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SUMMARY Diagnostic bone marrow smears from 132 patients with acute lymphoblastic leukaemia
(ALL) were stained simultaneously by the periodic acid-Schiff (PAS) reaction, and the blast cell
positivity was assessed quantitatively.
The patients fell naturally into two unequal groups: those with more than 20% PAS-positive blast

cells (44 patients) and those with less (88 patients). There was no relation between the degree of
positivity and age, sex, or presenting leucocyte count.

Actuarial survival studies showed that the group with more than 200% PAS-positive blast cells
survived longer, but that this difference assumed statistical significance only after the exclusion of
patients over 14 years old and those with high white cell counts at the time of diagnosis.

It appears that the PAS reaction can identify longer survivors among patients with ALL, but only
in the absence of features strongly associated with a poor prognosis.

A variable amount and distribution of periodic
acid-Schiff (PAS)-positive material in the blast cells
of patients with acute lymphoblastic leukaemia
(ALL) is well described (Hayhoe et al., 1964).
Attempts to correlate the pattern of reaction with
prognosis, however, have yielded a conflicting and
confusing literature. Some authors suggest that
strong PAS-positivity indicates a good prognosis
(Laurie, 1968;Vowels and Willoughby, 1973; Feldges
et al., 1974; Ascari et al., 1975) but others
claim that it has no such significance (Bennett and
Henderson 1969; Berrebi et al., 1973; Humphrey
et al., 1974; Shaw et al., 1977).

In an attempt to explain this disparity, we have
considered the possibility of a genuine PAS effect
being masked by stronger, adverse influences on
prognosis. For this reason we assembled a large
group of unselected patients with ALL, studied the
PAS pattern and survival, and reviewed this in the
light of age and white cell count at diagnosis.

Patients and methods

The patients described were seen at the Sheffield
Children's Hospital or the Sheffield Royal Infirmary
between January 1970 and January 1978. Lympho-
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blastic leukaemia was diagnosed on conventional
clinical, morphological, and cytochemical grounds,
and initially combination chemotherapy was given
according to the relevant United Kingdom Medical
Research Council therapeutic trial of the time,
whether the patients were actually in such a trial or
not.
Romanowsky-stained diagnostic bone marrow

smears were gathered together and subjected to the
PAS reaction according to the method described
by Hayhoe et al. (1960). All were so treated in one
batch on the same day with one collection of
freshly prepared reagents.
Two observers assessed the PAS reaction product

in all cases by each counting one thousand blast
cells on each slide. Results were recorded both as a
percentage of such cells showing any PAS-positivity
at all and as a composite score devised by Hayhoe
et al. (1964). Slides were coded by a number rather
than a patient's name to avoid possible bias by
knowledge of the clinical course of a given patient.

Results were stratified and correlated with survival
using the life table and logrank significance assess-
ment methods described by Peto et al. (1977). The
absence of any significant excess of patients with
high presenting white cell counts (>20 0 x 109/l),
or those over 14 years old, or males in any of the
PAS-defined 'strata, was checked by chi-square
analysis.
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Results

During the study period 132 patients with ALL
were seen; 100 were children under 14 years of age,

and 89 presented with a leucocyte count below
20-0 x 109/1. All were caucasian and 77 were male.
PAS studies on diagnostic blast cells showed that

35 patients had no PAS-positive material at all, 45
had less than 10% positive blasts, 8 had 10% to

20%, 22 had 20% to 40%, and 22 had over 40%.
The patients were easily and naturally divided into
two unequal groups with more or less than 20%
positive blasts, and these are shown alongside the
presenting leucocyte count, age, and sex in the
Table.
The use of the percentage of blast cells showing

PAS-positivity, as opposed to a composite score

suggested by Hayhoe et al. (1964), was arbitrary, as

near perfect correlation between the two methods of
assessment in this study was achieved by blind
comparison.
Examining the survival of all patients with ALL

in the two strata defined (those with <20% PAS-
positive cells (group A), and those with > 20%
PAS-positive cells (group B)), there was a longer
median survival in group B (Fig. 1) but this was not
statistically significant.
By extraction of patients with one of two criteria

of poor-prognosis disease (age over 14 years or

presenting leucocyte count > 20-0 x 109/l), the
difference between the group A remainder and the
group B remainder was statistically significant
(Fig. 2) to the level of P < 0-02.

There was no correlation between the percentage
of PAS-positive cells and any other prognostic
feature, that is, there was no excess of adults, males,
or high presenting leucocyte counts in either of the
PAS defined groups.

