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SUMMARY A correlative clinical and HemalogD study of 80 cases of chronic lymphocytic leukaemia
(CLL) was performed and the results compared with those in other lymphoproliferative disorders
affecting the blood (eight cases of hairy-cell leukaemia, HCL; three cases of prolymphocytic leu-
kaemia, PLL; two cases of lymphoplasmacytoid proliferation, LPP; and one case of Sezary's
syndrome, SS). In CLL the mean percentage and absolute counts of large unstained cells (LUC)
were 8X7 % and 6X2 x 109/1 (6200/mm3), and the percentage of LUCs was not substantially
affected by treatment; there was no correlation between LUCs and Rai clinical stage. SS and LPP
were characterised by a similar percentage of LUCs, but both HCL and PLL were distinguished by a

higher mean percentage of LUCs. Stage IV CLL was associated with monocytopenia, but other
stages of CLL, PLL, LPP, and SS showed no consistent reduction of absolute numbers of non-

lymphoid cell types. In contrast, HCL was characterised by a consistent absolute neutropenia and
monocytopenia which distinguished its Hemalog D profile from that of PLL.

The value of clinical staging in the prognosis of
chronic lymphocytic leukaemia (CLL) is now well
established.1 2 However, the relation between the
morphology of the peripheral blood lymphocytes
and clinical stage and prognosis is controversial.3
Some of this controversy may be attributable to the
subjectivity inherent in microscopical examination.

In this study we used an automated differential
counter (the Hemalog D) to provide a purely objec-
tive assessment of cell size in CLL, and related the
results to clinical staging. The Hemalog D counts
large numbers of cells (30 000 per sample) and
identifies leucocytes by their size and specific cyto-
chemistry. The machine therefore provides precise
counts of minor leucocyte populations and con-
sequently the study allowed analysis of the relation
between these cell counts and clinical stage-a
subject that has received scant attention, probably
because of the difficulty in obtaining precise manual
counts of minor leucocyte populations. Finally, we
compared the Hemalog D findings in CLL with those
in a variety of other lymphoproliferative disorders
affecting the blood.
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Patients and methods

PATIENTS
Peripheral blood was examined from 80 cases of
CLL, 8 cases of hairy-cell leukaemia (HCL), 3 cases
of prolymphocytic leukaemia (PLL?, 2 cases of
lymphoplasmacytoid proliferation (LPP), and 1 case
of Sezary's syndrome (SS). The CLL patients were
assigned to one of the five (0-IV) Rai clinical stages'
according to the clinical and haematological findings
at the time of Hemalog D analysis. Thirty-two
patients were untreated and 48 had received chemo-
therapy. Patients were regarded as untreated if they
had received no treatment for two years before
analysis. Treated patients had usually received inter-
mittent low doses of chlorambucil with or without
steroid, but a few patients had received more vigorous
chemotherapy with courses of cyclophosphamide,
vincristine, and prednisone. In the 54 CLL patients
whose history was available the clinical stage at the
time of Hemalog D analysis was the same as that at
presentation in all but 11 cases. For the main analysis,
when patients were tested sequentially, the means of
the results were determined, provided the patient
remained untreated or continued the same treatment.
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None of the other patients with lymphoprolifera-
tive disorders had received chemotherapy, but six
of the eight patients with HCL had had a splenec-
tomy.

HEMALOG D
The principles and technical aspects of the opera-

tionof the HemalogD have been described in detail.45
In brief, the machine accurately identifies individual
leucocyte types on the basis of their cell size and
staining for peroxidase, esterase, and alcian blue.
Lymphocytes (peroxidase-negative cells) that are
larger than normal lymphocytes are counted by the
machine as large unstained cells (LUCs). When the
instrument is unable to identify a clearly defined
neutrophil population, it indicates this with a low
peroxidase alarm; when this occurs the neutrophil
count is uncertain but is usually low. EDTA-anti-
coagulated whole-blood samples were used and were
processed within 24 hours, but usually with in 12 hours.

