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SUMMARY As part of the Medical Research Council Leukaemia Trial UKALL VIII, 738 unselected
children with acute lymphoblastic leukaemia (ALL) had the morphology of their marrow blast cells
reviewed by a panel of three haematologists. Ninety four (13%) showed appearances classifiable as
type L2 by the French American and British (FAB) cooperative group's criteria, five (0 7%) were
typed L3, and the remaining 639 (86%) as L1.

Disregarding the patients classified as L3, those with the L2 variant showed an inferior disease
free survival to that of the remainder (p < 0-01), and more of them failed to remit after receiving
"standard" remission induction treatment (p < 0.01). They included an excess of older children
(p < 0 01) with less profound marrow failure at diagnosis, and fewer of them expressed the common
ALL antigen (p = 0 05). There was no association between L2 morphology and the diagnostic white
cell count, sex, or the presence of a mediastinal mass.

These findings confirm earlier reports that FAB L2 ALL is associated with a poor prognosis and
that it occurs more commonly in older children. The high remission failure rate is a recent obser-
vation and indicates that alternative early treatment may be appropriate for such patients.

Since effective treatment for childhood lymphoblastic
leukaemia (ALL) was developed repeated attempts
have been made to identify clinical and pathological
features related to prognosis. These efforts have been
directed at refining treatment protocols and helping
with the classification of what is clearly a hetero-
geneous group of disorders.

Blast cell morphology has recently enjoyed a
renaissance as a prognostic factor, chiefly due to the
introduction of the French American and British
(FAB) cooperative group's classification of acute
lymphoblastic leukaemia (ALL).' 2 Using their crite-
ria, several authors in the past few years have sug-
gested that the minority L2 variant is associated with
a worse outlook.3-8 None the less, several
unanswered questions remain. Can L2 disease be
reproducibly identified by independent mor-
phologists? What is its prevalence in a large
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unselected series? Is the association with poor treat-
ment response due to a higher relapse rate or lower
remission induction rate? Is L2 morphology of inde-
pendent prognostic importance or is it associated
with some other well known adverse feature such as
older age, higher presenting leucocyte count, or male
sex? In an attempt to answer some or all of these
questions our study was conducted as part of a large
multicentre trial.

Patient and methods

All children who were entered into the Medical
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FAB morphological classification of childhood lymphoblastic leukaemia
Table I *FAB type scoring: L1 v L2

Feature Sc ore

**Nuclear: cytoplasmic ratio high in > 75% cells + I
Nuclear: cytoplasmic ratio low in > 25% cells -1
Nucleoli absent or inconspicuous in > 75% cells + I
Nucleoli present in > 25% cells -I
Irregular nuclear membrane in < 25% cells 0
Irregular nuclear membrane in > 25% cells -I
§Large cells < 50% of total 0
Large cells > 50% of total I
Totals possible +2 to -4
*FAB type Li = 0, 1, + 2; L2 = -, 2,-3,-4;**cytoplasm
occupies < 20% of cell surface area; §"large" - more than 2 x
diameter of small lymphocyte.

Research Council Childhood Leukaemia Trial
UKALL VIII had diagnostic bone marrow smears
submitted for central review by a panel of three hae-
matologists. Slides were mostly stained in the review
laboratory but some were stained elsewhere. As a
result, various Romanowsky staining techniques
were used, May-Grunwald-Giemsa being the most
common.

Inadequate slides were rejected. They were
regarded as inadequate if they were badly spread
(usually too thickly) or not spread at all but squashed.
Dilute aspirates yielding a preparation with less than
two cells per high power field were also rejected. If no
satisfactory slides were available then that patient was
excluded from the study.

Each morphologist reviewed each slide blind,
knowing only the name of the patient but no clinical
details. The study was carried out prospectively, and
there was no possibility of knowing the clinical out-
come of any patient's disease.

Each panel member scored each marrow slide Li or
L2 strictly according to the FAB group's criteria
(table 1). Indeterminate or intermediate criteria
scored neither positively nor negatively. Each cell fea-
ture was expressed by each member as a percentage,
and where the difference between observers for a
given feature was < 10%, the final FAB score for that
feature was calculated as a mean of the three observ-
ers' estimates. Where a greater discrepancy arose
(usually where slide quality was borderline), the slide
was either sent for arbitration to two members of the
original FAB group, or, towards the end of the study,
was typed on the basis of the majority view-that is,
two of the three panellists. The third FAB type, L3
disease, was generally easily recognised and not
scored in the same way.
The UKALL VIII study and trial were open to all

children under 14 years old with any type of ALL.
The treatment schedule has been published else-
where.9 Disease free survival was estimated in the
usual way, and all statistical analyses were carried out
at the Clinical Trials Service Unit at the Radcliffe

Infirmary, Oxford. Median follow up time for this
analysis was three years.

