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In current medical practice, patients with refractory anemia patients with RAEB or RAEB-t were more likely to have poor
prognostic characteristics, in particular complex abnormali-with excess blasts in transformation (RAEB-t), and especially

patients with RAEB, receive chemotherapy regimens (AML ties involving chromosomes 5 and/or 7. Multivariate analy-
ses indicated that, when considered together with cytoge-Rx) administered to patients with acute myeloid leukemia

(AML) less often than do patients with AML. These entities netics and other patient characteristics, a diagnosis of RAEB
rather than AML or RAEB-t had no effect on EFS from startare distinguished primarily by marrow blast percentage (5%

to 19% RAEB, 20% to 29% RAEB-t, andı30% AML). The poor of Rx, EFS from CR, survival, or achievement of CR. These
analyses suggested a trend for patients with RAEB-t to haveprognosis of many RAEB or RAEB-t patients, if untreated, led

us to give them AML Rx using the same plan as for AML. better EFS from start of Rx than patients with AML or RAEB
(P ! .08; relative risk, 0.80; 95% confidence interval, 0.62 toThe purpose of this analysis was to see if diagnosis (RAEB,

RAEB-t, or AML) affected outcome. We treated 372 patients 1.03), but there were no differences with respect to the other
outcomes. Our data suggest that the propriety of adminis-with AML (acute promyelocytic leukemia [APL] excluded),

106 with RAEB-t, and 52 with RAEB. AML Rx produced a tering AML Rx to patients with RAEB or RAEB-t who have
poor prognosis without treatment is identical to the propri-62% complete remission (CR) rate in RAEB, essentially iden-

tical to the rates in RAEB-t and AML, but event-free survival ety of treating AML in this fashion. Deterrents to standard
AML Rx in these patients could justifiably include cytogenet-(EFS) from CR and from start of treatment (start of Rx), as

well as overall survival, were poorer in RAEB than in AML ics, age, etc, but not a diagnosis of RAEB or RAEB-t per se.
q 1997 by The American Society of Hematology.or RAEB-t, with AML and RAEB-t being identical. However,

PATIENTS AND METHODSTHE WIDELY USED French-American-British (FAB)
classification system distinguishes acute myeloid leuke- We treated 579 patients with newly diagnosed AML, RAEB-t, or

mia (AML) from the myelodysplastic syndromes refractory RAEB between January 1991 and May 1995. Four hundred seven
anemia with excess blasts (RAEB) and RAEB in transforma- had AML by FAB criteria. We excluded from analysis the 49 of these

407 treated for acute promyelocytic leukemia (APL). We excludedtion (RAEB-t).1 Patients whose bone marrows are dysplastic
the APL patients because, uniquely, they received all-trans retinoicwith 5% to 20% blasts and who have less than 6% circulating
acid / idarubicin, reflecting the belief that APL is a distinct diseaseblasts are said to have RAEB. If the marrow has 20% to 29%
characterized by the PML-RARa rearrangement.19 One hundred sev-blasts, or if the blood has 5% to 29% blasts, or if Auer
enty-two of the 579 patients had less than 30% marrow blasts. These

rods are present, RAEB-t is diagnosed. Patients with ¢30% 172 included 120 with RAEB-t and 52 with RAEB, as defined by
myeloblasts are said to have AML. These distinctions have the FAB system. However, 14 of the 120 FAB RAEB-t patients
important therapeutic implications. Patients with AML gener- had either 30% or more blasts in the blood or more than 10,000/
ally receive myelosuppressive combination chemotherapy mL circulating blasts, thus meeting criteria for peripheral AML.20 As

recommended by a National Cancer Institute-sponsored workshop,21(AML Rx), eg, ara-C / daunorubicin or idarubicin. The same
we classified these 14 as AML. Addition of the 14 to the 358 (ie,is often true of patients with RAEB-t, although these patients
407 0 49) other AML patients gave us 372 patients with AML, 106still receive AML Rx less frequently than do AML patients.
with RAEB-t, and 52 with RAEB. In general, patients with RAEBIn contrast, patients with RAEB often are not treated or, if
were treated because of thrombopenia (õ50,000/mL), red blood cell

treated, receive blood transfusions, steroids, androgens, or cy-
transfusion requirements, or an abnormal karyotype.

tokines rather than AML Rx.2,3 Although there is no evidence Regardless of diagnosis, we assigned patients to AML Rx ac-
that these treatments prolong survival, there is also a belief cording to their presenting leukemia cell karyotype, as previously
that AML Rx is ineffective in RAEB and may shorten sur- described.22 Patients with a normal karyotype, an inv (16), or a

t(8;21) were placed in a better prognosis group, as were the 20%vival.4 Cooperative groups and single institutions have formal-
of patients who presented with white blood cell (WBC) count greaterized this belief, because patients with RAEB, and even RAEB-
than 50,000/mL, thus demanding treatment before cytogenetic resultst, have until very recently been ineligible for the AML studies
were known. Patients with abnormalities of chromosomes 5 and/orconducted by these centers.5-12

7 (05, 5q0, 07, 7q0) or /8 fell into a worse prognosis group.Nonetheless, although many RAEB patients with relatively
normal blood counts, only a slight excess of blasts, and a
normal karyotype can have an indolent course, RAEB accom- From the Departments of Hematology and Biomathematics, Uni-
panied by significant cytopenias and/or cytogenetic abnormal- versity of Texas M.D. Anderson Cancer Center, Houston, TX.