Determination of modal lymphocyte size in CLL
The Hemalog D may be used to provide a histogram
of cell size (determined by light scatter) and cell
numbers (Fig. 1). In 21 cases the oscilloscope display
was photographed and the negative projected on to
graph paper to read off the modal cell size. The
reading obtained (in volts) reflects cell size (as
measured by light scatter), but is not readily con-
verted to units of volume.

Results

LARGE UNSTAINED CELLS IN CLL

The absolute count of LUCs was raised in all 80
patients: range 0A43-30 5 x 109/l (430-30 500/mm3);
normal rangeO-06-0-25 x 109/l (60-250/mm3), and the
percentage of LUCs elevated: range 3-3-18-8 %; nor-
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mal range 0-8-3 1%, in all butone patient (treated stage
I). Although the percentage of LUCs was lower in
stage 0 disease, there were no statistically significant
differences in the percentage of LUCs among the
different clinical stages (Table 1). The mean white
blood cell (WBC) count rose with clinical stage, but
so did the standard deviation of the WBC counts, so
that there was no statistically significant difference
between the stages. Because of this rising WBC count,
the mean absolute LUC count also rose with stage.
When, in order to allow for variations in granulocyte
count, the absolute LUC count was expressed as a

percentage of the absolute total lymphoid count in
the way suggested by Binet et al.,3 no significant
differences were noted between the different clinical
stages.
When the patients were analysed according to

whether or not they had received treatment (Tables
2 and 3), substantially similar results were obtained;
again, there were no statistically significant dif-
ferences in the percentage of LUCs or absolute LUC
counts among the different clinical stages. Several
patients were examined before and after the intro-
duction of low-dose chlorambucil (the results
obtained after treatment in such cases were not
included in the analysis given above) and although
there were some exceptions, when treatment caused
the WBC count to fall the percentage of LUCs did
not fall.

MODAL CELL SIZE IN CLL AND ITS

RELATION TO LUCS

It was possible to identify a modal cell-size peak in
18 out of 20 cases examined (Fig. Ia). Measurement
of modal cell size correlated with the percentage of
LUCs (r = 0-67; p < 0 01). In two cases the lympho-
cyte population showed no clear size peak so that it
was not possible to determine a modal cell size (Fig.

Table 1 Hemalog D data in all patients with CLL

Rai No. of WBC LUC Absolute counts (x 10/1 ± SD)+ % (absolute LUCI
clinical cases (x 109/1(% ± absolute lymphocytes +
stage* + SD)$ SD)t Neutrophils Lymphocytes Monocytes Eosinophils Basophils LUC absolute LUC) SD

0 10 28-8 6-2 5 2 20-5 0 53 0 45 0-06 2-0 8-3
±20-2 ±2-7 ±1 7 ±159 ±034 ±051 ±0-06 ±1 9 ±3-6

1 24 43 0 8 5 4-8 32-2 -0 31 0-14 005 4-2 10-7
±399 ±34 ±2-3 i31 8 ±0-22 ±0 12 004 ±55 ±3-8

11 27 68-3 9-2 4-8 51-0 0-29 009 004 7-4 11 4
±87-0 ±4-3 ±3-0 ±607 ±0-26 ±0 11 ±004 10-2 ±4-7

111 9 79 5 9 4 50 61*8 0.19 0-04 0-04 8-8 10-8
±69 7 ±4-9 +2-4 ±53 8 ±047 ±0-08 ±007 ±9-7 ±5-5

lV 10 93-8 9-3 3-5 78-7 0 11 0-07 0-02 9 3 10-7
±94-6 ±4-6 ±1-7 ±81 8 ±011 ±007 ±003 ±95 ±3-8

Total 80 602 8-7 4-7 46-2 0-29 0-14 005 6-2 106
±70-3 ±4-0 ±2-4 ±539 ±0-29 ±0-23 ±0 05 ±8-3 ±4-3

As defined by Rai et al., 1975.'
tThe Hemalog D prints percentage counts for individual leucocyte types, but for brevity only the percentage of LUCs are given.
,Conversion: SI to traditional units-I x 109/l z 1000/mm3.
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Table 2 Hemalog D data in untreated patients with CLL

