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ABSTRACT

The association between nonleukemic death and various features re
corded at presentation in patients with refractory anemia (RA), RA with
ring sideroblasts, and RA with excess of blasts was analyzed in 251
patients using the proportional hazards model. Features associated with
higher nonleukemic death rates were: 1% or more metantyelocytes in
peripheral blood (PB); lower 59Fe incorporation rate; 1% or more blasts

in PB; lower hematocrit or hemoglobin; presence of giant platelets; l Â«ig/
liter or higher serum vitamin BIÂ»levels; higher periodic acid-Schiff
positive erythroblasts; and 1% or higher promyelocytes in PB. Mult Â¡var
iale analysis was also performed using the following predictor variables:
metamyelocytes in PB, micromegakaryocytes, hemoglobin, giant plate
lets, presence or absence of RA with excess of blasts, and mononuclear
large megakaryocytes. Patients were divided arbitrarily into low (hazard
ratio, <0.55), intermediate (hazard ratio, 0.55-1.5), and high (hazard
ratio, >l .5) risk groups. The cumulative nonleukemic death rates in the
high and intermediate risk groups reached a median at 602 and 1984
days from presentation, respectively, while the rate reached a plateau
level of 49.4% after 2644 days in the low risk group. The risk factors for
leukemic transformation and nonleukemic death were found to be differ
ent and to need separate consideration.

INTRODUCTION

From the proposal of the MDS3 by the French-American-

British Cooperative Group (1), it has gradually become clear
that MDS are lethal hematological disorders, irrespective of
whether they are accompanied by evolution to ANLL (2, 3).
However, the estimated survivals and leukemic transformation
rates differ considerably among subgroups of MDS, and many
features are suggested as factors associated with shorter survival
(2, 4-7) and a more rapid development of ANLL (2, 8-10).
This indicates that the probability of survival and leukemic
transformation in a particular patient can be estimated at the
time of initial presentation. For leukemic transformation, we
have already reported that subgroups with very high and very
low probabilities to be ANLL can be separated from patients
with RA, RARS, and RAEB at the time of presentation (9).
Mufti et al. described a scoring system with a prognostic sig
nificance for MDS (6). Another important aspect of prognosis
in MDS is the association of factors and nonleukemic death.
At present this remains unresolved. In this report, we focused
on this point, using the same sample population as used in the
analysis of factors influencing leukemic transformation (9).

The present study was limited to consideration of RA, RARS,
and RAEB, which are the most frequently encountered cate-
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gories of MDS, and thus provided sufficient numbers for statis
tical analyses.

MATERIALS AND METHODS

Patients. The Japanese Refractory Anemia Study Group performed
a nationwide retrospective study of potential cases of RA, RARS, and
RAEB in 1984. All patients suspected of having refractory anemias
were entered, after which the subclassification or exclusion was done
according to our criteria (9, 11). A total of 366 cases were entered.
RAEB and transformation into ANLL were diagnosed according to the
classification of the French-American-British Group (1, 12) and RARS
according to Sultan's proposal (13), i.e., 20% or more ring sideroblasts

per total erythroblasts. Those not meeting the criteria for RAEB or
RARS but showing dysplastic changes of blood cells and/or hyper- or
normocellular marrow were diagnosed as RA. Patients meeting the
criteria for both RAEB and RARS were classified as RAEB.

Since our purpose was to clarify prognostic factors for nonleukemic
death in primary cases of refractory anemias, patients suspected of
having secondary or hereditary refractory anemias were excluded. They
were: patients with former chemo- and/or radiotherapy, those younger
than 10 years, and those having malignancies at the time of presenta
tion. Based on these considerations, 104 were diagnosed as RAEB, 49
as RARS, and 111 as RA (Fig. 1).

The rather large number of exclusion was due to our policy of
entrance. Since the criteria for RA, RARS, and RAEB were complex,
all patients with anemias who could not be classified as having other
than refractory anemias were entered, to avoid bias among institutions.
The 102 excluded cases consisted of apparent misdiagnosis [RAEB in
transformations (nine), chronic myelomonocytic leukemias (four), overt
leukemia, and pure red cell aplasia]; those with primary diseases [non
hematological malignancies (two), congenital dyserythropoietic ane
mias (four), xeroderma pigmentosum, acute myelofibrosis, and autoim
mune hemolytic anemia]; those younger than 10 years (three); those
having received chemo- and/or radiotherapy (four); and those for whom
values critical for the classification of the refractory anemias were not
available, i.e., blasts in PB or BM (16), ring sideroblasts (50), and bone
marrow cellularity (five).

