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Purpose: We compared multidimensional flow cytometry (MDF)
with morphology in evaluating early marrow response to induction
chemotherapy in pediatric ALL.

Methods: Chemotherapy response was determined by standard
morphology or by MDF assessed by residual leukemic cell per-
centage remaining in the marrow on days 7, 14, and 28 of induc-
tion. Bone marrow response was classified as M3 (>25% leukemic
blasts) or M1/M2 (=25% leukemic blasts). Multidimensional flow
cytometry evaluation was compared with that of standard mor-
phology. Available day-7 and day-14 marrow slides were also
reevaluated by a single pathologist without patients’ clinical in-
formation.

Results: Of 46 day-7 specimens, eight (17%) had discordant
MDF and morphologic results (P < 0.001), including six classified
as M3 by morphology but were M1/M2 by MDF, and two were
classified as M3 by MDF but were M1/M2 by morphology. Of
24 day-14 bone marrow specimens, five (20.5%) were discordant
(P < 0.001), including two classified as M3 by morphology but
were M1/M2 by MDF, and three were classified as M3 by MDF
but were M1/M2 by morphology. Reevaluation of the blinded
day-7 and day-14 marrow slides yielded discordance between re-
peated pathology readings of 11% (P < 0.001) and 6% (P = 0.04),
respectively.

Conclusion: Our data show significant discordance between the
morphologic and MDF evaluation of early marrow response. Early
response to therapy is a significant prognostic indicator in pediatric
acute lymphoblastic leukemia and is used to alter subsequent treat-
ment; thus, precise assessment of response is important. A larger
comparison of MDF with morphology for the evaluation of early
response, including correlation with clinical outcome, is war-
ranted.
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hildhood acute lymphoblastic leukemia (ALL) is the

single most common childhood malignancy. With an
incidence of more than 30 cases per one million children
younger than 15 years of age per year, ALL comprises
almost one-fourth of all pediatric cancer (1). Multiagent
chemotherapy has significantly improved survival for child-
hood ALL (2). However, the relapse rate with current thera-
pies remains at 20% to 30% (3). Relapsed ALL continues to
have unacceptably poor outcome, especially in bone mar-
row relapse (4,5). Risk-based therapy, directed by early
identification of patients with unfavorable clinical and labo-
ratory features, has improved outcome for patients at high-
risk while avoiding chemotherapy-related morbidity for the
patients at low-risk.

Rapidity of response to chemotherapy is a significant prog-
nostic indicator in numerous malignancies (6-9). In childhood
ALL, early reduction in leukemic load after initiation of
chemotherapy is a major prognostic factor for survival. Spe-
cifically, reduction in peripheral leukemic blasts has prog-
nostic significance and has been a criterion for risk-directed
therapy (10). European cooperative groups have stratified
patients into standard-risk and high-risk categories based on
their response to 1 week of single agent therapy with pred-
nisone (11,12). Patients with rapid response to prednisone
(<1,000 peripheral blasts/wL) have a significantly better
survival rate than those with poor response to steroids.

Rapid bone marrow response to induction therapy is also
a favorable prognostic indicator. Previous Children’s Can-
cer Group (CCQG) studies showed that patients who had an
M3 marrow (>25% blasts) on day 14 had a worse disease-
free survival rate than children with an M1/M2 marrow
(=25% blast) on day 14 (13-15). Recently, CCG studies
demonstrated that an early marrow response (M1/M2) on
day 7 in patients at high-risk with ALL was associated with
more favorable outcome (16). Intensification of therapy in
patients at high-risk with poor day-7 response (M3) signifi-
cantly improved their outcome (17). Steinherz et al. (18)
attempted to determine the optimal time for assessment of
the residual marrow lymphoblast fraction during remission
induction. They demonstrated that the day-7 marrow find-
ings had greater prognostic significance than day-14 mar-
row, and the day-14 marrow result provides additional prog-
nostic information for those with an M3 day-7 marrow.
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Despite their prognostic usefulness, bone marrow aspi-
ration samples during induction can be challenging to in-
terpret because of hypocellularity, cell friability, and the
difficulty of distinguishing regenerating lymphoblasts, he-
matogones, or mature lymphocytes from leukemic blasts
that have been affected by chemotherapy. To account for
variable marrow cellularity, Schultz et al. (19) derived an
index of remaining blast cellularity by assessing the day-7
response in both marrow biopsy and marrow aspirate. It is
uncertain whether the information gained from the bone
marrow biopsy improved the prognostic significance of
bone marrow aspirate.