Submitted December 26, 1996; accepted June 17, 1997.ities, and certainly RAEB-t, have prognoses more reminiscent
Address reprint requests to Elihu Estey, MD, Department of He-of untreated AML than of indolent myelodysplastic syn-

matology, Box 61, U.T.M.D. Anderson Cancer Center, 1515 Hol-dromes.13-18 This has led us to treat high-risk RAEB (RAEB
combe, Houston, TX 77030.together with either a hemoglobin level õ10 g/dL, a neutro-
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phil count õ1,500/mL, a platelet count õ100,000/mL, or an

charge payment. This article must therefore be hereby marked
abnormal karyotype) and RAEB-t exactly as we do newly ‘‘advertisement’’ in accordance with 18 U.S.C. section 1734 solely to
diagnosed AML. The purpose of the analysis reported here indicate this fact.
was to see if, with the regimens used, diagnosis (AML, q 1997 by The American Society of Hematology.
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Patients with other abnormalities were considered as better prognosis AML, 2 RAEB-t, and 1 RAEB) received an allogeneic bone marrow
transplant in first CR. These 9 patients represent 2.6% of all theif they did not have an antecedent hematologic disorder (AHD) and

as worse prognosis if they had an AHD. AHD was defined as a patients who achieved CR (2.4% of the AML and 2.9% of the
RAEB/RAEB-t). We did not censor the 9 patients at time of trans-history of a hemoglobin level less than 12 g/dL, a platelet count less

than 150,000/mL, a neutrophil count less than 1,500/mL, or a WBC plant because we could not, retrospectively, be sure that the physi-
cian’s decision to transplant and the chances of relapse or death incount greater than 20,000/mL for at least 1 month before M.D. An-

derson presentation. This, our definition of AHD, had previously CR were independent of each other, ie, the patients may have been
transplanted because the doctor felt they were likely to do particu-been used for AML and was simply extended to RAEB-t and RAEB.

Because, despite a median AHD length of 5 months, the majority larly well with or particularly poorly without transplant. If such
independence does not exist, censoring should not be performedof patients who presented to us with an AHD had not had a prior bone

marrow examination, we do not know, for example, the proportion of because this would invalidate inferences based on such an analysis.23

With all regimens, courses began once the neutrophil count exceededpatients who had RAEB when they received AML-type chemother-
apy who had refractory anemia (RA)1 when their AHD began, just 1,000 and once the platelet count exceeded 100,000/mL. Recurrence

was defined by the presence of ¢5% blasts in the marrow unrelatedas we have never known the proportion of the 33% of patients with
AML and an AHD who had RAEB (or RA, RAEB-t, or AML) when to recovery of blood counts from the preceding course of chemother-

apy.21 At recurrence, patients received salvage therapies as pre-their AHD began.
Once assigned to the better or worse group, patients received the viously described.24 Approval was obtained from the Institutional

Review Board for these studies. Informed consent was providedspecific regimen being administered to that group. Ninety percent
of the AML, RAEB-t, and RAEB patients were treated within 1 according to the Declaration of Helsinki.

Statistical methods. Patient characteristics (covariates) exam-month of M.D. Anderson presentation. The presentation to treatment
interval was greater than 2 months in 1%, 3%, and 4% of the AML, ined for their effects on outcomes were diagnosis (AML, RAEB-t,

or RAEB), pretreatment age, hemoglobin level, WBC count, plateletRAEB-t, and RAEB patients, respectively. For the better prognosis
group, induction treatment was idarubicin / high-dose ara-C (I / count, percentage of bone marrow blasts and cellularity, performance

status, length of AHD, cytogenetics, bilirubin level, albumin level,A) from January 1991 to January 1992, fludarabine / high-dose
ara-C (F / A) from then until July 1992, F / A / G-CSF (FLAG) and creatinine level. We also examined the effects of treatment in

an LAFR and the treatment regimen administered.from July 1992 until June 1993, and I / A / G-CSF (I / A / G)
for the next 2 years. Regimens for the worse prognosis group were Differences in patient characteristics between treatment groups

were assessed using the Fisher exact test and its generalizations forF / A from January 1991 to March 1992, FLAG from then until
July 1993, and FLAG / idarubicin (FLAG / ida) from then until categorical variables and the Kruskal-Wallis test for quantitative

variables. Analyses of event-free survival (EFS) from start of treat-May 1995. I / A consisted of 12 mg/m2 idarubicin intravenously
(IV) on days 1, 2, and 3 and 1.5 g/m2 ara-C per day on days 1 ment (EFS from start of Rx), of EFS from time of CR, and of

survival from start of treatment were performed using Kaplan-Meierthrough 4 by continuous IV infusion. I / A / G was identical
except for the addition of 400 mg/m2 G-CSF IV or subcutaneously plots, log rank tests, and their generalizations.25-28 For the EFS from

start of Rx analysis, the event was (1) being taken off-study because(SC) daily on days 01 through /8. In F / A, the dose of fludarabine
was 30 mg/m2 IV and that of ara-C was 2 g/m2 IV daily on days 1 of failure to enter CR, (2) disease recurrence, or (3) death. For the

EFS from CR analysis, the event was disease recurrence or death.through 5. FLAG included 400 mg/m2 G-CSF IV or SC daily from
day01 until complete remission (CR). FLAG/ ida added idarubicin The Cox proportional hazards regression model29 and its generaliza-

tions28,30 were used to assess the ability of patient covariates toat 12 mg/m2 IV on days 2, 3, and 4, administered fludarabine and
ara-C on days 1 through 4 only, and administered G-CSF on days predict EFS from start of Rx, EFS from CR, and survival. Logistic

regression was used to assess the ability of these covariates to predict01 through /8. Patients with a WBC count greater than 50,000/
mL who were assigned to G-CSF–containing regimens began the the probability of CR. To obtain each multivariate Cox or logistic

regression model, each covariate was first evaluated individuallycytokine on the same day as chemotherapy rather than 1 day before.
Patients received treatment in a laminar air flow room (LAFR) when- in a univariate regression model and transformed as appropriate.

Variables that were predictive with Põ .05 were allowed to competeever such a room was available, with preference being given to
patients 50 years of age and older. All patients received oral fluco- for inclusion in the multivariate model. Variables not significant at

P value cutoff .05 were eliminated from the model using a stepwisenazole plus oral trimethoprim/sulfamethoxasole to prevent infection.
Patients who had persistent disease (ú20% blasts in a marrow that backward algorithim. As a final step, each individual variable that

had been deleted was allowed to re-enter the model if its P valuewas ¢20% cellular in AML or RAEB-t, ú5% blasts in a similarly
cellular marrow in RAEB) 14 and 21 days after the start of chemo- was õ.05 when assessed together with the variables remaining in

the model.therapy without improvement between these dates received a second
course identical to the first. The same criteria, in two consecutive Together with these conventional techniques, we also used several

methods that have appeared only recently in the statistical literature.marrow samples, were used for starting a second course in patients
whose marrow had decreased blasts or was less than 20% cellular Martingale and partial residual plots31-33 were used to determine

graphically the form of the relationship between each potential prog-on days 14 or 21 but in whom disease reappeared. We defined CR
as a marrow sample with less than 5% blasts and a blood sample with nostic factor and outcome. For example, these methods show that