Statistical Methods. Our data included many variables on an ordinal
or nominal scale, and almost all variables on the interval scale did not
fit the assumption of normal distribution. Thus, we used nonparametric
methods for all of the statistical analyses. They were: (a) Kaplan-Meier
estimate (14) for cumulative nonleukemic death rate, and Kalbfleisch
and Prentice's modification of Greenwood's formula (15) for calculat

ing the confidence interval of the curves; (Â¿>)prognostic significance for
nonleukemic death was estimated using Cox's proportional hazards

model (14). For calculation of the likelihood when there are tied
observations, Oakes' asymptotic method (14) was used; (c) selection of
the best fit model in the multivariate analysis was based on Akaike's

information criterion (16).
All calculations were done using computers at Kyoto University Data

Processing Center, Educational Center for Information Processing, and
an NEC-PC9801-VM2 desk top computer.

Factors Analyzed. Features at presentation were recorded (19 cate
goric and 49 metric), when available. They were, age, sex, serum levels
of lactic dehydrogenase, total and indirect bilirubin, vitamin Bn, mur-
amidase, haptoglobin, urine muramidase, ferrokinetic findings, hema
tological findings of PB and BM, cytochemical assays, morphological
abnormalities of erythroid, granulocytic and megakaryocytic series,
karyotypic abnormalities, and in vitro bone marrow culture findings.
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In this analysis, failure time was the interval from presentation to
nonleukemic death. Leukemia-free survivors, and those showing trans
formation into ANLL, irrespective of whether they were dead or alive,
were treated as censored observations.

RESULTS

Of the 264 patients in this series, 10 were excluded from the
analysis because the date of nonleukemic death or censoring
was not known (Fig. 1). The remaining 254 patients ranged in
age from 15 to 85 years (median, 59 years). There were 166
men and 88 women. Nonleukemic death occurred in 71 pa
tients: 22 were RA, 21 were RARS, and 28 were RAEB. Among
the 254 patients, three censored patients had censoring time
shorter than the shortest failure time. These three did not affect
the nonparametric failure time analysis (Fig. 1). Thus, the
"effective" patient number in this analysis was 251.

Cumulative Nonleukemic Death Rates. Fig. 2 shows the sur
vivor functions for nonleukemic deaths and overall survivals in
RA, RARS, and RAEB, as well as the survival of the age-sex
matched general Japanese population of 1973 (17). Table 1
shows the nonleukemic death rates at 1 to 5 years.

Analysis of Individual Factors. The association, between non
leukemic death and factors, was examined by the proportional
hazards model (Table 2). Some variables of interval scale that
were distributed far away from normal distribution (e.g., meta-
myelocytes in PB) were transformed into dichotomized data, to
avoid unreasonably heavy weighing on extreme values. For
precursors of granuloid series in PB, the dividing point was set
at 1%, since more than half of the patients had percentages of
0% for all of these precursors, and the lowest consecutive cell
number counted was 100. These dichotomizations did cause
bias because the proportion of the erroneously categorized
patients was not negligible. However, the expected vector of
bias from these erroneously categorized patients is statistically
conservative. In other words, the true levels of significance for
granuloid precursors are expected to be higher than the results
shown in this report.

Multivariate Analysis. Multivariate life-table analysis was
performed on 220 patients on whom data including sex, hemo
globin, leukocyte counts, blasts, and promyelocytes in PB and
BM, metamyelocytes in PB; morphological abnormalities were
all available at the time of presentation. These factors and
subclassifications were analyzed. Some variables that had high
significance for nonleukemic death (e.g., 59Fe incorporation) in

individual analysis were not included in this analysis because
their inclusion would have markedly reduced the number of
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Fig. 2. Kaplan-Meier survivor functions for nonleukemic deaths (wide line)
and overall survivals (thin line) in RA, RARS, and RAEB. Dotted line, survivor
function of the age-sex matched general population in Japan.