Rai No. of WBC LUC Absolute counts (x 10'/l ± SD)t %/ (absolute LUCI
clinical cases (x 109/1 (% ± absolute lymphocytes +
stage* SD)$ SD)t Neutrophils Lymphocytes Monocytes Eosinophils Basophils LUC absolute LUC) SD

0 8 23 5 59 4-8 16-4 0 55 0 44 0 07 15 8-2
115-3 ±2-9 ±1-2 ±12-8 ±035 ±057 ±0-06 ±1-4 ±40

I 10 69-8 9 3 6-3 43-6 0-27 0-12 0-05 7 1 10-8
±45 7 ±3-7 ±2-7 ±32-3 ±0 21 ±0 13 ±0-06 ±6-8 ±4 0

It 1 1 66-2 11-2 4 9 50 3 0-23 009 004 8-9 13-1
±59 9 ±5 2 ±3-2 ±46-4 ±0-26 ±0-14 ±0 04 ±9-8 ±5-2

III 3 112-8 8-4 6-1 86-3 0-03 0 0-04 12-7 9-7
±117-5 ±4-8 ±3-1 ±903 ±005 ±0-06 ±16-3 ±4-8

IV 0 - - - - - - - - -

Total 32 61-0 9 0 5-3 46-3 0 30 0-18 0 05 6-8 10-8
±58-0 ±4-5 ±2-5 ±45-2 ±0 30 ±0 33 ±00-5 ±8-7 ±4-7

*As defined by Rai et al., 1975.1
tThe Hemalog D prints percentage counts for individual leucocyte types, but for brevity only the psrcentage of LUCs are given.
tConversion: SI to traditional units-I x I0/1 1000/mm3.

Table 3 Hemalog D data in treated patients with CLL

Rai No. of WBC LUC Absolute counts (x 109/1 ± SD)$ % (absolute LUCI
clinical cases (x 109/1 (% ± absolute lymphocytes +
stage* ± SD)t SD)t Neutrophils Lymphocytes Monocytes Eosinophils Basophils LUC absolute LUC) SD

0 2 500 5-1 6-9 36-7 0-46 050 0-06 3-9 8-8
±305 ±04 ±3-1 ±22 1 ±044 ±0-31 ±0-06 ±3-4 ±2-8

1 14 23-8 7-9 4-0 16-0 0 34 0-15 0 05 2-2 10-6
±20-6 ±3-3 ±1-6 ±17-0 ±0-23 ±010 ±003 ±3-1 ±3-4

11 16 69-7 7 9 4-8 51 5 0 33 0 09 0 03 6-3 10-2
±103-5 ±3 1 ±30 ±704 ±0-26 ±009 ±004 ±10-7 ±4-2

111 6 62-9 9 9 4 5 49 5 0-27 0-06 004 6-9 11-4
±35-3 ±5-4 ±2-3 ±28-7 ±0 57 ±010 ±0-07 ±5 5 ±6-2

IV 10 93-8 9-3 3 5 78-7 0 11 007 0-02 9 3 10-8
±94-6 ±4-6 ±1-7 ±81-8 ±011 ±007 ±003 ±95 ±4-7

Total 48 59 7 8 5 4-3 46-2 0-28 0-12 0 05 5-7 10 5
±78-0 ±3-6 ±2-3 ±59 4 ±0-29 ±0 13 ±0 11 ±8-2 ±4 5

As defined by Rai et al., 1975.1
tThe Hemalog D prints percentage counts for individual leucocyte types, but for brevity only the percentage of LUCs are given.
$Conversion: SI to traditional units-I x 109/l Z 1000/mm3.

1 b). In many of the cases the lymphocyte size
distribution was not symmetrical (Fig. 1c) and there-
fore it was only possible to measure the modal cell
size which did not correspond to the mean cell size.