Because an early response to therapy has been shown to
be a significant prognostic factor in long-term survival, pre-
cise assessment of the marrow status is important, especially
if subsequent therapy is guided by early marrow response.
Multidimensional flow cytometry has been used in diagno-
sis of leukemia and in the detection of minimal residual
disease (20-22). Multidimensional flow cytometry is more
sensitive and specific at accurately distinguishing leukemic
cells from the normal cell populations as compared with
morphology, cytogenetics, or the two combined (23). We
report a comparison of MDF with standard morphology to
evaluate early marrow response during induction therapy
for pediatric ALL.

MATERIALS AND METHODS

Patients

Between May 1997 and March 1999, untreated, newly
diagnosed pediatric ALL were the criteria for patients eli-
gible for enrollment on this study at Children’s Hospital and
Regional Medical Center, Seattle, Washington. Bone mar-
row samples were obtained after informed consent from
parents/guardians in accordance with the Institutional Re-
view Board. Bone marrow samples were obtained only
when bone marrow aspiration was required by treatment
protocol or standard practice. Bone marrow samples (1-2
mL) were aspirated in the conventional manner. The initial
bone marrow aliquots were placed immediately in tubes
containing edetic acid and used for morphologic evaluation.
Subsequent aliquots were placed in vials with sodium hep-
arin with or without RPMI medium (GIBCO-BRL, Rock-
ville, MD, U.S.A.) and shipped within 24 to 48 hours to the
MDF laboratory. A separate morphologic review was not
performed on samples sent to the MDF laboratory. Patients
were stratified to high-risk, standard risk, or infant groups
based on their age and white blood cell count at presentation
(24). High-risk was defined as white blood cell count
>50,000/L or age older than 10 years, standard risk was
defined as white blood cell count =50,000/p.L and age older
than 1 year and younger than 10 years, and the infant group
was defined as age younger than 1 year. Patients were en-
rolled on current CCG-ALL protocols or treated according
to standard institutional ALL therapy based on CCG
therapy. All alterations to therapy were based on the proto-

col guidelines. Postinduction therapy was modified in re-
sponse to early bone marrow response (as assessed by stan-
dard morphology) using these conditions:

1. High-risk and M3 on day-7 marrow

2. Standard risk and M3 on day-14 marrow

3. Standard risk and M2/M3 on day-28 marrow
4. High-risk and M3 on day-28 marrow

Morphology

Bone marrow smears were prepared in the standard fash-
ion (Wright-Giemsa) from the aspirated material; different
tubes were used for MDF and morphologic review. The
percent of lymphoblasts was determined by one of four
pediatric pathologists who interpreted the smear during rou-
tine diagnostic evaluation. The pathologists were unaware
of MDF results. Specimens were classified as <5% (M1),
5% to 25% (M2), or >25% (M3). For purposes of this study,
a single pathologist, blinded to patient information includ-
ing morphologic and MDF results, reevaluated available
day-7 and day-14 marrows.

Multidimensional Flow Cytometry

Monoclonal antibodies were obtained from these
sources: fluorescein isothiocyanate: CD3, CDS5, CDS8,
CD20, CD22, CD25, and human leukocyte antigen-DR
(Becton Dickinson Immunocytometry Systems, San Jose,
CA, U.S.A.); CD33 (DAKO, Carpinteria, CA, U.S.A.); ter-
minal deoxynucleotidyl transferase (GenTRAK, Plymouth
Meeting, PA, U.S.A.); phycoerythrin: CD4, CD7, CD11b,
CD13, CD19, CD34, and CD56 (Becton Dickinson Immu-
nocytometry Systems); CD10 (DAKO); CDla (Pharmin-
gen, San Diego, CA, U.S.A.); peridinin-chlorophyll-a
(PerCP): CD45 (Becton Dickinson Immunocytometry
Systems).