Table 1 Nonleukemic death rates in RA, RARS, and RAEB

RA

RARS

RAEB"

Values1

year10.4"

(5.5-19.1)
7.0

(2.3-20.2)
19.7

(12.0-31.3)2

years17.0

(10.1-17.8)
20.1

(10.6-36.4)
43.1

(29.9-59.1)3

years26.1

(16.5-39.7)
38.4

(23.9-57.6)
58.7

(42.6-75.5)4

years32.9

(21.2-48.8)
50.5

(33.9-69.7)
63.8

(46.7-80.6)5

years48.6

(31.8-68.5)
54.6

(37.5-73.5)
63.8

(46.7-80.6),

%; numbers in parentheses, 95% confidence limits.

Table 2 Risk factors for nonleukemic death

Metamyelocytes in PB
"Fe incorporation (%)

Blasts in PB
Hematocrit
Hemoglobin
Giant platelets
Vitamin B,z
PAS* (+) erythroblasts

Promyelocytes in PBNo.

of
cases251

134
251238

249
235
177
172
251x246.4Â°

14.9
13.2
9.5
9.1
6.1
5.5
5.4
5.3Signs

associated
with

higherrisk1

% or higher
Low value
1% or higher
Low value
Low value
Positive
1 ;ig/l or higher
Higher value
1% or higher

Fig. 1. Flow diagram showing inclusion or exclusion of patients.

" Variables are listed in the order of x2 value up to x2 > 5.02 (P < 0.025;
degree of freedom = 1).

Periodic add-Schiff staining.

available observations. The actual process consisted of two
steps. First, the number of variables put into the model was
increased until no computational increase of the maximum
likelihood was obtained. Second, using the 11 variables selected
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Table 3 Formula to calculate hazard ratio Table 5 Clinical staging system for nonleukemic death in RAEB

Hazard ratio = exp(z,0,

Where
Zi = (Metamyelocytes in PBÂ°- 0.2)/0.4
z2 = (Micromegakaryocytes* - 0.47J/0.5
z, = [Hemoglobin (g/dl) - 8.0J/2.3
z. = (Giant platelets* - 0.45)/0.5
z, = (Diagnosis' - 0.37)/0.48
zÂ«= (Mononuclear large megakaryocytes* â€”0.41)/0.49

and
ÃŸ,= 0.64 Â±0.15
& = -0.50 Â±0.17
ft = -0.49 Â±0.15
04= 0.34 + 0.16
/35= 0.32 Â±0.14

_ ÃŸt= 0.30 Â±0.17
Â°1 for 1% or higher and 0 for less than 1%.
* 1 for positive and 0 for negative.
c 1 for RAEB and 0 for RA or RARS.

96 120

Fig. 3. Cumulative nonleukemic death rates for the low, intermediate, and
high risk groups.

Table 4 Clinical staging system for nonleukemic death in RA and RARS

MMC" GP MMK MLM

Range of
hemoglobin

(g/dl) for
intermediate risk*

3.1-7.8
6.0-10.7

'-3.1
'-5.9

6.4-11.0
9.2-13.9

'-6.3
4.5-9.2

13.5-'
5.9-10.6
8.7-13.4

13.8-'
t

9.1-13.8
12.0-'

Â°MMC, metamyelocytes in PB; GP, giant platelets; MMK, micromegakary-

ocytes; MLM, mononuclear large megakaryocytes.
* Patients with hemoglobin levels less than the lower limit for the intermediate

risk are considered as high risk; those with more than the upper limit are
considered as low risk.

' No lower limit for the intermediate risk.
' No upper limit for the intermediate risk.
' AH patients are high risk.

