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A. Introduction

The application of immunological mark-
er studies to acute lymphoblastic leu-
kemias (ALL) has established a solid
basis for precise diagnosis and classifica-
tion [1] and, in combination with enzy-
matic, cytogenetic, and molecular analy-
ses [2—4], has helped to unravel a great
deal of the biological heterogeneity of
childhood ALL.

Up to now, investigations examining
the impact of the immunophenotype on
treatment outcome have mostly reported
results based upon conventional marker
studies and have indicated a worse prog-
nosis for children with pre-B, B-, and T-
lineage ALL [5—8]. Due to the paucity of
controlled prospective studies on clinical
and prognostic implications of im-
munophenotypes, however, doubts have
arisen regarding the value of the im-
munophenotype as an independent prog-
nostic parameter in ALL [9]. Further-
more, the improvement of intensive ther-
apy has affected the prognostic impor-
tance of most clinical and biological fea-
tures in childhood ALL [10].

Therefore, the main objective of im-
munological marker studies in the thera-
py study ALL-BFM 83 was to determine
prospectively the incidence, the clinical
and hematological features, and the
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prognostic significance of immunophe-
notypic subgroups defined by monoclon-
al antibodies (MoAbs) in childhood
ALL.

B. Materials and Methods
I. Patients

From October 1983 to September 1986,
709 previously untreated children with
ALL were stratified for risk-adapted
multidrug chemotherapy in the ALL-
BFM 83 multicenter trial [11]. Complete
immunophenotypic determinations were
performed in 607 (85.6%) of these pa-
tients.

II. Immunophenotyping

Leukemic blasts from bone marrow and/
or peripheral blood samples were isolat-
ed by Ficoll-Hypaque density gradient
centrifugation. The following were per-
formed as described elsewhere [12, 13]: a
standard indirect immunofluorescence
assay for detection of cell-surface anti-
gens and conventional marker studies,
including determination of surface im-
munoglobulin, sheep erythrocyte ro-
settes, and intranuclear terminal de-
oxynucleotidyl transferase. A marker
was considered positive if reactive with
>20% of leukemic blast cells.

III. Monoclonal Antibodies

The following MoAbs from cluster of
differentiation (CD) groups defined by
the International Workshops on Leuko-
cyte Differentiation Antigens were used
for immunophenotyping: (a) B-lineage-
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associated antigens: HD37 (CD19) (B.
Dorken, Heidelberg), B1 (CD20) (Coul-
ter Clone, Hialeah, FL), VIB-C5 (CD24)
(W. Knapp, Vienna); (b) T-lineage-asso-
ciated antigens: Nal/34 (CD1) (Sera-
Lab), OKT11 (CD2), OKT3 (CD3),
OKT4 (CD4), OKTS8 (CD8) (Orthodiag-
nostic Systems, Raritan, NJ), Leu-9
(CD7) (Becton Dickinson, Sunnyvale,
CA); (c) myeloid-lineage-associated anti-
gens: VIM-2 (CDw65), VIM-DS (CD15)
(W. Knapp, Vienna), My9 (CD33)
(Coulter Clone); (d) non-lineage-re-
stricted antigens: OKIal (not clustered)
(Orthodiagnostic Systems), J5 (CD10)
(Coulter Clone).

IV. Statistical Analysis

All P-values resulted from two-sided
tests. The method of Kaplan and Meier
[14] was used to construct the life-tables
plotted in Figs. 1, 2, and 3. Comparisons
of event-free survival (EFS) were calcu-
lated by the log-rank test [15]. Multivari-
ate analyses were performed in a forward
stepwise fashion, using the Cox regres-
sion model to analyze the importance of
prognostic factors in influencing the du-
ration of continuous complete remission
[16].

C. Results
1. Treatment Qutcome

Patients were classified according to their
phenotypic profile into the following
subgroups: null ALL, common ALL, B-
ALL, pre-T-ALL, T-ALL. Three pa-
tients were unclassifiable by immunophe-
notypic analysis. The vast majority of
children with ALL achieved complete re-
mission (CR) (Table 1). The common
ALL group had a significantly longer
EFS after a median 27-month follow-up
than children with pre-T/T-ALL and B-
ALL (Fig.1). The patients with null
ALL, though only a small series in this
study, appeared to have an intermediate
remission duration (Fig. 1). Further sub-
classification of the common ALL group
revealed significant differences between
the CD20~ and the CD20" patients, in-
dicating that EFS was as poor for chil-
dren with CD20* common ALL as for
those with pre-T/T-ALL (Fig. 2).
Immunophenotypic subgroups in T-
lineage ALL (pre-T ALL vs. early vs.
cortical vs. mature T-ALL) (Fig. 3) as
well as CD10* vs. CD10 " pre-T/T-ALL
patients (data not shown) disclosed no
significant differences with regard to

‘EFS.