Results

Of 833 patients entered into UKALL VIII between
September 1981 and December 1984, 95 (11%) either
had no slides submitted for FAB typing or had their
slides discarded as unsuitable. Of the remaining 738,
639 (86%) were typed as Li, 94 (13%) as L2, and five
(0 7%) as the rare but easily identified L3.

CONCORDANCE BETWEEN OBSERVERS
Where slides were not eventually rejected as inade-
quate, the panel failed to agree on the FAB type in 63
patients (8 5%). None the less all 63 were typed; in 25
the arbitrating view of two members of the FAB
group was sought, and in the remainder the majority
type (two of the three opinions) was taken as correct.

DISEASE FREE SURVIVAL
Fig 1 shows disease free survival for all 738 patients
classified by their FAB type. The patients with L2
disease show a significantly inferior prognosis to that
of the group with Li disease (p = 0-01), and the group
with L3 disease fared worse still.

Fig 2 shows disease free survival for the 730
patients who scored plus or minus for the presence of
nucleoli, and fig 3 that for the 716 who similarly
scored plus or minus (as opposed to no score if equiv-
ocal) for a low v a high nuclear:cytoplasmic ratio.
Both of these features individually achieved con-
ventional significance as unstratified prognostic vari-
ables, but if one is stratified by the other the
significance is lost, suggesting that cells tend to have
both features or neither.

Nuclear membrane irregularity in >25% of cells
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Fig 1 UKALL VIII January 1986: actuarial diseasefree
survival indicated by FAB type. Time scale in days:
Li = (n = 639); L2 = (n = 94); L3 = (n = 5). Difference
between Li and L2: p = 0 01 (logrank).
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Fig 2 UKALL VIII January 1986: actuarial diseasefree
survival indicated by presence or absence ofnucleoli in
> 25% blast cells. Time scale in days: < 25% = (n = 624);
>25% = (n = 106).

(seen in 78 (11%) of patients) and large cell size (seen
in 49 (7%) were not significantly associated with
prognosis, though there was a trend for both features
to be associated with a higher relapse rate. Table 2
shows the numbers of patients assessed for each FAB
feature and the proportion relapsing or dying, or

both, in each category.

ASSOCIATION WITH OTHER CLINICAL FEATURES

FAB type was not associated with sex or diagnostic
white cell count but was associated with age (table 3).
Even after adjusting for age, L2 disease was still asso-
ciated with a poorer disease free survival (p = 0-03).
The trend for an increasing proportion of patients
over the age of 10 years to have L2 disease may have
been partly balanced by an excess of patients with L2
disease in the small proportion of children under a

year old (four of 17 (23%)).
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Fig 3 UKALL VIII January 1986: actuarial diseasefree
survival indicated by presence oflow nuclear: cytoplasmic
ratio in > or <25% blast cells. Time scale in days:
<25% = (n = 556); >25% = (n = 160).

As for other clinical features, there was a significant
trend to higher presenting haemoglobin values
(p = 0-05) and platelet counts (p > 0-02) in the group
with L2 disease, and their cells showed a lower inci-
dence of expression of the common acute lympho-
blastic leukaemia (CALL) antigen (p = 0-05).

FAR TYPE AND PATTERN OF ADVERSE EVENTS

Patients with L2 disease did not develop central ner-
vous system or testicular disease more often, but they
did develop bone marrow recurrence more often.
Significantly more of them failed to remit (p < 0-001;
table 4), and there was a suggestion that they had
shorter subsequent survival if they relapsed after
achieving remission (p = 0-07).

NON-TYPED PATIENTS

Ninety five (11% of the total) patients had no FAB

Table 2 UKALL VIII: deaths and relapses in morphologically defined sub groups

Nuclear: Nuclear:
cytoplasmic cytoplasmic Irregular Irregular

Nucleoli in Nucleoli in ratio high in ratio low in nuclei in nuclei in Large cells Large cells
FAB L1 FAB L2 < 25% > 25% > 75% < 75% <25% >25% <50% >50%

*Total No 639 94 624 106 556 160 656 78 689 49
of patients

Proportion 114 (18) 28 (30) 116 (19) 29 (27) 99 (18) 44 (28) 122 (19) 21 (27) 131 (19) 15 (30)
(%) relapsed
or died

Significance of p = 0-01 p = 001 p = 002 p = 006 p = 007
difference

*Assessable for morphological feature in question.