MMC"GP<1%

(-)<1%
(â€”)<1%
(â€”)<1%
(â€”)<1%

(+)<1%
(+)<1%
(+)<1%
(+)>1%

(â€”)>1%
(-)>1%

(â€”)>1%
(â€”)al%

(+)>1%
(+)>1%
(+)>1%

(+)MMK(-)H(+)(â€”

)H(+)(+)(-)(-)(+)(

+)HHWRange

of
hemoglobin

(g/dl) for
MLM intermediaterisk(-)

6.2-10.9(+)
9.0-13.7(-)
'-6.2(+)
4.3-9.0(-)
9.4-14.1(+)
12.3-'(-)
4.7-9.4(+)
7.6-12.2(-)
13.7-'(-)

9.0-13.6(+)
11.8-'(â€”

)'(+)
d(-)
12.2-'(+)

'

by the first step, all of the possible combinations were estimated.
Among the 2048 possible models, the best model was deter
mined based on Akaike's information criterion. The best model

included metamyelocytes in PB, micromegakaryocytes, hemo
globin, giant platelets, presence or absence of RAEB, and
mononuclear large megakaryocytes as predictors. Table 3 shows
the resulting formula to calculate the estimated relative hazard.
The significance level of this analysis was that the global null
hypothesis "all of the regression coefficients = 0" was aban
doned at the level of P < 0.2 x 10-'Â°.

3601

" MMC, metamyelocytes in PB; GP, giant platelets; MMK, microkaryocytes;

MLM, mononuclear large megakaryocytes.
b No lower limit for the intermediate risk.
' No upper limit for the intermediate risk.
d All patients are high risk.

According to the hazard ratio calculated from the formula in
Table 3, the patients were divided into three groups: high risk
(hazard ratio, >1.S), intermediate risk (hazard ratio, 0.55-1.5),
and low risk (hazard ratio, <0.55) groups. The high and low
risk groups contained 68 patients each, and the intermediate
risk group contained 84 patients. The cumulative nonleukemic
death rates in the high and intermediate risk groups reached a
median at 602 and 1984 days from presentation, while in the
low risk group, the rate reached a plateau level of 49.4% after
2644 days (Fig. 3).

Of the six variables in the formula, five were dichotomized
data. Thus there were 32 possible combinations of these five
variables. Tables 4 and 5 show the clinical staging system for
each of the combinations.

DISCUSSION

Analysis of individual factors revealed that 1% or more
metamyelocytes in PB is the single most important factor for
nonleukemic death. Among the eight other significant factors,
four (59Fe incorporation, hematocrit, hemoglobin, periodic
acid-Schiff positive erythroblasts) were abnormalities of eryth-
roid series, two (blasts and promyelocytes in PB) were of
granulocytic series, and one (giant platelets) was of the mega-
karyocytic series. The clinical and pathophysiological signifi
cance of vitamin B12is doubtful because of the possibility that
the agent had been prescribed for "unexplained anemia" else

where before the diagnosis of the refractory anemia was made.
The survivor functions for the overall survival initially de

creased more rapidly than those of the nonleukemic death (Fig.
2), later both curves became near parallel. This indicates that
the major determinant of survival in refractory anemias is
initially leukemic transformation, and later the nonleukemic
death becomes the almost exclusive determinant of survival.

Interestingly, none of the variables representing the abnor
malities of granulocytic or megakaryocytic series in BM were
significant for the nonleukemic death in the individual analyses.
These results differ from those of the risk factors for leukemic
transformation (9), where BM findings of blasts, promyelocytes,
and morphological abnormalities of granulocytic and megak
aryocytic series were the major factors. These findings suggest
that nonleukemic deaths and leukemic transformations are
associated with different pathophysiological processes, and that
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both risks should be considered separately. For the leukemic
transformation, we have already reported a staging system that
enables three kinds of stratification of the cases, using five
variables, presence or absence of RAEB, sex, abnormal granules
in granulocyte series cells, age, and mononuclear large megak-
aryocytes as predictors (9). The staging system for the nonleu-
kemic death is different from that of the leukemic transforma
tion. There are only two variables (presence or absence of RAEB
and mononuclear large megakaryocytes) common to both sys
tems. Further, these two had the least significance in the staging
system for nonleukemic death, while for leukemic transforma
tion, the presence or absence of RAEB was the single most
important variable. This reinforces our assumption that the
processes involved in leukemic transformation and nonleu
kemic death are partly independent. Thus a new scale for
estimating nonleukemic death seems necessary. We presented
a model for separating patients according to risk for nonleu
kemic death. Based on these considerations, a prospective study
of refractory anemias is now underway by the Japanese Refrac
tory Anemia Study Group.

We hope our staging system for nonleukemic death, along
with that for leukemic transformation, will be useful in allocat
ing patients in clinical trials and in the basic recognition of
refractory anemias.
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