NON-LYMPHOID MINOR LEUCOCYTE
POPULATIONS IN CLL
The mean absolute neutrophil count was normal in
all stages of disease, and no marked differences were
observed between the different stages, although the
lowest mean absolute count was seen in stage IV
patients. Similarly, there was no marked difference
between treated and untreated patients. As the total
WBC count increased with stage the percentage
of neutrophils showed a corresponding decrease,
resulting in a relatively constant absolute neutrophil
count. Despite the absence of neutropenia in the
groups as a whole, seven cases were neutropenic
(< 2 x 109/l; < 2000/mm3) (5 of these had been
treated and they were distributed among all the

clinical stages except 0). In addition, a low peroxidase
alarm (see Methods) was present in seven cases and,
because of the uncertainty concerning the neutrophil
count in these patients, they were excluded from the
analysis of neutrophils in CLL.
The mean absolute monocyte count became pro-

gressively reduced with advancing clinical stage, but
absolute monocytopenia (< 0-15 x 109/l; < 150!
mm3) was observed only in stage IV disease. Treat-
ment had no significant effect on the absolute mono-
cyte count in stage 0-III disease (all stage IV cases
had had treatment). Thirty-two of the 80 patients
were monocytopenic; these cases were distributed
among all the clinical stages except 0, but were
particularly common in stage III and IV disease.
The mean absolute eosinophil count was normal

(> 0-03 x 109/l; > 30/mm3) in all clinical stages,
and there were no marked differences between
treated and untreated patients or between clinical
stages, except that stage 0 disease had a higher count.
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Histograms of cell size versus cell
number in CLL photographedfrom the
oscilloscope display of the Hemalog D.
(a) Shows a symmetrical lymphocyte
(L) size distribution with a sharp peak
representing modal cell size. (b) Shows
a poorly defined lymphocyte (L) size
peak: this pattern was seen in 2 of the
21 cases and no attempt was made to
derive a modal cell size in these cases.

(c) Shows the sharply peaked, but
skewed, distribution of lymphocyte (L)
size frequently observed in CLL. In all
three displays a small neutrophil
population (N) is seen.

The mean absolute basophil count decreased with
increasing clinical stage, but was normal (> 0 01 x

109/l; > 10/mm3) in all stages.

LUCS IN OTHER LYMPHOPROLIFERATIVE

DISORDERS

In HCL, the percentage of LUCs was invariably in-
creased (8-60%) and was in general much higher
than in CLL (Table 4). In contrast to CLL, the
percentage of LUCs increased with the WBC count.
The WBC count in turn reflected the hairy-cell
count, raised WBC counts invariably being asso-
ciated with a high percentage of hairy cells. The three
cases with less than 10% LUCs also had less than

10% hairy cells. PLL was characterised by a high
percentage of LUCs (13.9-46.4%) and high absolute
(9-4-131 x 109/l; 9400-131 000/mm3) LUC counts,
while these were only moderately raised in LPP and
SS. Apparent bimodal populations (with respect to
size) of lymphoid cells were observed in the case of
SS and in one of the patients with HCL.

NON-LYMPHOID MINOR LEUCOCYTE

POPULATIONS IN LYMPHOPROLIFERATIVE

DISORDERS

All cases of HCL were neutropenic (0 25-1 4 x 109/l;
250-1400/mm3), and with one exception (a patient
with a very high WBC count after splenectomy) were

Table 4 Hemalog D data in other lymphoproliferative disorders

Diagnosis No. of WBC LUC Absolute counts (x 109/I ± SD)t Y. (absolute LUCI
cases (x 109/l (% ± absolute lymphocytes+

± SD)t SD)* Neutro- Lympho- Mono- Eosino- Baso- LUC absolute LUC)±SD
phils cytes cytes phils phils

Hairy-cell 8 19-2 26-9 0 93 17-7 0-07 0 04 0-01 6-6 31-1
leukaemia ±32-9 ±19-4 ±0 39 ±12-4 ±0 09 ±0-29 ±0-01 ±11-1 ±21-4
Prolymphocytic 3 219 26-5 14-0 133 1.1 0-51 0 37 66 5 29-0
leukaemia ±131 ±17-4 ±9 9 ±85 ±0-6 ±0 77 ±0 40 ±61-1 ±20-2
Lymphoplasma- 2 18-6 10-5 52 11-4 0-57 0-07 0-02 1-8 15-5
cytoid proliferation
S6zary's syndrome 1 51-0 10-0 3-4 40-8 0 0 0 05 5-1 11-0

*The Hemalog D prints percentage counts for individual leucocyte types, but for brevity only the percentage of LUCs are given.
tConversion: SI to traditional units-I x109/l 1000/mm3 .
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A Hemalog D analysis of chronic lymphocytic leukaemia

monocytopenic (< 0 07 x 109/l; < 70/mm3). There
was no reduction in the mean percentage and
absolute numbers of eosinophils and basophils in
HCL. In contrast, in PLL absolute neutrophil,
eosinophil, and basophil counts were normal or
raised.