the risk of relapse, death, or failure to enter CR increases sharplymore than 1,000 granulocytes and 100,000 platelets/mL. Patients not
in CR after two courses of therapy were removed from study and as the length of AHD increases from 0 (ie, no AHD) and then

plateaus at length of AHD equal to 10 to 20 weeks (Fig 1). Weoffered other therapies. Once in CR, patients in the better group
received therapy for 12 months. Those in the worse group were modeled this effect by transforming the variable [length of AHD]

to [length of AHD]/[1 / length of AHD]. The Grambsch-Therneautreated for 6 months from time of CR. Postremission therapy con-
sisted of lower daily doses and lower doses per course of the regi- test34 and corresponding graphical method was used to determine

whether the effect of a prognostic factor (eg, age) on EFS or survivalmens used during induction. Patients receiving IAG, FLAG, or
FLAG / ida received 400 mg/m2 G-CSF SC daily during and for was constant as time elapsed from start of treatment (as assumed in

the usual Cox model) or, rather, varied as time elapsed (eg, if, as3 days after the completion of each course of chemotherapy. Al-
though the intent was to transplant only at relapse, 9 patients (6 might be suspected clinically, age is primarily a predictor of early
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EFFECT OF AML VERSUS MDS ON AML-TYPE CHEMOTHERAPY 2971

Fig 1. Estimated relative risk
of an event versus length of AHD
(measured in months). Events
are death, failure to achieve CR,
or recurrence after CR. Relative
risk if no AHD defined as 1.0.
Dashed lines show 95% confi-
dence limits.

but not late death). If a time-varying effect is present, this analysis Anderson presentation) in 54% of the RAEB patients and
shows the nature and the duration of the effect. Taken together, 50% of the RAEB-t patients, but in only 33% of the AML
these methods provide a greatly improved fit of the statistical model patients (P õ .001). Table 2 compares the lengths of the
to the data, thus allowing, for example, a better estimate of the effect AHDs in the AML, RAEB-t, and RAEB groups. The longest
of diagnosis on outcome after adjusting for the effects of other AHDs occurred in the AML and RAEB-t groups. However,
prognostic factors. All computations were performed on a DEC

among patients with AHDs, there were no differences inAlpha 2100 5/250 system computer (Digital Electronics Corp,
AHD length between the three groups (P Å .77 RAEB vNashua, NH) in StatXact (Cytel Software Corp, Cambridge, MA)
AML, P Å .66 RAEB-t v AML, P Å .60 RAEB v RAEB-or Splus,35 using both standard Splus functions and the Splus survival
t). Thus, the AML, RAEB-t, and RAEB groups differed inanalysis package of Therneau.30

the proportion of patients who had an AHD but not in the
RESULTS duration of these AHDs. Using the system devised to assign

patients to treatment (described in the Patients and Methods),Patient characteristics (Tables 1 and 2). The median
63% of the RAEB, 50% of the RAEB-t, and 40% of theage for all 530 patients was 59 years, with a tendency for
AML patients were considered poor prognosis. Reflectingthe RAEB patients to be, on average, 3 to 4 years older (P
the preponderance of poor prognosis patients in the RAEBÅ .06). Neither pretreatment hemoglobin level (P Å .39) nor
and RAEB-t groups and the assignment of poor prognosisplatelet count (P Å .21) differed among the AML, RAEB-
patients exclusively to F / A, FLAG, or FLAG / ida,t, and RAEB groups. The RAEB patients had a median
the RAEB and RAEB-t patients more often received theseplatelet count of 36,000/mL and a median hemoglobin level
regimens (Table 1).of 8.1 g. Only 25% had a normal karyotype. Using the new

Univariate analyses. The CR rate was 62% (32/52) inInternational Scoring System,18 80% of the RAEB patients
patients with RAEB, 66% (70/106) in patients with RAEB-had a score of intermediate-2 or high, associated with median
t, and 66% (247/372) in patients with AML (P Å .79). Cyto-survival times of 0.3 to 1.8 years.
genetic abnormalities could not be detected at CR in 14 ofThe major differences between the AML, RAEB-t, and
the 16 RAEB patients (88%), 11 of the 14 RAEB-t patientsRAEB groups involved cytogenetics and AHD status.
(77%), and 59 of the 73 AML patients (81%) who presentedWhereas 9% of the AML patients had the prognostically
with abnormalities and in whom analysis was repeated atfavorable inv(16) or t(8;21) abnormalities, these were less
CR (PÅ .85). Once in CR the probability of EFS was similarfrequent in the RAEB-t patients (4%) and nonexistent in
in AML and RAEB-t but lower in RAEB (Fig 2). The samethose with RAEB. As described below, analysis of the 530
was true if EFS was measured from start of treatment (Fig 3).patients presented here indicated that complex abnormalities
Likewise, survival from start of treatment appeared shorter ininvolving chromosomes 5 and/or 7 were associated with the
RAEB than in AML or RAEB-t, with AML and RAEB-tworst outcomes. These abnormalities were more frequent in
having similar survival probabilities (P Å .017 comparingRAEB-t (17%) and particularly in RAEB (35%) than in
RAEB to RAEB / AML, with the curves very similar toAML (11%) (Põ .001). An AHD was present (ie, an abnor-

mal blood count had existed for ¢1 month before M.D. those in Fig 3).
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Table 1. Patient Characteristics

AML RAEB-t RAEB
Variable (N Å 372) (N Å 106) (N Å 52) P Value†

Age 58 (16-87) 59 (18-88) 63 (30-82) .055
Hg 8.4 (2.8-14.4) 8.1 (3.3-14.7) 8.2 (6.5-12.5) .393
WBC 15.9 (.4-367.2) 5.7 (.2-89.7) 4.6 (.7-92.7) õ.001
PLT 44.0 (2-835) 43.5 (1-471) 36.0 (4-191) .208
PS ú 2 57 (15.3%) 17 (16.0%) 2 (3.9%) .051
AHD 124 (33.3%) 53 (50.0%) 28 (53.9%) õ.001
inv (16) or t(8;21) 35 (9.4%) 4 (3.8%) 0 (0%) õ.001
Complex abnormality of chromosomes 5 and/or 7 41 (11.0%) 18 (17.0%) 18 (34.6%)
Other abnormal cytogenetics or IM 187 (50.3%) 45 (42.5%) 21 (40.4%)
Normal karyotype 109 (29.3%) 39 (36.8%) 13 (25.0%)
LAFR 198 (53.2%) 71 (67.0%) 39 (75%) .0013
I / A 61 (16.4%) 17 (16.0%) 0 (0%) õ.001
I / A / G 109 (29.3%) 24 (22.6%) 10 (19.2%)
F / A 53 (14.3%) 21 (19.8%) 4 (7.7%)
FLAG 89 (23.9%) 23 (21.7%) 21 (40.4%)
FLAG / Ida 60 (16.1%) 21 (19.8%) 17 (32.7%)

All measurements are pretreatment. Values are medians with ranges for quantitative variables and counts with percentages for categorical
variables.

