvpes of acute leu-
kemia. The data were collected from samplcs rcferred for
characterization and diagnosis of acute Icukcmia. Tlic
relatively uniform diagnostic approach and consistent
antibody panel applied to the acute leukcniias created a
unique opportunity for an analysis of this sort.

Acute Myelogenous Leukemia

In this study, as in previous studies,’'? AML was a
moderately heterogeneous group of diseases. The im-
munophenotypic signature of these acute leukemias is
cxpression of one or more myeloid antigens, which was

ALCP

scen in the nearly all cases. A lack of myeloid antigen
positivity docs not absolutely exclude AML. however.
hccausc threc cascs failed to mark as myeloid despite the
prcscnce of niycloperoxidasc activity and morphologic
fcaturcs that were consistent with AML-M2. Alithough
unusual, niycloid antigcn negativity in hona fide AML
has been reported previously.®'*3 |In general. little
niixcd-lincagc antigen cxpression by a singlc lvmphoid-
associated antigen was sccn in this series of AML. When
present, these small expressions of lincage promiscuity
should not be construed as sufficient evidence to warrant
a diagnosis of mixed-lincage leukemia.™

Initially thought to be a T-cell antigen. CD7 is now
known to be present in AML.'* CD7 expression appears
to bc associated with blast ccll immaturity,'® because tlie
percentage of positive cascs was greatest in AML-MO.
AML-MI, and AML-MS5a. CD2 was the only othcr T-
ccll antigen dctccted. B-cell antigen expression was al-
most cxclusively CD19, and was predominantly sccn in
AML-M2. This association has recently been reported
by Kita and colleagues. and also has bcen linked with a
specific cytogenetic abnormality. the 1(8:21) transloca-
tion."" Thistranslocation was dcmonstratcd in all four of
the CD 19-positive cases of AML that we studied karyo-
typically. CD19 has been associated previously with
AML-MS5,"7 but none were detected in this series.

Alniost one half of the cascs of AML-M4 and AML-
A cxpresscd CD 14, This antigen is not restricted to
acute lcukcmia with monocytic differentiation. how-
ever. but was also present in 6% of AML-M2 and one
case of AML-M3. Upto 25% of M ! and M2 AMLSs have
been previously reported to express this antigen.”*,** but
CD14 positivity in AML-M3 is apparently rare.

Acute promyvelocytic leukemia (AML-M3) is an un-
usual and distinctive disease clinically. morphologically.
immunophenotypicallv. and even genotypically.”® As
previously reported, the majority of cases of AML ex-
press HLA-DR.2*!! The clear exception to this rule is
AML-M3, in which only rare cases are reported to bc
positive.>'? In this study. all CD2-positive AML were
AML-M3 types. which was confirmed by cyviogenctic
findings. Positivity for this T-ccll marker has becn well-
docunicnted in AML-M3, and the prescnce of this anti-
gen has cven becn associated with specific breakpoints
within the 1(15:17) translocation.® Other studies clearly
indicate that exprcssion of this antigen niay occur in
other subtypes of AML.?' For this group of acutc leuke-
mia, however, a CD2-positive/HLA-DR-negative my-
eloid phenotype was spccific for AML-M3.

Acute Lymphocytic Leukemia

The separation of ALL into B- and T-cell typcs is clini-
cally important, with both therapeutic and prognostic
implications.?>** The cases of ALL in this study were
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thercfore divided into thrcc subtypes, which were based
primarily on immunophenotypic findings. The Precur-
sor-B-cell ALL all expressed CD 19, by definition. In ad-
dition, all were HLA-DR-positive. Otherwise, these
acute leukemias were the most hcterogencous leukemias
in this study. The majority of cases expressed CD10,
which isa marker of longstanding and wcll-known prog-
nostic value.?* On the other hand. CD 10-negativity has
been associated with a poor'prognosis.*® As has been pre-
viously reported, CD20 was more common on ALL-L2
than on ALL-L.1.%® In marked contrast to AML, a signifi-
cant minority of precursor-B-cell ALLs failed to express
the common leukocyte antigen CD45, a finding of possi-
ble prognostic significance.?” Myeloid antigens were
commonly present, however, and were seen either singly
or in pairs in 23% of cases. As in AML, the presence of
these aberrantly expressed antigens should not preclude
an otherwise straightforward diagnosis of precursor-B-
cell ALL. The expression of T-cell antigens is infre-
quently detected in this type of leukemia.?*2¢

