
J Clin Pathol 1995;48:1051-1053

Changes in cytomorphology of childhood
lymphoblastic leukaemia at the time of disease
relapse

J S Lilleyman, R F Stevens, I M Hann, B E S Gibson, J A Britton, P J Darbyshire,
A Oakhill on behalf of the childhood leukaemia working party of the United Kingdom
Medical Research Council

Departnent of
Paediatric Oncology,
St Bartholomew's
Hospital,
West Smithfield,
London ECIA 7BE
J S Lilleyman

Department of
Haematology,
Royal Manchester
Children's Hospital,
Pendlebury
R F Stevens

Department of
Haematology,
The Hospital for Sick
Children,
Great Ormond Street,
London
I M Hann

Department of
Haematology,
The Royal Hospital for
Sick Children,
Yorkhill, Glasgow
B E S Gibson

Section of Paediatric
Haematology,
University
Department of
Paediatrics,
The Children's
Hospital,
Sheffield S10 2TH
J A Britton

Department of
Haematology,
The Children's
Hospital,
Ladywood Middleway,
Birmingham
P J Darbyshire

Department of
Paediatric Oncology,
Royal Hospital for
Sick Children,
St Michael's Hill,
Bristol
A Oakhill

Correspondence to:
Professor J S Iilleyman.
Accepted for publication
14 June 1995

Abstract
Aims-Children in a United Kingdom
national trial for relapsed non-B lympho-
blastic leukaemia (ALL) had their diag-
nostic and relapse marrow cytomorph-
ology compared to see what changes occur
during the evolution of the disease.
Methods-Each relapse slide was assessed
blindly for French American British
(FAB) type and other morphological fea-
tures by a panel of three independent mi-
croscopists without reference to each other
or any diagnostic material. Diagnostic
slides had been assessed by the same panel
on an earlier occasion.
Results-A total of 134 consecutive chil-
dren was studied. Six (5%) were classified
as FAB type L2 at diagnosis, compared
with 18 (13%) at relapse (a difference of
9%/6). Twenty two (16%) changed their FAB
type, 17 (13%) from LI to L2 and five (4%)
from L2 to LI. The FAB score fell at relapse
in 34 children and rose in 14, a difference
of 14%. Cell size was the commonest fea-
ture to change (increasing in 22 and di-
minishing in nine) followed by prominent
nucleoli (appearing in 21 and disappearing
in six). Forty four (33%) children had
vacuolated blasts at diagnosis, compared
with 48 (36%) at relapse. Twenty five
changed their vacuole score substantially,
14 gaining >10% and 11 falling <10%.
Conclusions-These findings reflect the
variability of lymphoblast cytomorph-
ology, but also show a trend for cells to
have more prominent nucleoli and greater
size at relapse. Factors controlling these
features ofthe FAB type are unknown, but
they may simply be related to the growth
fraction of a particular disease and not to
any lineage specific biological feature.
(J7 Clin Pathol 1995;48:1051-1053)

Keywords: Childhood lymphoblastic leukaemia, FAB
typing.

The cytomorphological classification of non-B
childhood lymphoblastic leukaemia (ALL) is
traditionally based on the system suggested by
the French American British (FAB) group' and
pivots around four features: nuclear:cyto-
plasmic (NC) ratio, nucleoli, nuclear shape,
and cell size. The FAB type is based on a
scoring system where a low NC ratio, prom-
inent nucleoli, irregular nuclear membrane,

and large size contribute to an L2 classification,
whereas their absence leads to an Li classi-
fication. LI features score positively and L2
features negatively, so a high score types as Li
and a low score as L2.
At diagnosis, only some 11% of children will

have a score leading to their being dubbed L2.
They may have an inferior response to therapy,
but FAB type does not seem to be a prognostic
variable independent of better known dis-
criminants such as age, sex and diagnostic white
cell count.

Other morphological features such as the
presence of cytoplasmic vacuoles and so-called
"hand mirror" cells have also attracted at-
tention as well as the FAB type, and vacuoles
seem to be associated with a better outcome.
The variability and clinical importance of all of
these cytomorphological features at diagnosis
have recently been studied in a large cohort of
children in UK national trials.2
The question whether morphological ap-

pearances change at the time of relapse has
been largely ignored. A small study 15 years
ago suggested that there was a major shift from
Li to L2 with no patients making the reverse
change.3 Two later studies produced conflicting
results,45 but all three described relatively small
numbers of patients. To revisit the question
on a larger scale we decided to compare the
morphology at diagnosis and subsequent mar-
row relapse in a group of children in a na-
tionwide UK trial for recurrent ALL.