Abbreviations: Hg, hemoglobin; WBC, white blood count; PLT, platelet count; PS, Zubrod performance status; AHD, antecedent hematologic
disorder (see text); inv (16), pericentric inversion of chromosome 16; t(8;21), 8, 21 translocation; IM, insufficient metaphases for cytogenetic
analysis; LAFR, laminar air flow room; I / A, I / A / G, F / A, FLAG, and FLAG / Ida are treatments described in text.

† Kruskal-Wallis test for quantitative variables, generalized Fisher exact test for categorical variables.

Other factors besides diagnosis were predictive of out- abnormalities involving 05, 5q0,07, or 7q0, with the latter
come. These are given for CR, EFS from CR, and EFS from patients more closely resembling those with abnormalities
start of Rx in Tables 3, 4, and 5, respectively. The factors other than inv16 or t(8;21). Whereas in past analyses the
predictive of survival were essentially the same as those cutpoint for AHD was assumed to be ¢1 month as reflected
predictive of EFS from start of Rx. For the categorical vari- in the treatment assignment scheme, here we used martingale
ables in the tables (cytogenetics, performance status, LAFR, and partial residual plots to more closely examine the rela-
treatment regimen, and diagnosis), the univariate P values tionship between AHD and outcome. Considering all 530
refer to comparisons of a given subgroup with all other patients, the risk of shorter EFS from either start of Rx or
relevant subgroups, eg, [inv16 or t(8;21)] v [complex 05, from CR increased sharply as length of AHD increased from
07] / [other abnormal] / [normal karyotype]. As in previ- 0 (ie, no AHD) up to a plateau at an AHD length of 10 to
ous analyses, the principal predictors of outcome were cyto- 20 months, beyond which longer AHDs conferred the same
genetics [normal karyotype, and in particular inv16 or risk. Figure 1 shows this for EFS from start of Rx. Similarly,
t(8;21); favorable], an AHD (unfavorable), increasing age

the probability of achieving CR decreased with increasing
(unfavorable), poor performance status (unfavorable), and

length of AHD, although there was no plateau for this effect.
treatment in an LAFR (favorable). A few elaborations from

In particular, there was no cutpoint for AHD in terms of itsthese prior analyses will be noted. The 4-group cytogenetic
effect on any outcome, and we took this into account in theclassification seen in the tables differs from that used to
multivariate analyses, as described below. Considering theassign patients to treatment and reflects the finding that the
individual diagnoses, increasing length of AHD was found77 patients with complex abnormalities (¢2 clones) involv-
to be predictive of CR, EFS from CR, and EFS from starting 05, 5q0, 07, or 7q0 had worse outcomes (eg, P Å .002
of Rx in AML, RAEB-t, but not RAEB (eg, P values offor EFS from start Rx) than the 59 patients with simple
õ.001, .02, and .58, respectively, for the 3 groups with
regard to EFS from start of Rx). Finally, several variables
(indicated in Tables 4 and 5) were best described by notingTable 2. Antecedent Hematologic Disorders
that their effects on EFS varied with time. For example,in AML, RAEB-t, and RAEB Groups
treatment in an LAFR was favorable for EFS from start of

AML RAEB-t RAEB
Rx for only the first 8 weeks after treatment began, indicating(N Å 372) (N Å 106) (N Å 52)

only an effect on early death. In contrast, the effect of com-Patients with AHD 124 (33.3%) 53 (50.0%) 28 (53.9%)
plex abnormalities of chromosomes 5 and/or 7 on EFS fromLength of AHD (mo)*
start of Rx increased continuously with time from treatment,Median 5.0 4.0 5.5

Mean 18.0 11.3 6.8 probably reflecting more of an effect on resistance to therapy
Range 1-402 1-100 1-32 than on early death.

Treatment regimen was also predictive of outcome. In* Among patients with AHDs.
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Fig 2. Probability of EFS
dated from time of CR in AML,
RAEB-t, and RAEB groups. Log
rank P value ! .017 for compari-
son of RAEB versus RAEB-t "
AML. There have been 167
events in the AML group (n !

247), 45 in the RAEB-t group (n
! 70), and 25 in the RAEB group
(n ! 32). Median follow-up for
patients alive in CR ! 2.2 years.

general, IA and IA / G were associated with the best out- RAEB-t, and RAEB) that differed from those produced by
that regimen in all patients.comes, FLAG with an intermediate outcome, and F / A and

FLAG / ida with the worst outcomes (Tables 3, 4, and 5), Multivariate analyses. Multivariate analyses were per-
formed to determine whether the seemingly poorer EFS (Figsalthough whether this reflected the preponderance of patients

with unfavorable cytogenetics or an AHD receiving these 2 and 3 and Tables 4 and 5) and survival seen in patients
with RAEB were a result of this diagnosis or, rather, reflectedregimens awaited results of the multivariate analyses de-

scribed below. There was no evidence that a particular regi- the association of RAEB with such unfavorable prognostic
indicators as complex abnormalities involving chromosomesmen produced results in a particular diagnosis (AML,

Fig 3. Probability of EFS
dated from start of treatment in
AML, RAEB-t, and RAEB groups.
Log rank P value ! .047 for com-
parison of RAEB versus RAEB-t
" AML. There have been 289
events in the AML group (n !