The staining procedure for labeling cells has been pre-
viously published (25). Briefly, a preselected panel of lym-
phoid antibody combinations was incubated at room tem-
perature, in the dark, with 100 pL of well-mixed bone
marrow, collected in sodium heparin with or without RPMI
medium. After a 20-minute incubation, the erythrocytes
were lysed with warmed (37°C) NH,Cl and the cell suspen-
sion was centrifuged at 1,300 rpm. The supernatant was
discarded, leaving a cell pellet at the bottom of the tube. The
cells were washed once with phosphate-buffered saline/2%
fetal calf serum/0.1% sodium azide solution, and then the
cell pellet was gently resuspended in 0.5 mL of 1% para-
formaldehyde. Cytoplasmic staining required further prepa-
ration by incubating cells for 40 minutes, before fixation
with paraformaldehyde, with 2.0 mL of a permeabilization
solution, Ortho PermeaFix (Ortho Diagnostics, Raritan, NJ,
U.S.A.). After permeabilization and washing once with
phosphate-buffered saline/2% fetal calf serum/0.1% sodium
azide solution, the cells were labeled with the cytoplasmic
antibodies terminal deoxynucleotidyl transferase, myeloper-
oxidase, CD3, and CD22 (20). Acquisition of the data was
performed on a Becton Dickinson Facscalibur using Cell-
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quest software (Becton Dickinson Immunocytometry Sys-
tems) with a minimum of 10,000 events per sample. Mul-
tidimensional data analysis was performed using WinList
software (Verity House, Topsham, ME, U.S.A.), as de-
scribed by Wells et al. (26).

The leukemic blast population from the diagnostic mar-
row (day 0) was identified by forward and side light-scatter
properties in combination with expression of the of the com-
mon leukocyte antigen (CD45). This gated population of
blast cells was further analyzed for quantitative expression
of various leukocyte antigens. This initial examination es-
tablished the unique “fingerprint” for comparison with sub-
sequent samples obtained at intervals during treatment.
Cells from day-7, day-14, and day-28 marrow with match-
ing immunophenotypic characteristics were considered leu-
kemic blasts, and their percentage of total nucleated cell
population was calculated. All patients had a distinctive
phenotype that was used to follow-up the proportion of the
leukemic cells.

Clinical Assessment

Patients’ risk groups were correlated with MDF and mor-
phologic data. The pathologists and MDF staff were blinded
to the other’s interpretation of the bone marrow results. All
treatment decisions were based on the morphologic evalu-
ation of response as dictated by the treatment protocol.
Treating physicians were blinded to MDF results. Because
of the anticipated small sample size and brief follow-up,
patient survival data were not analyzed in this study.

Statistical Analysis

For the purpose of this study, discordant samples were
defined as those that were classified as M1/M2 by one
method and M3 by the other. This definition corresponds
with the dichotomous distinction between rapid responders
(M1/M2), who receive less intensive postinduction therapy,
and slow responders (M3), who receive more intensive
postinduction therapy. Assuming that the methods are
equivalent, a concordance rate of 100% would ideally be
expected. The hypothesis that the percent of discordant
samples was significantly larger than 1% (chosen to repre-
sent a small rate of discordance) was tested using exact
binomial probabilities and significance levels of 0.05.
Ninety-five percent confidence intervals (CI) were also cal-
culated using exact binomial probabilities.

RESULTS

The characteristics of the 60 study patients are shown in
Table 1. All samples were evaluated by morphology. Bone
marrow specimens were obtained on days 0, 7, 14, and 28
from 60, 59, 33, and 57 patients, respectively, and all were
evaluated by morphology. Bone marrow specimens were
evaluable by both MDF and morphology on days 7, 14, and
28 in 46, 24, and 44 patients, respectively.