Methods
Children under 15 years of age at the time of
original diagnosis of non-B ALL and sub-
sequently sustaining a first relapse at any site
were eligible for the UK Medical Research
Council trial Ri which began in January 1991
and closed in May 1995. Part of that trial
included the submission of relevant path-
ological material for central review, including
bone marrow aspirate smears. Where there was
unequivocal evidence of marrow recurrence,
the morphology was assessed blindly (that is,
without any knowledge of the clinical cir-
cumstances or the appearances at diagnosis)
by three independent morphologists at three
different centres.
The blast cell features were assessed and

scored strictly according to the criteria of the
FAB group' (table 1), and the FAB score and
FAB type allocated accordingly. In addition,
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Table 1 FAB scoring system used in the study

Feature Feature score Effect on FAB type (+I-)

Nuclear: cytoplasmic ratio
high in >75% cells 4 +
high in >50<75% cells 3
high in >25<50% cells 2
high in <25% cells 1

Nucleoli
two per cell in >50% cells 4
prominent in >50% cells 3
prominent in >25<50% cells 2 -

prominent in <25% cells 1 +
Irregular nuclear membrane outline

in >75% cells 4
in >50<25% cells 3
in >25% cells 2
in <25% cells 1 Nil

Cell size
>75% large cells 4
50-74% large cells 3
25-49% large cells 2 Nil
<25% large cells 1 Nil

Overall FAB score from +/-effect
+2 7
+1 6
0 5

-1 4
-2 3
-3 2
-4 1

Note: Indeterminate features score neither + nor
FAB scores of 0, + 1 or +2 are type Li; others are L2.

Table 2 Patients showing a decrease in overall FAB score

Patient Score at Score at Nucleoli at Nucleoli at Cell size at Cell size at
No. diagnosis relapse diagnosis relapse diagnosis relapse

1 7 6 1 1 2 2
2 7 5 1 2 1 2
3 7 6 1 1 1 3
4 5 3 1 3 1 3
5 7 6 1 1 1 3
6 5 4 1 2 1 3
7 6 4 1 3 1 2
8 7 5 1 1 1 3
9 7 5 1 2 1 1
10 7 4 1 3 1 2
11 7 5 1 2 1 1
12 7 5 1 2 2 1
13 7 5 1 2 1 2
14 7 4 1 1 1 3
15 7 6 1 1 1 3
16 7 6 1 1 1 3
17 7 5 1 3 1 1
18 7 4 1 4 1 3
19 5 3 2 2 1 1
20 6 3 1 1 1 3
21 7 2 1 2 1 3
22 7 6 1 1 1 2
23 7 6 1 1 1 2
24 7 5 1 2 1 1
25 7 5 1 2 1 1
26 7 5 1 2 1 2
27 7 2 1 3 1 3
28 5 3 3 2 2 1
29 7 4 1 1 1 3
30 7 3 1 3 1 1
31 7 4 1 3 1 2
32 5 3 1 2 1 1
33 7 3 1 3 1 1
34 6 4 1 1 1 3

Total score and scores for most frequently different features (for explanation ofscoring see table 1).

each patient was assessed for the presence or

absence of cytoplasmic vacuoles, and the pro-
portion of cells showing this feature. The num-
bers of "hand mirror" cells were not assessed.
The proportions ofpatients showing changes

in FAB type or score, or in any single morph-
ological feature, were compared using simple
x statistics with Yates' correction where ap-
propriate.

Results
Up to the end of 1994, 134 consecutive children
with adequate diagnostic and relapse bone mar-
row smears for assessment were recruited to

the study. Concordance between the three ob-
servers was between 80 and 90% with dif-
ficulties being confined to hypocellular, poorly
spread or badly stained slides. In such cir-
cumstances the majority view was taken as
correct. Only six (5%) were classified as FAB
type L2 at diagnosis, compared with 18 (13%)
at relapse (a difference of 9%, p=0025; 95%
confidence interval (CI) 3-16%). Twenty two
(16%) changed their FAB type, 17 (13%) from
Li to L2 and five (4%) from L2 to LI. The
FAB score fell (veering more towards L2) at
relapse in 34 children and rose (veering more
towards L1) in 14, a difference of 14% (p<0 01;
95% CI 6-24%).

Cell size was the commonest feature to
change (increasing in 22 and diminishing in
nine) followed by prominent nucleoli (ap-
pearing in 21 and disappearing in six). The
exact scores for these two features are shown
in table 2 (for the 34 children whose FAB score
fell at relapse) and table 3 (for the 14 for whom
it rose).