372), 81 in the RAEB-t group (n
! 106), and 45 in the RAEB group
(n ! 52). Median follow-up for
patients alive in CR ! 2.3 years.
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Table 3. CR Analyses able for CR and EFS from start of Rx, respectively). The
tables also indicate that, after accounting for these predictors,Univariate Multivariate

Variable CR Rate P Value* P Value there was no evidence that diagnosis (AML, RAEB-t, or
RAEB) was relevant for CR, EFS from CR, or EFS from startinv16 or t(8;21) 37/39 (95%) õ.001 .008
Rx. The same was true for survival. There was a tendency forComplex 05, 07 35/77 (45%) õ.001 .008

Other abnormal 160/253 (63%) .23 NS EFS from start of Rx to be longer in RAEB-t than in AML
or IM or RAEB (multivariate P value of .08; relative risk, 0.80;

Normal karyotype 117/161 (73%) .027 — 95% confidence interval [CI] for this risk, 0.62 to 1.03), but
PS ° 2 321/454 (71%) õ.001 õ.001 for the other outcomes the multivariate P values for RAEB
PS ú 2 28/96 (37%) — or RAEB-t were all ú.10. Finally, we conducted a separate
LAFR 273/308 (72%) õ.001 õ.001 multivariate analysis in which we replaced the cytogenetics
No LAFR 126/222 (57%) —

and AHD variables shown in Tables 3, 4, and 5 with a singleIA 64/78 (82%) õ.001 —
variable denoting the treatment assignment group (better orIA / G 107/143 (75%) .007 NS
worse) given to the patient at start of treatment (as describedF / A 43/78 (55%) .033 NS
in the Patients and Methods). This analysis indicated thatFLAG 86/133 (65%) .739 NS

FLAG / Ida 49/98 (50%) õ.001 .034 the treatment assignment variable was strongly predictive of
RAEB 32/52 (62%) .49 NS outcome and that, given this variable, the patient’s diagnosis
RAEB-t 70/106 (66%) .96 NS was of no predictive value whatsoever (P Å .29). This is
AML 247/372 (66%) .68 — completely consistent with the results in Tables 3, 4, and 5.
Age Decreases with increasing õ.001 .028

age DISCUSSION
AHD Decreases with increasing õ.001 õ.001

In current medical practice, RAEB-t, and in particularlength of AHD
RAEB, are treated with AML Rx less frequently than isAbbreviation: NS, not significant.
AML. However, with current management, the prognosis of* x2 test.
RAEB-t, and even RAEB if accompanied by characteristics
such as abnormal cytogenetics or cytopenias, more closely

5 and/or 7 (Table 1). Tables 3, 4, and 5 indicate the factors resembles that of untreated AML than that of an indolent
that multivariate analyses found associated with, respec- MDS.13-18 This led us to treat RAEB or RAEB-t using the
tively, CR, EFS from CR, and EFS from start of Rx, with the same plan used to treat AML, including use of investiga-
analysis of survival (not shown) again essentially identical to tional regimens (F / A, FLAG, and FLAG / Ida) for pa-
that for EFS from start of Rx. For each categorical variable tients with characteristics (cytogenetics and AHD) associated
in the tables (cytogenetics, performance status, LAFR, treat-
ment regimen, and diagnosis), it is necessary to designate a
reference group to fit the statistical model.36 In the tables,

Table 4. Analyses of EFS From Date of CR
the reference group for each variable is denoted by a dash

Univariate Multivariatein the final column, eg, normal karyotype is the reference
Variable Median EFS* (95% CI) P Value† P Value

group for cytogenetics. The multivariate P value in each row
inv16 or t(8;21) None [62, 0] .086 NScorresponds to comparison of the subgroup in that row to
Complex 05, 07 20 [14, 24] õ.001 õ.001this reference group. For example, the comparison of [inv16
Other abnormal 41 [34, 51] õ.001 õ.001or t(8;21)] to [normal karyotype] has a P value of .008 for

or IM
CR (Table 3). The choice of the reference group does not Normal karyotype 83 [70, 129] õ.001 —
affect the conclusions.36 Reflecting the shape of the AHD PS ° 2 55 [43, 63] .006 .005
effect shown by graphical methods (Fig 1), we used the term PS ú 2 24.5 [16, 75] —
[length of AHD]/[1 / length of AHD] in the multivariate IA 70 [48, 127] .13 —

IA / G 79 [63, 99] .008 NSanalyses rather than using a simple yes or no indicator for
F / A 27 [19, 61] .022 NSAHD. As seen in Tables 3, 4, and 5, these analyses indicated
FLAG 42 [30, 63] .27 NSthat the predictors of outcome, each independent of the other
FLAG / Ida 36 [27, 43] .001 NSpredictors, were complex 05/07 (highly unfavorable for all
RAEB 22.5 [18-87] .017 NSthree outcomes), other cytogenetic abnormalities (unfavor-
RAEB-t 55 [36-77] .78 NSable for EFS from CR, and EFS from start of Rx), inv16 or
AML 55 [43-68] .26 —

t(8;21) (favorable for CR and EFS from start of Rx), increas- Age Decreases with increasing õ.001 .033
ing length of AHD (unfavorable for all 3 outcomes with a age, effect disappears
plateau at an AHD length of 10 to 20 months for the EFS by 40 wk post-CR
outcomes), increasing age and Zubrod performance status AHD Decreases with length of õ.001 .017

AHD up to plateau at(PS) ú2 (unfavorable for all 3 outcomes with the effects on
AHD of 10-20 moEFS decreasing as time elapsed from start of treatment),

treatment in an LAFR (favorable for CR and EFS from start Abbreviation: NS, not significant.
of Rx with the effect on the latter present for only the first * EFS measured in weeks.

† Log-rank test.8 weeks), and treatment with FLAG/ ida or F/A (unfavor-
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Table 5. Analyses of EFS From Start of Treatment

Univariate Multivariate
Variable Median EFS* (95% CI) P Value† P Value Comment

inv16 or t(8;21) None [65, 0] .003 .029 Unfavorable effect complex 05, 07 increases with time
Complex 05, 07 10 [8, 15] õ.001 õ.001
Other abnormal or IM 24 [17, 32] õ.001 .002
Normal karyotype 46 [30, 76] õ.001 —
PS ° 2 31 [27, 37] õ.001 õ.001 Unfavorable effect PS ú 2 levels off by 12 weeks
PS ú 2 4 [2, 10] —
LAFR 31 [27, 41] õ.001 .003 LAFR favorable only for initial 8 weeks
No LAFR 17 [11, 24] —
IA 52 [37, 81] .003 — Unfavorable effect F / A disappears by 32 weeks
IA / G 57 [33, 76] õ.001 NS
F / A 12 [10, 28] .015 .05
FLAG 23 [15, 31] .24 NS
FLAG / Ida 14.5 [12, 21] õ.001 NS
RAEB 18 [13, 26] .047 NS
RAEB-t 30 [21, 46] .59 NS (.081)
AML 29 [22, 35] .48 —
Age Decreases with increasing age õ.001 .001 Unfavorable effect increasing age disappears by 40 wk

from start of treatment
AHD Decreases with length of AHD õ.001 õ.001

up to plateau at AHD of 10-
20 mo

Abbreviation: NS, not significant.
* EFS measured in weeks.
† Log-rank test.