Table 1. Definition and distribution of immunophenotypic subgroups and their response to
induction therapy among children with ALL in the ALL-BFM study 83

Immuno- Immunophenotype No. of Percent

logical patients CR?®

diagnosis (%)

Null ALL TdT*, HLA-DR™, CD19*/(-), CD24*/(7), 21 (3.5) 100
CD10~, CD20~ cIgM /™), sIg™, T-AG~

Common ALL® TdT*, HLA-DR*, CD19*, CD24%, CD10*, 481 (79.6) 99.2
CD20~/*, clgM /%, sIg™, T-AG~

B-ALL TdT~, HLA-DR*, CD19*, CD24*, CD20", 11 (1.8) 909
CD10*/~, cIgM ™, slg*, T-AG~

Pre-T ALL TdT*, HLA-DR /), CD7*, CD5*/(7), 18 (3.0) 9544
CD2-, CD1/3/4/8~, CD10~/*, B-AG~

T-ALL TdT*, HLA-DR ™, CD7%, CD5*, CD2", 73 (12.1) 959
CD1/3/4/8*/~, CD10~/*, B-AG~

Total 604 (100.0)  98.3

? CR, Complete remission

® CD20~ n=304(63.2% of cALL), CD20™* n=124(25.8%), CD20 not determined n= 53 (11%)
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STUDY ALL-BFM 83
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Fig. 1. Probability of event-free survival for 604 children with acute lymphoblastic leukemia
(ALL) according to immunophenotyping subgroups. Median follow-up time 27 months. Slashes
indicate last patient entering the group, as in Fig. 2 and Fig. 3. P-values: c-ALL vs. pT-/T-ALL
<0.001; cALL vs. O-ALL 0.5; cALL vs. B-ALL <0.0001; pT-/T-All vs. O-ALL 0.48; pT-/T-
ALL vs. B-ALL <0.001; O-ALL vs. B-ALL 0.001. CCR, Continuous complete remission

STUDY RALL-BFM 83
EVENT-FREE SURVIVAL

PROBABILITY

B.4- 8.71 ( SD = 8.84 )
: @.59 ( SD = 2.86 )
| ©.57 ¢ SD = B.@6 )
2.2
B MAR 1, 1988
2.0 . y . . . ' ' y
2 1 2 3 4 YEARS

c—ALL : CD2@ NEGATIVE ( N = 384 ; 241 IN CCR )
----------- c—-ALL : CD28 POSITIVE ( N = 124 ; 85 IN CCR )
mm—- pT- + T=ALL ( N= 81 ; 56 IN CCR )

Fig. 2. Probability of event-free survival for patients with CD20~ cALL, CD20* cALL, and
pT-/T-ALL. P-values: CD20~ cALL vs. CD20" cALL 0.004; CD20~ cALL vs. pT-/T-ALL
<0.0001; CD20* ¢ALL vs. pT-/T-ALL 0.31. CCR, Continous complete remission
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Fig. 3. Probability of event-free survival for patients with pre-thymic, early thymic, cortical
thymic, and mature thymic T-ALL. P-values not significant. CCR, Continuous complete remis-

sion

Table 2. Clinical and hematological features of immunophenotypic subgroups at presentation

Feature Units Null Common B Pre-T/T
(%) (n=21) (n=481) (n=11) (n=91)
WBC (x 10°/1) >50 571 11.9 0 65
Age (years) < 1 28.5 1 0 0
1-<10 28.6 81.9 72.7 61.5
>10 429 17.1 27.3 38.5
Sex (% male) 47.6 53.8 90.9 70.3
Platelets ( x 10°/]) <100 571 74.2 45.5 70.3
Hemoglobin (g/dl) <8.0 571 62.6 18.2 17.5
Splenomegaly® 571 35.6 27.3 69.2
Hepatomegaly? 57.1 52.6 18.2 71.4
Mediastinal mass (% present) 0 1.0 0 51.6
Lympadenopathy (% present) 33.3 36.6 54.5 73.6
CNS disease 9.5 1.5 45.5 9.9

? >4 cm below the costal margin

I1. Clinicopathological Features

The clinical and hematological features
of immunophenotypic subgroups at pre-
sentation are depicted in Table 2. Table 3
shows that there were pronounced clini-

54

cal and hematological differences be-
tween common ALL and pre-T/T-ALL,
whereas CD20~ and CD20" common
ALL did not differ significantly in their
clinicopathological features. T-lineage
immunophenotypic subgroups were sim-



Table 3. Comparison of clinical and hematological features at presentation within major immu-

nological subgroups

Characteristics Phenotype Significance level?
analyzed
CD20~ CD20% pre-T T-ALL CD20~ cALLv
cALL  cALL cALLv CD20* pre-T/
(n=304) (n=124) (n=18) (n=173) cALL T-ALL
Age (median, years) 4.5 3.9 9.4 8.0 NS® P<.001
WBC 9.9 11.8 65.0 94.4 NS P<.001
(median, x 10°/1)
Risk group® (n)
SR 195 73 S 12 NS P <.001
MR 98 50 7 35 NS P<.01
HR 1 1 6 26 NS P<.001
Sex (% male) 54.9 53.2 66.6 71.2 NS P=.004
Mediastinal mass - - 50.0 521 NS P <.001
(% present)
Hepatomegaly? (%) 54.6 50.8 72.2 71.2 NS P=.001
Splenomegaly? (%) 39.1 37.1 72.2 68.5 NS P<.001
CNS disease (%) 1.3 1.6 5.5 11 NS P <.001
PAS (% positive) 70.1 60.5 28.8 31.5 P=.07 P<.001
Acid phosphatase 5.6 16.9 83.3 93.2 P<.001 P <.001

(% positive)”

? Pre-T and T-ALL are similar in all characteristics analyzed

® NS, Not significant

¢ Total tumor load at diagnosis estimated according to risk factor; SR, standard risk; MR,

medium risk; HR, high risk
¢ >4 cm below costal margin

ilar in their clinical and hematological
features, whereas children with CD10*
pre-T/T-ALL were slightly older, had
lower leukocyte counts, and presented
with thymic mass more often than the
CD10~ patients.