Twenty-six of the 46 (56%) evaluable patients had
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TABLE 1. Patient characteristics
Characteristics Number
Sex

Male 32 (53%)
Female 28 (47%)
Age, years

Mean (range)
WBC at diagnosis

6.3 (0.33-16.8)

>50,000 14 (23%)

<50,000 46 (77%)
Risk Category

High risk 23 (38%)

Standard risk 34 (57%)

Infant ALL 3 (5%)
Phenotype

T cell 6 (10%)

Early Pre-B 17 (28%)

Common ALL 35 (58%)

Null 2 (3%)

M1/M2 marrow by both MDF and morphology on day 7
(Table 2). Twelve of 46 patients (21%) had M3 marrows on
day 7 by both methods. However, 8 of 46 (17%; 95% CI:
8%, 31%) day-7 samples were discordant (P < 0.001). In six
patients, the marrow was classified as M3 by morphology,
whereas MDF demonstrated an M1/M2 response. Two pa-
tients had an M1/M2 marrow by morphology and had M3
by MDF.

On day 14, 18 of the 24 (75%) evaluable patients had an
M1/M2 marrow by both morphology and MDF (Table 2).
One patient (4%) had M3 response on day 14 by both mor-
phology and MDF. However, 5 of 24 (20.5%; 95% CI: 7%,
42%) of day-14 samples were discordant (P < 0.001). Three
of 24 patients’ (12.5%) day-14 marrows were classified as
M1/M2 by morphology and as M3 by MDF. Two other
marrows (8%) were classified as M3 by morphology but as
M1/M2 by MDF. Forty-three of 44 day-28 specimens were
M1 by both methods. One patient had an M2 marrow (25%
blasts) by morphology but an M1 marrow (3.8% blasts) by
MDF.

Of the 13 patients with discordant MDF and morphology
results, five had their chemotherapy regimen altered as a
result of the morphologic evaluation of marrow response
(Table 3). Two patients at high-risk with morphologically
M3 day-7 marrows and two patients at standard risk with
morphologically M3 day-14 marrows were assigned to
more intensive chemotherapy regimens. One patient at stan-

TABLE 2. Flow cytometric and morphologic evaluation of
day 7 and day 14 marrow

Multidimensional flow

Day 7 Day 14
5 MUM2 (%) M3 (%) M1/M2 (%) M3 (%)
2 26 (56) 2 (4) 18 (75) 3 (12.5)
g 6(13) 12 (26) 2(8) 1(4)
2 P < 0.001* P < 0.001*

*P-value from binomial probability testing whether the percent of
discordant samples is significantly greater than 1%.
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TABLE 3. Discrepancies in flow cytometry vs. morphology results of day 7, 14, and

28 marrow
Morphology MDF Postinduction
Patient # Risk group (% blast) (% blast) chemotherapy change
Day 7 marrow 004 HR 30 0
006 SR <25 41
013 SR 6 28
034 HR >50 10 Intensified
037 HR 50 13 Intensified
038 SR 30%-50 23
047 SR 40 22
057 SR 75 14
Day 14 marrow 018 SR 10 32
022 SR 3 44
032 SR 25%—-30 0 Intensified
035 SR 50 6 Intensified
040 HR 20 61
Day 28 marrow 018 SR 25 4 Intensified

HR, high risk; SR, standard risk.

dard risk who had an M2 marrow (25% blasts) on day 28
was assigned to more intensive chemotherapy regimen. All
five of these patients had an M1/M2 marrow by MDF at the
time of chemotherapy regimen alteration.

Reevaluation of the Pathologic Specimens

We compared the result of the blinded reevaluation with
the result of the original pathologic evaluation to determine
the consistency of assessing leukemic blasts by morphology
(Table 4). Of the 55 day-7 marrows that were reevaluated,
six (11%; 95% CI: 4%, 22%) were discordant (P < 0.001)
from the original morphologic evaluation. Three marrows,
called M3 on original evaluation, were reread as M1/M2.
The other three that were read as M1/M2 initially were
reread as M3. Two of 32 day-14 samples (6%; 95% CI: 1%,
21%) that were reevaluated were discordant (P = 0.04).
One was called M3 (25%-30%) on original evaluation and
was read as M1 (2% blasts) on reevaluation. The other
day-14 marrow that was originally read as M2 (20% blasts)
was called M3 (40%) on reevaluation. Direct comparison of
discordant samples are shown in Table 5.