Forty four (33%) children had vacuolated
blasts at diagnosis, compared with 48 (36%)
at relapse. Twenty five changed their vacuole
score substantially, 14 gaining >10% and 11
falling <10%.
Changes were not obviously related to the

time to relapse (that is, the time from original
diagnosis), which ranged from eight to 128
months with a median of 33. Eighteen patients
relapsing before the median time reduced their
score compared with 16 afterwards. Nor did
relapse on or within six months of the end of
primary therapy clearly predict any particular
change. Of 48 early relapsers, 16 decreased
their score compared with 18 of 86 relapsing
later, a difference of 12% (95% CI -3% to
+28%).

Discussion
The findings of this study, the largest to date
comparing the morphology at diagnosis and
later relapse in childhood ALL, reflect the vari-
ability ofblast cell appearances during the evol-
ution of the disease. There was a detectable
and probably statistically significant trend for
cells to acquire L2 characteristics more fre-
quently than other changes as the disease pro-
gressed. The commonest features to alter were
cell size (cells tended to become larger) and the
presence of nucleoli (these tended to appear).
Such findings should be interpreted cau-

tiously. As Romanowsky stained smears are, in
essence, controlled artefacts, and because that
control is easily lost when the smear is badly
made, hypocellular or hypercellular (or when
the process of staining is carried out with in-
sufficient skill), it is dangerous to conclude
too much from apparent changes in blast cell
characteristics in small numbers of patients.
Concordance between the observers in the
present study was generally excellent, but slides
of borderline adequacy were the ones that
caused the most trouble.
So far the evolution of blast cell morphology

in ALL has been little studied. There are three
previous reports of which we are aware. The
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Table 3 Patients showing an increase in overall FAB score

Patient Score at Score at Nucleoli at Nucleoli at Cell size at Cell size at
No. diagnosis relapse diagnosis relapse diagnosis relapse

1 6 7 1 1 1 1
2 6 7 1 1 2 1
3 2 7 2 1 2 1
4 6 7 1 1 2 1
5 4 7 1 1 3 1
6 5 6 3 1 1 3
7 6 7 1 1 3 1
8 4 7 3 1 2 1
9 6 7 1 1 3 1
10 5 7 2 1 1 1
11 4 7 2 1 2 1
12 6 7 1 1 1 2
13 2 7 2 1 3 1
14 5 7 3 1 1 1

Total score and scores for most frequently different features (for explanation ofscoring see table 1).

first looked at 33 patients, 23 children and 10
adults, and was based on a single observer
looking at all slides blindly.3 Nineteen patients
changed their FAB type from Li to L2, and
the event was as frequent in children as adults.
No attempt was made to see if the time to
relapse influenced the change. The second
study made no attempt to assess the frequency
of morphological change, but studied seven
children who were noted to change their blast
cell characteristics as their disease recurred,
with all seven showing a shift towards L2.4 The
third study looked at 50 consecutive children,
four ofwhom changed from Li to L2, and two
others showed the acquisition of L2 features
falling short of a change in overall type. The
time to relapse in the six who changed was
comparable with the others. None changed
from L2 to Li.5 These latter authors suggested
that the scoring system introduced for FAB
typing in 19811 was more restrictive for L2
typing but that this alone did not account for
the different findings between the studies.
On balance, then, it seems that there may

be a genuine trend for a small proportion of
patients, less than originally suggested,3 to de-
velop cell features of L2 blasts. In the present
study the figure is 12%, which accords well
with the six of 50 of Lanham et al.5 We have
also found, however, that some children make
the reverse change from L2 to Li (4% in
this study) and this is the first time such an
observation has been made.
Data on cell immunophenotype or cyto-

genetics in the present study were not available
to us, though in our experience the frequency
of true immunophenotypic change is very low
in relapsing childhood ALL. Additional cyto-
genetic abnormalities are seen in 50-60% of

children who relapse,67 and may indicate the
emergence of a more resistant sub-clone. What
relation, if any, such changes have to blast
morphology awaits further study.

Just what FAB and other morphological fea-
tures of lymphoblasts represent in terms of cell
lineage or status is not clear. There is little to
suggest that they identify biologically distinct
subtypes of the disease as they are well rep-
resented within-for example, all the main im-
munophenotypes.2 As children at the time of
marrow relapse are likely to be picked up at an
earlier stage of tumour (re)growth, a point
underlined by the higher proportion of cells to
be found in the S phase of mitosis at relapse
when compared with diagnosis,89 it seems pos-
sible that at least some of the characteristics
that determine L2 morphology (cell size and
the prominence of nucleoli, for example) may
simply reflect the growth fraction of the malig-
nant cell population rather than any disease
specific association.
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