with poor response to usual AML Rx. Likely as a result pected in AML. The association between RAEB-t and favorable
karyotypes [inv16, t(8;21)] has been reported.43 The 4% of ourof physicians’ tendencies to refer such patients, the RAEB

patients we treated certainly appeared to have in general patients with RAEB-t who had inv(16) or t(8;21) may reflect a
true overlap between AML and RAEB-t. Alternatively, thesehad a poor prognosis, as defined for example by the new

International System.18 The purpose of the analysis reported patients may simply have presented relatively early, or their blast
percentage may have been underestimated, leading to a diagnosishere was to determine if diagnosis (AML, RAEB-t, or

RAEB) affected outcome of AML Rx. The principal findings of RAEB-t, rather than AML, in any case indicating the difficul-
ties inherent in distinguishing AML and RAEB-t.are (1) AML Rx produced a CR rate of about 60% in RAEB,

although the remissions were usually brief, with EFS from Although the literature suggests that similar prognostic
features appear operative in AML, RAEB-t, and perhapsCR, EFS from start Rx, and survival seemingly shorter in

RAEB than in RAEB-t or AML (Figs 1 and 2); (2) this RAEB, the question of whether a diagnosis of AML rather
than RAEB-t or especially RAEB is itself prognostic hasseeming association between a diagnosis of RAEB, rather

than AML or RAEB-t, and lower probabilities of EFS or received comparatively little attention. Rather, many AML
studies have at least historically simply excluded patientssurvival was entirely due to the association between RAEB

and poor prognostic features particularly complex abnormal- with RAEB or RAEB-t.5-12 Although not presenting a multi-
variate analysis and using definitions of RAEB, RAEB-t,ities of chromosomes 5 and/or 7 (Tables 4 and 5); and (3)

although a diagnosis of RAEB-t rather than AML or RAEB and chronic myelomonocytic leukemia (CMML) at some
variance with today’s FAB definitions, Mertelsmann et al37tended to have a favorable effect on probability of EFS from
noted that Auer rods were a better predictor of outcomestart Rx, the P values were marginal and there were no
(present Å favorable) than diagnosis of MDS versus AMLeffects on EFS from CR or achievement of CR.
types M0, M1, or M5a. Reviewing experience on sixAlthough not documented to be common practice, AML-type
CALGB protocols operative between 1984 and 1992 andchemotherapy has been used in RAEB, and especially in RAEB-
intended exclusively for patients with AML, Bernstein ett, for 15 to 20 years.37-42 CR rates average 50% to 60%, with
al44 reported that central pathology review led to a reclassifi-median remissions of 7 to 11 months, with most of the responses
cation of diagnosis in 33 of 907 cases of presumed AML.occurring in RAEB-t. The variability in different series, eg, CR
Twenty-five met FAB criteria for RAEB-t, 7 for RAEB, andrates ranging from 20%38 to 65%,40 is more than can be explained
1 for RA. CR rate and duration and survival were similar inby random fluctuation due to small sample sizes. In fact, this
the AML and MDS groups. Our report differs from that ofvariability is largely due to differences in characteristics such as
Bernstein et al44 in its prospective nature, ie, our intent wasage, cytogenetics, etc, all of which are also prognostic in AML.
to treat poor prognosis RAEB and RAEB-t–like AML. Bern-For example, Fenaux et al41 noted that their RAEB and mostly
stein et al44 included, whereas we excluded, for reasons notedRAEB-t patients whose remissions exceeded 2 years were young

with normal karyotypes. Similar results would of course be ex- in the Patients and Methods, patients with APL from analy-
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Operative Group: Proposals for the classification of the myelodys-sis. APL patients constituted 8% of the patients in the series
plastic syndromes. Br J Haematol 51:189, 1982of Bernstein et al.44 The regimens given patients in the two

2. Hirst WJR, Mufti GJ: Management of myelodysplastic syn-series differed, and obviously the number of cases of MDS
dromes. Br J Haematol 84:191, 1993

relative to the number with AML is higher in our series.
3. Estey E: Treatment of acute myelogenous leukemia and myelo-

However, perhaps the major difference was that, whereas dysplastic syndromes. Semin Hematol 32:132, 1995
the CALGB eligibility criteria excluded patients with an 4. Hast R, Hellstrom E: Therapeutic aspects of myelodysplastic
AHD, ours did not (AHD was identically defined by us and syndromes in chronic phase. Leuk Res 16:95, 1992

5. Weick JK, Kopecky KJ, Appelbaum FR, Head DR, Kingsburythe CALGB). Indeed, 51% of our RAEB-t and RAEB pa-
LL, Balcerzak SP, Bickers JN, Hynes HE, Welborn JL, Simon SR,tients and 33% of our AML patients had an AHD, although,
Grever M: A randomized investigation of high-dose versus standard-among patients with an AHD, AHD lengths were similar in
dose cytosine arabinoside with daunorubicin in patients with pre-AML, RAEB-t, and RAEB (Table 2). This report may be
viously untreated acute myeloid leukemia: A Southwest Oncology

one of the first to formally examine the relationship between Group Study. Blood 88:2841, 1996
outcome and AHD. Our results indicate that AHD behaves 6. Head D, Kopecky KJ, Weick J, Files JC, Ryan D, Foucar K,
as a continuous variable, with outcome becoming worse as Montiel M, Bickers J, Fishleder A, Miller M, Spier C, Hanson C,
AHD length increases from 0, with a plateau effect at 10 to Bitter M, Braziel R, Mills G, Welborn J, Williams W, Hewlett J,

Willman C, Appelbaum FR: Effect of aggressive daunomycin ther-20 months AHD for the EFS from CR and the EFS from
apy on survival in acute promyelocytic leukemia. Blood 86:1717,start Rx outcomes. Thus, AHD does not behave in an all-
1995or-none fashion with an arbitrary cutpoint, as is frequently