DISCUSSION

Early response to chemotherapy, as determined either by
clearance of peripheral or marrow blasts, is a prognostic
factor in pediatric ALL. Accurate identification of slow re-
sponders who are at higher-risk for relapse allows for in-
tensification of postinduction chemotherapy and potential
improvement of outcome. Morphologic evaluation of the
response to chemotherapy relies on visual identification of
immature cells in the marrow. However, differentiation of
residual leukemic blasts from hematogones or mature lym-
phocytes may be challenging by morphology alone. In ad-
dition, day-7 and day-14 bone marrows are usually quite
hypocellular, limiting the number of cells for evaluation.
Because postinduction chemotherapy may be determined by
the day-7 or day-14 marrow response, the distinction be-
tween M3 and M1/M2 marrow has significant clinical im-

plication. Therefore, appropriate allocation of patients to
more or less intensive postinduction therapy requires accu-
rate determination of bone marrow response.

To assess whether MDF would be a more accurate means
of assessing early marrow response, we compared marrow
response on days 7, 14, and 28 by MDF and morphology.
Multidimensional flow cytometry has been used in evalua-
tion of disease status in pediatric ALL (21) and appears to
be an accurate and sensitive method to identify leukemic
blasts. Multidimensional flow cytometry has not routinely
been used to categorize early response, however. We dem-
onstrate a significant discordance between morphologic and
MDF evaluation of early bone marrow response during in-
duction. Thirteen of 70 day-7 or day-14 bone marrow
samples (19%) were discordant between the morphology
and MDF results. Based on the morphologic evaluation of
the marrow status, five patients received intensive postin-
duction chemotherapy. All five patients had classifications
of M1/M2 by MDF. If MDF, and not morphology, was used
to determine postinduction chemotherapy, these five pa-
tients would have continued on their standard treatment pro-
tocols. In addition, two patients at standard risk classified as
having M1/M2 by morphology but M3 by MDF would have
received intensified postinduction chemotherapy. In total, 7
of 46 patients (15%; 95% CI: 6%, 28%) evaluated by both
MDF and morphology would have received different
postinduction therapy if MDF was used to evaluate response
rather than morphology.

TABLE 4. Morphologic reevaluation of day 7 and 14

marrow specimens
Reevaluation morphology
Day 7 Day 14

_ B M1/M2 M3 M1/M2 M3
£<

§>.g_ M1/M2 31 3 28 1
o5 M3 3 18 1 2

S *P < 0.001 *P<0.04

*P-value from binomial probability testing whether the percent of
discordant samples is significantly greater than 1%.
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TABLE 5. Discordant samples between original and reevaluation morphology

Risk Original Reevaluation MDF
Patient # category morphology, % morphology, % evaluation, %

Day 7 4 HR 30 15 0
10 SR <5 27 NA
13 SR 6 35 28

32 SR <15 56 0.20
34 SR >50 22 10
49 HR 30 19 29
Day 14 32 SR 25%-30 2 0
40 HR 20 40 61

NA, Not available.

We also show the subjective nature of the morphologic
evaluation of bone marrow response during induction. Six
of the 55 (11%) day-7 and 2 of 32 (6%) day-14 marrows
reevaluated by a single pathologist were discordant from the
original morphologic evaluation. Of the six discordant
day-7 samples, two patients received intensive postinduc-
tion therapy based on the original evaluation. These patients
would have continued on standard treatment based on the
result of the reevaluation morphology. Also, one patient
who received intensive postinduction therapy based on the
original day-14 morphology would have remained on stan-
dard treatment based on the result of the reevaluation mor-
phology.

Multidimensional flow cytometry may provide a more
objective and reproducible assessment of the bone marrow
than morphology in assessing response to induction therapy.
Leukemia cells express aberrant phenotypes that can be
used to identify them as neoplastic cells (27). Once the
tumor is identified, it is possible to monitor its elimination
from normal cells using the aberrant antigen expression as a
tumor marker. Model studies have shown that abnormal
cells can be distinguished and enumerated at frequencies
less than 0.1% (28). An additional advantage of MDF over
morphology is the ability to classify immature cells as nor-
mal or abnormal with a high predictive rate of relapse when
abnormal cells are identified (26,29).