B-cell ALL is a rare disease, and is the least common
subtype of ALL. Classic FAB-L3 morphologic features
are associated only with a B-cell phenotype. Morpho-
logic features that are characteristic of non-L3 blasts how-
ever, also can be seen in this subtype of acute leukemia.?®
Two casesin this study expressed typical B-cell ALL phe-
notypes, but did not display an ALL-L3 appearance. Cy-
togenetic study was performed on one of these cases, and
revealed a 1(8;22) chromosomal abnormality. Immuno-
phenotypic studies are few,”-* but most cases previ-
ously reported and all of the cases of B-cell ALL in this
stydy expressed monoclonal surface immunoglobulins
and were Tdt- and CD34-negative. One case expressed
CDS. an unusual finding, but none were positive for
other T-cell or myeloid markers. CDIO was detected in
the majority of cases, which is typical.?®

The phenotypic heterogeneity of T-cell neoplasms is
well- documented, and covers the range of phenotypes
expressed during thymic differentiation.?'-** Most cases
will express more than one T- lineage marker. Aberrant
deletion of one or more pan-T-cell antigens is comnion
in this disease, however, and may be a helpful diagnostic
finding.* All but one of the 11 cases of T-cell ALL
showed deletion of one or more of the 4 pan-T-cell anti-
gens used. CD7 was the pan-T- cell antigen most often
expressed by the T-cell ALL in this series and in others.*
CD7 isalso the antigen that is most commonly deleted in
these acute leukemias.>* No CD7-positivity was detected
in any pre-B- or B-cell ALL, which is typical.’ The
HLA-DR antigen often is not expressed in T-cell ALL,3?
which is another phenotypic feature that distinguishes
this acute leukemia from pre-B-cell ALL and B-cell
ALL. None of the cases of T-cell ALL in this study were

HLA-DR-positive. CDI0 has been reported in 20-30%
of T-cell ALLs,* a frcquency approximately similar to
that sccn in this series. Myeloid antigen expression also
has been reported,” aswas seen in one casc in this study.
Expression of myeloid antigens may bc a potential
source of confusion considering the occasional presence
of CD2 and CD7 in AML.

Undifferentiated and Mixed-Lineage Leukemias

A null phenotype or an indeterminate phenotype, as
seen in acute undifferentiated leukemia and mixed-lin-
cage leukemia, respectively, comprised approximately
5% of the cases studied. All four cases of acute undiffer-
entiated leukemia expressed no myeloid or lymphoid
surface antigens, and were characterized only by variable
expression of HLA-DR and CD34. The clinical conse-
quence of this null phenotype is unclear.*** The mixed-
lineage leukemia conipriscd a diverse group with pheno-
types specifically excluded from classification by FAB
criteria, such as AML-MO with single B- or T-lymphoid
antigen expression. or with confusing multilineage phe-
notvpes and no convincing morphologic or cytochemi-
cal evidence of lineage preference. The clinical signifi-
cance of multilineage phenotypes in acute leukemia is
also unknown, and because the definition of this condi-
tion varies, direct comparison with existing studies is dif-
ficult.

CD34 is an antigen normally expressed by immature
hematopoietic cells. Normal bone marrow contains less
than 3% CD34-positive cells. making this an excellent
niarkcr for monitoring blast cell populations. However,
not all acute leukemias express this antigen. Approxi-
mately 45-65% of AMLs**** and about 75% of pre-B-
cell ALLs*™** have been reponed to be CD-34-positive.
Using a level of positivity that is similar to previous re-
ports,*>*3 a slightly greater proportion of CD34-positive
acute leukemias were dctected in this study. both for
AML and ALL. Previous studies suggest CD34-positive
AMLs are more likely to be AML-M1 or AML-M?
types,*'? but this was not the case in our study. The level
of CD34 cxpression Was approsiniately equal in all sub-
types of AML except AML-MO, which was consistently
positive. Even AML-M3, with relatively differentiated
morphologic and immunophenotypic features. ex-
pressed CD34 at levels similar to other AMLs. Thisintu-
itively unusual finding is similar to that reported by
Merle-Beral and associates,** and may be an atavistic
feature of leukemic cells, because CD34 expression in
normal promyelocytes has not been documented. Simi-
lar to a large group of ALLs studied by Borowitz and
co-workers,*> CD34 expression in ALL was associated
with fcaturcs of immaturc blasts, such as ALL-LI mor-
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phology, abscnce of CD20 positivity, and myeloid anti-
gen coexpression. Only cascs of ALL-L3, compased of
nearly terminally differentiated B cells. consistently
failed to mark for this antigcn. Large studics arc fow,*!-%3
but the clinical significance of CD33 cxpression in acutc
Icuhcniia appears to bc a function of cell lincagc. with
positivity portending a poor prognosis in adult AML,
and a good prognosis in pediatric ALL.