7. Mayer RJ, Davis RB, Schiffer CA, Berg DT, Powell BL, Schul-assumed in protocol eligibility criteria or, in our case, treat-
man P, Omura GA, Moore JO, McIntyre OR, Frei E III, for the

ment assignment systems. At any rate, the patients described Cancer and Leukemia Group B: Intensive postremission chemother-
here and the patients treated by Bernstein et al44 appear quite apy in adults with acute myeloid leukemia. N Engl J Med 331:896,
different. It is thus of interest that the conclusions of both 1994
reports are fundamentally the same. 8. Cassileth PA, Lynch E, Hines JD, Oken MM, Mazza JJ, Ben-

nett JM, McGlave PB, Edelstein M, Harrington DP, O’Connell MJ:We would be remiss if we did not point out that our treatment
Varying intensity of postremission therapy in acute myeloid leuke-results in RAEB or RAEB-t were not good (eg, Figs 2 and 3).
mia. Blood 79:1924, 1992In fact, our multivariate analyses suggest that F/A and FLAG

9. Kobayashi T, Miyawaki S, Tanimoto M, Kuriyama K, Mura-/ Ida (but not FLAG) were worse than the non–fludarabine-
kami H, Yoshida M, Minami S, Minato MK, Tsubaki K, Ohmoto

containing regimens (Tables 3, 4, and 5). Using our results, E, Oh O, Jinnai I, Sakamaki H, Hiraoka A, Kanamaru A, Takahashi
one could argue that use of AML Rx in RAEB or RAEB-t is I, Saito K, Naoe T, Yamada O, Asou N, Kageyama S, Emi N,
not indicated. Indeed, survival was the same (P Å .418) in the Matsuoka A, Tomonaga M, Saito H, Ueda R, Ohno R, for the Japan

Adult Leukemia Study Group: Randomized trials between behenoyl52 RAEB patients receiving AML Rx and in the 60 patients
cytarabine and cytarabine in combination induction and consolida-with RAEB seen here between 1985 and 1991, all of whom
tion therapy, and with or without ubenimex after maintenance/inten-received AML Rx only if they developed AML (14 of the 60
sification therapy in adult acute myeloid leukemia. J Clin Oncolpatients). However, our data indicate that, if one argues against
14:204, 1996

use of AML Rx in RAEB or RAEB-t, the same argument 10. Zittoun RA, Mandelli F, Willemze R, De Witte T, Labar B,
should then be made for AML, given that, in the absence of Resegotti L, Leoni F, Damasio E, Visani G, Papa G, Caronia F,
treatment, the natural history of RAEB-t and the RAEB patients Hayat M, Stryckmans P, Rotoli B, Leoni P, Peetermans ME, Dar-
we treated is more reminiscent of AML than of an indolent denne M, Vegna ML, Petti MC, Solbu G, Suciu S, for the European

Organization for Research and Treatment of Cancer (EORTC) andmyelodysplastic syndrome. Obviously there are more indolent
the Gruppo Italiano Malattie Ematologiche Maligne Dell’Adultotypes of RAEB as recognized by many prognostic factor sys-
(GIMEMA) Leukemia Cooperative Groups: Autologous or alloge-tems, including the new International System,14-18 and we would
neic bone marrow transplantation compared with intensive chemo-argue against giving these patients AML Rx. However, in
therapy in acute myelogenous leukemia. N Engl J Med 332:217,

RAEB-t and aggressive RAEB, we believe that deterrents to 1995
AML Rx could include cytogenetics, AHD status, age, etc, as 11. Mitus AJ, Miller KB, Schenkein DP, Ryan HF, Parsons SK,
indicated in Tables 3, 4, and 5, but not a diagnosis of RAEB Wheeler C, Antin JH: Improved survival for patients with acute
or RAEB-t per se. Furthermore, these deterrents could be con- myelogenous leukemia. J Clin Oncol 13:560, 1995

12. Berman E, Heller G, Santorsa JA, McKenzie S, Gee T, Kem-sidered to apply only if the patient were to receive standard
pin S, Gulati S, Andreeff M, Kolitz J, Gabrilove J, Reich L, Mayerrather than investigational AML Rx. We hope that our experi-
K, Keefe D, Trainor K, Schluger A, Penenberg D, Raymond V,ence indicating that AML Rx can produce CRs in RAEB en-
O’Reilly R, Jhanwar S, Young C, Clarkson B: Results of a random-courages the use of new regimens in carefully selected patients
ized trial comparing idarubicin and cytosine arabinoside with dau-

with this condition, as well as in patients with RAEB-t. norubicin and cytosine arabinoside in adult patients with newly diag-
nosed acute myelogenous leukemia. Blood 77:1666, 1991

ACKNOWLEDGMENT
13. Freireich EJ, Gehan EA, Sulman D, Boggs DR, Frei E III:

The authors thank Soon Woo for expert secretarial assistance. The effect of chemotherapy on acute leukemia in the human. J Chron
Dis 14:593, 1961

REFERENCES 14. Morel P, Hebbar M, Lai JL, Duhamel A, Preudhomme C,
Wattel E, Bauters F, Fenaux P: Cytogenetic analysis has strong1. Bennett JM, Catovsky D, Daniel MT, Flandrin G, Galton DAG,

Gralnick HR, Sultan C, The French-American-British (FAB) Co- independent prognostic value in de novo myelodysplastic syndromes

AID Blood 0033 / 5h3f$$$641 09-11-97 18:51:06 blda WBS: Blood

D
ow

nloaded from
 http://ashpublications.net/blood/article-pdf/90/8/2969/1415217/2969.pdf by guest on 08 June 2024



EFFECT OF AML VERSUS MDS ON AML-TYPE CHEMOTHERAPY 2977

and can be incorporated in a new scoring system: A report on 408 28. Harrington D, Fleming TR: Counting Processes and Survival
Analysis. New York, NY, John Wiley and Sons, 1991cases. Leukemia 7:1315, 1993

29. Cox DR: Regression models and life tables (with discussion).15. Sanz GF, Sanz MA, Vallespi T, Canizo MC, Torrabadella M,
J R Stat Soc B 34:187, 1972Garcia S, Irriguible D, San Miguel JF: Two regression models and