Discussion

In this study of CLL we detected no correlation
between the numbers of large lymphocytes present
(as reflected by LUCs) and Rai clinical stage and
therefore prognosis.' The numbers of LUCs
generally reflected modal lymphocyte size, and it is
therefore probable that there is no relation in CLL
between lymphocyte size, stage, and prognosis.
Previous studies of lymphocyte morphology in CLL
have yielded conflicting results. Some authors have
claimed that the presence of larger lymphocytes is
associated with a more advanced clinical stage and
with a poor prognosis.3 6 7 Others have claimed that
there is no correlation between lymphocyte mor-
phology and prognosis.8 Peterson et al.9 10 corre-
lated the presence of large reactive lymphocytes with
a better prognosis. Since the reactive lymphocytes
of infectious mononucleosis are detected by the
HemalogD as LUCs," it is likely that such "reactive"
CLL lymphocytes would be detected as LUCs. Our
study therefore was unable to confirm the findings
of Peterson and colleagues. Similarly, we were
unable to confirm the only previous Hemalog D
study of CLL which showed that a ratio of absolute
LUCs to total lymphocytes > 11-2% was associated
with more advanced clinical disease.3 We were
unable to account for the discrepancy between our
results and those of Binet et al.3 The discrepancy
does not appear to be attributable to treatment since
both our study and that of Binet investigated treated
and untreated patients, and since wewereunable to de-
tect significant differences between these groups. It is
possible, however, that differences in the staging
systems used may be relevant; in Binet's staging the
clinical picture of splenomegaly and lymphadeno-
pathy without anaemia or thrombocytopenia is
regarded as advanced disease (stage III), while this
is classified as stage II disease in the Rai system,
which we used.
Our Hemalog D analysis of minor leucocyte

types in CLL yielded unexpected results. Thus, even
in advanced disease manifested by anaemia and
thrombocytopenia, no impressive reduction of
neutrophils, eosinophils, or basophils was observed;
furthermore, treatment seemed to have little effect
on the numbers of these cell types. Profound mono-
cytopenia was observed in some cases, but was not a
consistent feature except in stage IV disease. We

cannot explain these results, but they provide an
interesting contrast with those in HCL. This study
showed that HCL was characterised by a markedly
higher percentage of LUCs than CLL. This is prob-
ably attributable both to the large size of hairy
cells'2 and to the scattering of light by their surface
hairs. The high percentage of LUCs in HCL may
also be in part the result of the stickiness'3 of hairy
cells, causing the passage of pairs of cells through
the optical detector; this may explain the double
lymphoid population observed in one of our HCL
patients. Our Hemalog D study confirmed the
presence in HCL of consistent neutropenia and
monocytopenia noted by other authors using con-
ventional microscopical methods.13 These findings
were in marked contrast to those in CLL with
apparently similar heavy bone marrow infiltration.
Our Hemalog D study showed no depression of
eosinophils and basophils in HCL. The explanation
of these findings is uncertain, but they may imply the
presence in HCL of factors that specifically inhibit
the common neutrophil/monocyte progenitor cell.
The cases of PLL had a high percentage of LUCs

comparable with that in HCL, but were distinguished
by the absence of neutropenia and monocytopenia.
These Hemalog D findings agree with those of
Costello et al.14 who, using the Coulter Channelyser
showed that the cells of HCL and PLL have a higher
mean cell volume than CLL cells. The small number
of cases with lymphoplasmacytoid morphology and
with Sezary's syndrome had a moderately raised per-
centage of LUCs, comparable with that seen in CLL.

In conclusion, although the Hemalog D does not
seem to provide useful prognostic information in
CLL, it can readily distinguish this disease from
hairy-cell leukaemia and prolymphocytic leukaemia.
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