Our data demonstrate that the discordance between the
morphology and MDF has random distribution and does not
suggest any inherent bias for the observed difference. In no
case did a patient demonstrate discordance in both the day-7
and day-14 sample, suggesting that discordance was not
based on a unique morphology or immunophenotype that
consistently “fooled” the pathologist or the MDF assess-
ment. Moreover, because the sample for MDF was aspirated
subsequent to the one sent for morphology, one might pre-
dict that morphology would be biased towards a higher
percentage of blasts. However, in 5 of 13 discordant cases,
morphology had a lower blast percentage than MDF. In
addition, after morphologic reevaluation of the day-7 and
day-14 marrows, four patients’ marrow status was changed
from M3 to M1/M2, and the status of another four was
changed from M1/M2 to M3. This suggests that the ob-
served differences are because of the subjective nature of

the morphologic assessment of the induction marrow. Fur-
thermore, evaluation of the MDF data from patients who
were classified as having M1/M2 by MDF, but M3 by mor-
phology, reveals that in the majority of patients (6/9) there
were significant number of nonviable cells by MDF (low
side-scatter and low CD 45 expression) (30). In additional
two patients, there was evidence of regenerating normal B
lymphoid cells (hematogones). The nonviable cells or he-
matogones may have contributed to the higher blast per-
centage by morphology. Because of the small sample size
and limited follow-up, we are unable to correlate MDF and
morphology with patient outcome. Correlation of clinical
outcome by marrow status as determined by MDF versus
morphology and exact reason for the discrepancy is part of
the next CCG biology study.

REFERENCES

1. Gurney JG, Severson RK, Davis S, et al. Incidence of cancer in children in the
United States: Sex-, race-, and 1-year age-specific rates by histologic type.
Cancer 1995;75:2186-95.

2. Pui CH, Evans WE. Acute lymphoblastic leukemia. N Engl J Med 1998;339:
605-15.

3. Miller RW, Young JL Jr., Novakovic B. Childhood cancer. Cancer 1995;75:
395-405.

4. Buchanan GR, Rivera GK, Boyett JM, et al. Reinduction therapy in 297 children
with acute lymphoblastic leukemia in first bone marrow relapse: a Pediatric
Oncology Group Study. Blood 1988;72:1286-92.

5. Gaynon PS, Qu RP, Chappell RJ, et al. Survival after relapse in childhood acute
lymphoblastic leukemia: impact of site and time to first relapse: the Children’s
Cancer Group Experience. Cancer 1998;82:1387-95.

6. King SC, Reiman RJ, Prosnitz LR. Prognostic importance of restaging gallium
scans following induction chemotherapy for advanced Hodgkin’s disease [see
comments]. J Clin Oncol 1994;12:306-11.

7. Chauvet B, Felix-Faure C, Lupsascka N, et al. Prostate-specific antigen decline:
a major prognostic factor for prostate cancer treated with radiation therapy. J
Clin Oncol 1994;12:1402-7.

8. Keating MJ, Smith TL, Gehan EA, et al. Factors related to length of complete
remission in adult acute leukemia. Cancer 1980;45:2017-29.

9. Kaplan WD, Jochelson MS, Herman TS, et al. Gallium-67 imaging: a predictor
of residual tumor viability and clinical outcome in patients with diffuse large-
cell lymphoma. J Clin Oncol 1990;8:1966-70.

10. Rautonen J, Hovi L, Siimes MA. Slow disappearance of peripheral blast cells:
an independent risk factor indicating poor prognosis in children with acute
lymphoblastic leukemia. Blood 1988;71:989-91.

11. Reiter A, Schrappe M, Ludwig WD, et al. Chemotherapy in 998 unselected
childhood acute lymphoblastic leukemia patients. Results and conclusions of the
multicenter trial ALL-BFM 86. Blood 1994;84:3122-33.

12. Arico M, Basso G, Mandelli F, et al. Good steroid response in vivo predicts a
favorable outcome in children with T-cell acute lymphoblastic leukemia. The
Associazione Italiana Ematologia Oncologia Pediatrica (AIEOP). Cancer 1995;
75:1684-93.