30. Therneau TM: A Package for Survival Analysis in S. Roches-a scoring system for predicting survival and planning treatment in
ter, MN, Mayo Clinic Foundation, 1994myelodysplastic syndromes: A multivariate analysis of prognostic

31. Therneau TM, Grambsch PM, Fleming TR: Martingale-basedfactors in 370 patients. Blood 74:395, 1989
residuals for survival models. Biometrika 77:147, 199016. Aul C, Gattermann N, Heyll A, Germing U, Derigs G, Schnei-

32. Grambsch PM, Therneau TM: Diagnostic plots to reveal func-der W: Primary myelodysplastic syndromes: Analysis of prognostic
tional form for covariates in multiplicative intensity models. Biomet-factors in 235 patients and proposals for an improved scoring system.
rics 51:1469, 1995Leukemia 6:52, 1992

33. Cleveland WS: Robust locally-weighted regression and17. Mufti GJ, Stevens JR, Oscier DG, Hamblin TJ, Machin D:
smoothing scatterplots. J Am Stat Assoc 74:829, 1979Myelodysplastic syndromes: A scoring system with prognostic sig-

34. Grambsch PM, Therneau TM: Proportional hazards tests andnificance. Br J Haematol 59:425, 1985
diagnostics based on weighted residuals. Biometrika 81:515, 199418. Greenberg P, Cox C, LeBeau M, Fenaux P, Morel P, Sanz

35. Becker RA, Chambers JM, Wilks ARA: The New S Lan-G, Sanz M, Vallespi T, Hamblin T, Oscier D, Ohyashiki K, Toyama
guage. Wadsworth, CA, Pacific Grove, 1988K, Aul C, Mufti G, Bennett J: International scoring system for

36. Neder J, Kutner MH, Nachtsheim CJ, Wasserman W: Appliedevaluating prognosis in myelodysplastic syndromes. Blood 89:2079,
Linear Statistical Models (ed 4). Boston, MA, Irwin, 19961996

37. Mertelsmann R, Thaler HT, To L, Gee TS, McKenzie S,19. Estey E, Thall PF, Pierce S, Kantarjian H, Keating M: Treat-
Schauer P, Friedman A, Arlin Z, Cirrincione C, Clarkson B: Morpho-ment of newly-diagnosed acute promyelocytic leukemia without cy-
logical classification, response to therapy, and survival in 263 adulttosine arabinoside. J Clin Oncol 15:483, 1997
patients with acute nonlymphoblastic leukemia. Blood 56:773, 198020. Cason J, Trujillo J, Estey E, Huh Y, Freireich E, Stass S:

38. Armitage JO, Dick FR, Needleman SW, Burns CP: Effect of
Peripheral acute leukemia: High peripheral but low-marrow blast

chemotherapy for the dysmyelopoietic syndrome. Cancer Treat Rep
count. Blood 74:1758, 1989

65:601, 1981
21. Cheson BD, Cassileth PA, Head DR, Schiffer CA, Bennett

39. Tricot G, Boogaerts MA: The role of aggressive chemother-
JM, Bloomfield CD, Brunning R, Gale RP, Grever MR, Keating

apy in the treatment of the myelodysplastic syndromes. Br J Haema-
MJ, Sawitsky A, Stass S, Weinstein H, Woods WG: Report of the tol 63:477, 1986
National Cancer Institute-sponsored workshop on definitions of diag- 40. De Witte T, Muus P, De Pauw B, Haanen C: Intensive antileu-
nosis and response in acute myeloid leukemia. J Clin Oncol 8:813, kemic treatment of patients younger than 65 years with myelodys-
1990 plastic syndromes and secondary acute myelogenous leukemia. Can-

22. Estey E, Thall P, Andreeff M, Beran M, Kantarjian H, cer 66:831, 1990
O’Brien S, Escudier S, Robertson LE, Koller C, Kornblau S, Pierce 41. Fenaux P, Morel P, Rose C, Lai JL, Jouet JP, Bauters F:
S, Frireich EJ, Deisseroth A, Keating M: Use of granulocyte colony- Prognostic factors in adult de novo myelodysplastic syndromes
stimulating factor before, during, and after fludarabine plus cytara- treated by intensive chemotherapy. Br J Haematol 77:497, 1991
bine induction therapy of newly diagnosed acute myelogenous leuke- 42. Economopoulos T, Papageorgiou E, Stathakis N, Constantini-
mia or myelodysplastic syndromes: Comparison with fludarabine dou M, Parharidou A, Kostourou A, Dervenoulas J, Raptis S: Treat-
plus cytarabine without granulocyte colony-stimulating factor. J Clin ment of high risk myelodysplastic syndromes with idarubicin and
Oncol 12:671, 1994 cytosine arabinoside supported by granulocyte-macrophage colony-

23. Kalbfleisch JD, Prentice RL: The Statistical Analysis of Fail- stimulating factor (GM-CSF). Leuk Res 20:385, 1996
ure Time Data. New York, NY, John Wiley and Sons, 1980, p 120 43. Estey E, Trujillo JM, Cork A, O’Brien S, Beran M, Kantarjian

24. Estey E: Treatment of refractory AML. Leukemia 10:932, H, Keating M, Freireich EJ, Stass S: AML-associated cytogenetic
1996 abnormalities (inv(16), del(16), t(8;21)) in patients with myelodys-

25. Kaplan EL, Meier P: Nonparametric estimation from incom- plastic syndromes. Hematol Pathol 6:43, 1992
plete observations. J Am Stat Assoc 53:457, 1958 44. Bernstein SH, Brunetto VL, Davey FR, Wurster-Hill D,

26. Mantel N: Evaluation of survival data and two new rank order Mayer RJ, Stone RM, Schiffer CA, Bloomfield CD: Acute myeloid
statistics arising in its consideration. Cancer Chemother Rep 50:163, leukemia-type chemotherapy for newly diagnosed patients without
1966 antecedent cytopenias having myelodysplastic syndrome as defined

27. Harrington D, Fleming TR: A class of rank test procedures by French-American-British Criteria: A Cancer and Leukemia Group
B study. J Clin Oncol 14:2486, 1996for censored survival data. Biometrika 69:133, 1982

AID Blood 0033 / 5h3f$$$641 09-11-97 18:51:06 blda WBS: Blood

D
ow

nloaded from
 http://ashpublications.net/blood/article-pdf/90/8/2969/1415217/2969.pdf by guest on 08 June 2024