The utility of immunophenoty pic analysis in acutc
leukemia is not limited to tlie charactcrization of cell
lineage. but also may yield important prognostic infor-
mation. For example. CD {0-positivity in pre-B-cell ALL
is clearly associated with a favorable outcome.** whereas
lack of this antigen portends a poor prognosis.** CD7
expression in AML has been linked with an immature
phenotype in AML. and consequently, a worse out-
come.' I n many instances, however, conflicting reports
make evaluation of the significancc of antigen expres-
sion difficult. For example. the significance of HLA-DR
in AML is unclear. bccausc discrepant results have becn
reported.**#¢ The significance of mixed-lineage antigen
expression is particularly tortuous. Myeloid antigen ex-
pression in cases of ALL has becn reported in numerous
previous studies to have an adverse clinical influ-
ence.””*® but evidence also exists that intensive multi-
agent chemotherapy negates this effect.*® Lymphocyte
surface markers in AML has bcen rcpoi-ted to infer a
poor response to therapy,*® have no eftect,** or have fa-
vorable prognostic significance.? The reason for thcsc
conflicting findings is unclear, but may be related to dif-
ferences in patient populations (adult versus pcdiatric,
referral versus community-based). in therapy, in antibod-
ies used, and in definitions of what constitutes atypical
lineage antigen expression. In general, mixed-lineage an-
tigen expression is often, but not always. associated with
other immunophenotypic and morphologic fcaturcs of
immaturity in both AML and ALL. Like CD34, this ap-
pears to confer a worse prognosis in AML, and either
have no effect or predict a better response to therapy in
ALL. cspecially in pediatric patients. Further studies us-
ing readily available reagentsand uniform patient inclu-
sion/response criteria will be needed before valid conclu-
sions can be drawn. | n tlie meantime. caution is urged in
the application ofimmunophenotypic findings with pur-
ported clinical significance.

A few studies on tlie phenotypic changes associated
with recurrent acute leukemia have becn published. For
AML. rclapsc of disease is associated with a tendency
toward a more inimaturc phcnotypc manifest as in-
crcascd expression of CD33 and CD34 with dccrcascd
expression of CD15, and is associated with poor out-
come.* Only small changcs in phcnotypc have been re-

ported in the few studics performed on relapsed
ALL 654 Inboth AML and ALL. the conversion from a
CD34-negative phenotype at initial prcscntation to
CD34-positive at relapse has been reported.® but the
converse change. from CD34-positivity toCD34-negativ-
ity. is apparently rare. In addition to singlc antigen
changes. dramatic shifts in lincagc also may occur with
the recurrence of acutc leukemia.’®* Examples of a
wholesalc lincage switch arc unconimon.and the clinical
significancc of this occurrence is unclear.

The motivation to institute immunophenotypic stud-
ies on acutc Icukcmia was fueled initially by the desire to

improve tlie charactcrization of this heterogencous,

group of neoplasms. Clearly this objective has bcen met.
asimmunophenotypic analyses have been shown repeat-
cdly toimprove tlie recognition of lineage in acutcleuke-
mia. French-American-British criteria now rcquire phe-
notypic studics for some subsets of AML.** Thcsc
studies are also an cssential component in the diagnosis
of ALL." Furthermore, the existence of mixed-lincage
leukemia isessentially dependent on phenotypic studies.
In addition to identifying cell lineage in acutc leukemia.
certain antigenic markers have becn associated with pa-
tient outcome, and will undoubtedly play a bigger role in
prognostication as more cases are studied and clinically
significant parametersbecome clearer. Finally. immuno-
phenotyping can play a role in the evaluation of treat-
mcnt ethicacy. by monitoring blast-associated markers
such as CD34, and may also prove to bc an important
tool in assessing minimal residual discase.®’
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