Discussion

It is well known that patients with ALL are a hetero-
geneous group, some of whom can be prospectively
identified as carrying a worse prognosis. High
(> 20-0 x 109/l) presenting leucocyte counts, an age
at diagnosis of much over 10 years, and negro des-
cent have been recognised as features having sinister
significance in this respect for some time (Kay, 1974).
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Fig. 1 Life table survival analysis on patients with ALL.
Group A: < 20% PAS-positive blast cells at diagnosis;
group B: >20% PAS-positive blast cells at diagnosis.
Difference not significant (logrank test).
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Fig. 2 Life table survival analysis on patients with ALL
aged < 14 yr and with leucocyte counts on presentation
< 20-0 x 109/l. Group A: < 20% PAS-positive blasts
at diagnosis; group B: >20% PAS-positive blasts at

diagnosis. Difference significant, P < 0-02 (logrank test).

More recently, the possession of T or B cell surface
markers (Chessells et al., 1977) or merely being male
(Baumer and Mott, 1978) have emerged as further
indicators of a poor outlook.

In contrast, attempts to attach benign prognostic
significance to the PAS reaction of the blast cells at

diagnosis have given conflicting results, some

claiming there to be no significance (Bennett and
Henderson, 1969; Berrebi et al., 1973; Humphrey

Table PAS-positivity and known prognostic factors

PAS-positive cells % Total Age (yr) Presenting WCC (x 109/1 Males

>14 <14 >20 0 <20-0

<20 (group A) 88 22 66 32 56 51
>20 (group B) 44 10 34 11 33 26
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et al., 1974; Shaw et al., 1977) and others suggesting
that PAS-positive cells are increased in patients
with less aggressive disease (Laurie, 1968; Vowels
and Willoughby, 1973; Feldges et al., 1974; Ascari
et al., 1975).

This confusion over the significance of the PAS
reaction could be due to at least two causes. First,
no published series has taken into account the
potential interaction of conflicting prognostic
features, and, with small numbers, an excess of
patients with high white cell counts or other variety
of poor-prognosis ALL could mask any PAS effect
that might otherwise be apparent. Secondly, the
technique of actually performing a PAS stain is
subject to day-to-day variation, even in experienced
hands, and the significance of moderate differences
in a quantitative assessment of two such stains could
be open to question if they are performed at different
times with different reagents. We attempted to
overcome these two problems by assembling a larger
group of patients than has previously been reported
and were able to stain the diagnostic marrow slides
all together at the same time, as the PAS reaction
can be satisfactorily carried out on previously
Romanowsky-stained films that are up to 10 years
old (Hayhoe et al., 1960).
From the results we obtained it seems that the

PAS reaction can identify potentially longer surviving
patients, but even in a series of this size the effect is
apparent only in the absence of stronger, adverse
influences on prognosis, that is, a high presenting
leucocyte count and older age.
Whether other accepted poor-prognosis features

can similarly modify this PAS effect is not so clear.
Membrane marker studies were not performed on the
earlier patients in this study, so it is not possible
to assess how, for example, T-cell disease relates to
the PAS reaction. Those later patients who were
known to have T-ALL in our series (five in all) had
a widely variable percentage of PAS-positive blasts,
but all had white cell counts over 20-0 x 109/l and
were excluded for that reason from the patient
groups represented in Figure 2.

Furthermore, it is not possible to comment on
whether the PAS effect is influenced by sex, and
although we have shown a significant survival ad-
vantage for both sexes in group B in Fig. 2, it may
be that this would be more clear if only females were
considered. Unfortunately, too few patients were
available for such an analysis to be reliable, so this
question cannot be answered.
That the PAS reaction might identify a specific

sub-variety ofALL is worth consideration. Probably
it does not, as all degrees of positivity can be found
in all varieties of the disease, despite the fact that in
most cases blast cells tend to be either nearly all

negative or more than 200% positive. It is perhaps
more likely that a PAS-positive blast cell might
indicate a particularly treatment-sensitive degree
of biochemical differentiation, and it would be of
interest to follow the PAS reaction through the
various stages of a number of patients with relapsing
ALL to see if increasing resistance to chemotherapy
is marked by a loss of PAS-positive cells where these
were present initially, although Berrebi et al. (1973)
have indicated that this might not be so. We are
currently examining this point further.

This work was supported by a grant from the Trent
Regional Health Authority.
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