590

13.

14.

15.

18.

20.

21.

Journal of Pediatric Hematology/Oncology, Vol. 23, No. 9, December 2001

Miller DG. On the nature of susceptibility to cancer. The presidential address.
Cancer 1980;46:1307-18.

Miller DR, Leikin S, Albo V, et al. Prognostic factors and therapy in acute
lymphoblastic leukemia of childhood: CCG-141. A report from children’s can-
cer study group. Cancer 1983;51:1041-9.

Gaynon PS, Desai AA, Bostrom BC, et al. Early response to therapy and out-
come in childhood acute lymphoblastic leukemia: a review. Cancer 1997;80:
1717-26.

. Gaynon PS, Bleyer WA, Steinherz PG, et al. Day 7 marrow response and

outcome for children with acute lymphoblastic leukemia and unfavorable pre-
senting features. Med Pediatr Oncol 1990;18:273-9.

. Nachman JB, Sather HN, Sensel MG, et al. Augmented post-induction therapy

for children with high-risk acute lymphoblastic leukemia and a slow response to
initial therapy [see comments]. N Engl J Med 1998;338:1663-71.

Steinherz PG, Gaynon PS, Breneman JC, et al. Cytoreduction and prognosis in
acute lymphoblastic leukemia—the importance of early marrow response: report
from the Childrens Cancer Group [see comments]. J Clin Oncol 1996;14:
389-98.

. Schultz KR, Massing B, Spinelli JJ, et al. Importance of the day 7 bone marrow

biopsy as a prognostic measure of the outcome in children with acute lympho-
blastic leukemia [see comments]. Med Pediatr Oncol 1997;29:16-22.

Janossy G, Coustan-Smith E, Campana D. The reliability of cytoplasmic CD3
and CD22 antigen expression in the immunodiagnosis of acute leukemia: a study
of 500 cases. Leukemia 1989;3:170-81.

Coustan-Smith E, Behm FG, Sanchez J, et al. Inmunological detection of mini-
mal residual disease in children with acute lymphoblastic leukaemia [see com-
ments]. Lancet 1998;351:550-4.

22.

23.

24.

25.

26.

217.

28.

29.

30.

Sievers EL, Loken MR. Detection of minimal residual disease in acute myelog-
enous leukemia. J Pediatr Hematol Oncol 1995;17:123-33.

Wells DA, Sale GE, Shulman HM, et al. Multidimensional flow cytometry of
marrow can differentiate leukemic from normal lymphoblasts and myeloblasts
after chemotherapy and bone marrow transplantation. Am J Clin Pathol
1998;110:84-94.

Smith M, Arthur D, Camitta B, et al. Uniform approach to risk classification and

treatment assignment for children with acute lymphoblastic leukemia [see com-
ments]. J Clin Oncol 1996;14:18-24.

Stelzer GT, Shults KE, Loken MR. CD45 gating for routine flow cytometric
analysis of human bone marrow specimens. Ann N'Y Acad Sci 1993;677:265-80.

Wells DA, Sale GE, Shulman HM, et al. Multidimensional flow cytometry of
marrow can differentiate leukemic from normal lymphoblasts and myeloblasts
after chemotherapy and bone marrow transplantation. Am J Clin Pathol 1998;
110:84-94.

Hurwitz CA, Loken MR, Graham ML, et al. Asynchronous antigen expression
in B lineage acute lymphoblastic leukemia. Blood 1988;72:299-307.

Stelzer GT, Shults KE, Wormsley SB, et al. Detection of occult lymphoma cells
in bone marrow aspirates by multi- dimensional flow cytometry. Prog Clin Biol
Res 1992;377:629-35.

Shulman HM, Wells D, Gooley T, et al. The biologic significance of rare
peripheral blasts after hematopoietic cell transplantation is predicted by multi-
dimensional flow cytometry. Am J Clin Pathol 1999;112:513-23.

Loken MR, Herzenber LA. Analysis of cell populations with a fluorescence-
activated cell sorter. Ann N Y Acad Sci 1975;254:163-71.