Table 3 FAB type andprincipal prognosticfeatures

White cell count > 20 x Gross organomegaly
Nucleoli 109/1(%) Sex (m) (%) Mean age (years) (%)

Li 639 30 52 5-3 89
L2 94 35 58 6-5 90
Significance of difference p = 0-4 p = 0-2 p < 0 005 p = 0-7
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FAB morphological classification of childhood lymphoblastic leukaemia

Table 4 FAB type and adverse events (figures in parentheses are numbers %)

No L1 (%) L2 (%) Significance ofdifference
Total 733 639 (87) 94 (13)
Relapsed or died 215 178 (83) 37(17) p = 001*
Failed to enter remission 32 23 (72) 9 (28) p < 0-02§
Failed to enter remission despite 15 8 (53) 7 (47) p < 0'001§

surviving > 28 days
*Logrank.
§x2 with Yates' correction.

type recorded, either because no slides were received
for review, or because the material submitted was
technically inadequate. At the time of this report data
on the fate of 91 were available: 33 (36%) had
relapsed or died, which is a slightly higher proportion
than that for the FAB typed group (219 of 738 or
30%). It may be that the group of 95 contained an
excess of some subgroup, perhaps those with severe
secondary myelofibrosis, which would have made
marrow aspiration difficult. They seemed to be ran-
domly distributed between the sexes and different age
groups.

Discussion

The three morphological groups of ALL defined by
the FAB group' 2 are grossly unevenly distributed.
We found a prevalence of 86%, 13%, and 1% for Li,
L2, and L3 types, respectively, in a group of 738
consecutive patients.

Dismissing the tiny group with L3 disease as
morphologically, immunologically, cytogenetically,
and clinically distinct-they are the B cell
leukaemias-the main interest in typing the other
ALLs by light microscopy was twofold. First, to find
out whether they could be objectively and
reproducibly subcategorised into two groups, and
secondly, if so, whether such a classification had any
clinical relevance.

Reliable typing does seem possible. Using the FAB
group's scoring system,2 the measure of agreement
reached between three independent haematologists in
this study was as good as could reasonably be
expected, the slides over which there was strong dis-
agreement were usually of borderline technical ade-
quacy. It was usually obvious whether a given case
should be typed as Li or L2, even if the estimated
proportion of cells showing a particular feature
differed between observers.
Some conclusions can be drawn from the UKALL

VIII patients about the relevance of such a
classification. L2 ALL occurs more commonly in
older children, is associated with less profound bone
marrow failure, and it also more often does not
express the common ALL antigen. Apart from these
distinguishing clinical features, there is also a trend
emerging for patients with L2 disease to have a worse

prognosis. Furthermore, the inferior disease free sur-
vival they display is not related to age, sex, or
presenting white cell count. It may, in part, be due to
the relatively high proportion of them who fail to
achieve remission. For those who do remit there is a
higher marrow relapse rate but no excess of extra-
medullary disease. Survival after relapse may be
shorter for patients with L2 disease than for those
with Li disease.
Some of these observations are new; others are not.

The worse prognosis for patients with L2 disease was
first noted in 1978 by a Hungarian group3 and later
confirmed by Hann et al in the United Kingdom.4
Viana et al5 not only indicated that patients with L2
disease had a poorer outlook but noted that more of
them were older. This association with age was also
commented on by the FAB group in 1981 when they
refined their classification to include a scoring system
for Ls and L2.2 Revision of their original criteria'
meant that fewer children were classified as L2 (16%
in their index series), but they did note that the preva-
lence of L2 disease was positively correlated with age.
The United States Children's Cancer Study Group

(CCSG) modified the FAB scoring system further;
and they assessed each case on a cell by cell basis-
that is, calling each cell Li or L2 with each patient
being classified according to the proportion of L2 cells
present.6 7 This differs from the FAB scoring system,
which is done on a feature by feature basis-that is,
the proportion of cells showing a low nuclear: cyto-
plasmic ratio and so on-and where a final type is
ascribed on the basis of a composite score from each
of four features:2 Such a superficially subtle difference
may be quite important and might explain why the
CCSG recently found FAB type to be the second
most important independent prognostic factor, which
indicates speed of therapeutic response.7 It might also
explain why fewer of their patients (< 10%) type as
L2.
The CCSG also noted in their " 160 series" that the

37 patients with "pure" L2 disease (those with > 50%
L2 cells) had a 16-3% remission failure rate compared
with 3 5% for the 873 children with Li disease. The
implicit suggestion contained in these figures is sup-
ported by our findings. Few patients with ALL fail to
remit on current regimens, and there were only 15
such children in the whole of UKALL VIII, if failing
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to remit is defined as having detectable disease after
28 days of treatment. Seven of them typed as L2; a
highly significant excess. Other new findings arising
from our analysis are that L2 ALL is associated with
less severe marrow failure at presentation and that it
less commonly expresses the "common" ALL anti-
gen; but these findings need to be confirmed.
The clinical importance ofALL FAB type seems to

be fairly clear. L2 ALL is a more refractory disease
and so is a logical candidate for alternative treatment.
Such treatment should be different from the begin-
ning, in view of the high remission failure rate.
Whether L2 disease is a nosologically distinct disorder
is less certain. If it is the CCSG may have defined it
more precisely with their exclusive classification. Fur-
ther information might be obtained from parallel
cytogenetic studies, or from a similar morphological
analysis of a large group of adults with ALL.
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