D. Discussion

In the light of the progress made in the
immunophenotyping of ALL, several
studies have attempted to identify im-
munological subtypes with differing
prognoses, the long-term goal being to
individualize therapy according to the
leukemic immunophenotype [17].
Identification of immunophenotypic
features with potential prognostic signifi-
cance in the large common-ALL group is

rather difficult due to the relatively low
failure rate for these patients. Recently,
however, the prognosis in precursor B-
cell-lineage ALL has been correlated
with cytoplasmic u chain expression [5]
and quantitative levels of CD10 expres-
sion [18]. Since cytoplasmic Ig was not
generally investigated in this study, we
selected the CD20 antigen for further
subclassification of the common-ALL
group and observed that the duration of
EFS was shorter to a statistically signifi-
cant degree for patients with CD207
common ALL than for those in the
CD20~ common-ALL subgroup. This
difference could not be explained by un-
equal distribution of the two well-estab-
lished clinical prognostic factors, age and
initial leukocyte count, nor could it be
ascribed to other significant differences
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of clinical characteristics among these
subgroups, e.g., incidence of extra-
medullary involvement or initial CNS
disease. Within the common-ALL group,
Cox regression analysis revealed in-
dependent prognostic value for only
three factors, i.e., WBC, hemoglobin lev-
el, and expression of the CD20 antigen.
These data suggest that common-ALL
subgroups of potential prognostic signifi-
cance can be defined by monoclonal anti-
bodies and that the prognosis in precur-
sor B-cell-lineage ALL is related to the
degree of maturity of the malignant cells.
Reasons for the poorer treatment out-
come of the CD20* common-ALL pa-
tients are uncertain, and additional stud-
ies on the biological characteristics of
this subgroup are necessary for clarifica-
tion.

T-cell neoplasms have been catego-
rized according to stages of normal dif-
ferentiation into pre-T, early, cortical or
common, and mature thymocyte sub-
types [19]. The potential clinical rele-
vance of subset designation, however,
has not yet been demonstrated among
patients with T-cell-lineage ALL. In the
ALL-BFM 83 study, children with pre-
T/T immunophenotype did not differ sig-
nificantly in their response to induction
therapy from other immunophenotypical
subgroups, but they had a significantly
shorter duration of EFS than children
with common ALL. The poorer treat-
ment outcome of T-lineage ALL, howev-
er, was mainly related to the association
with unfavorable clinical features, and
the pre-T/T-ALL phenotype did not re-
tain independent prognostic significance
in the multivariate model. Immunophe-
notypic subgroups of T-lineage ALL
(i.e., pre-T vs. early vs. cortical vs. ma-
ture T-ALL) did not differ significantly
with regard to clinical features, response
to induction therapy, and EFS. Interest-
ingly, four of five children in the small
mature-T-cell subgroup relapsed within
16 months after diagnosis. The prognos-
tic impact of this subgroup, however, has
to be evaluated in larger series of pa-
tients. Furthermore, it should be empha-
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sized that eight patients with T-lineage
ALL did not fit into the T-cell-differenti-
ation stages, indicating that any pheno-
typic categorization of T-lineage ALL is
likely to be an oversimplification and
does not reflect the real extent of hetero-
geneity of T-cell ontogeny. In contrast to
a recent report from the Pediatric Oncol-
ogy Group [20], the expression of CD10
within T-lineage ALL was not prognosti-
cally important in the ALL-BFM 83
study, but slight differences with regard
to clinical features (age, WBC, mediasti-
nal mass) were observed among CD10*
and CD10~ pre-T/T-ALL patients.

In conclusion, our data confirm the re-
ported incidence of immunophenotypic
subgroups and the clinical usefulness of
monoclonal-antibody phenotyping in
childhood ALL. The expression of the
CD20 antigen could be identified as an
independent prognostic factor in patients
with precursor B-cell-lineage ALL and
may be important for risk assignment in
future treatment planning. The poorer
treatment outcome of T-lineage ALL can
be explained largely by the association
with unfavorable clinical factors. In con-
trast to results in adult ALL [21], im-
munophenotypic subgroups in child-
hood T-lineage ALL (i.e., pre-T vs. T-
ALL) did not differ significantly with re-
gard to clinicopathological features and
clinical outcome. Further studies of im-
munological features in combination
with characterization by lineage-associ-
ated molecular probes are needed to eval-
uate the clinical significance of subset
designation within T-lineage ALL.
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