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Cryopreserved peripheral blood cells functioning as
autografts in patients with chronic granulocytic leukaemia
in transformation
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Summary and conclusions

Six patients with chronic granulocytic leukaemia (CGL)
in transformation were treated with cytotoxic drugs or

cytotoxic drugs plus total body irradiation, followed by
infusion of reconstituted autologous peripheral blood
cells that had been collected from them at diagnosis and
stored in liquid nitrogen for up to 58 months. In four
cases the blood and bone-marrow appearances were

rapidly restored to those of typical chronic-phase disease.
In three of these patients transformation recurred at 74,
32, and 26 weeks respectively. One patient was still in
second chronic phase at eight weeks. One of the patients
who entered a second transformation was restored to a

third chronic phase by further treatment with cytotoxic
drugs and a second autograft.
Cryopreserved autologous blood cells may thus

restore some patieits with CGL in transformation to
chronic-phase disease and so may help to prolong life.

Introduction

In 1972 we began to collect and store in liquid nitrogen haemo-
poietic stem cells from the bone marrow of newly diagnosed
patients, intending to reconstitute and transfuse them when the
patients subsequently entered transformation and had been
treated with cytotoxic drugs to render the bone marrow hypo-
plastic.''2We hoped by this means to repopulate the bone
marrow with chronic-phase stem cells, which, though positive
for the Philadelphia chromosome (Ph'), would be haemo-
poietically competent. In allogeneic conditions peripheral blood
cells from donors with chronic granulocytic leukaemia (CGL)
can engraft a patient's bone marrow, albeit transiently.3 When,
therefore, it became clear that blood leucocytes from patients
with CGL included more granulocyte/macrophage-committed
precursor cells (colony-forming units in agar culture; CFUc)
than comparable numbers of marrow cells4 we began to store
mainly peripheral blood buffy-coat cells, collected with a

continuous-flow blood-cell separator, in preference to bone-
marrow cells.' Here we report the preliminary results obtained
when we used reconstituted buffy-coat cells as autografts in the
management of six patients with CGL in transformation.

Patients and methods

Collection of peripheral blood leucocytes-From 1972 all patients with
CGL diagnosed in our unit whose peripheral blood cells were con-
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sidered to be suitable for cryopreservation were subjected to leuc-
apheresis with a continuous-flow blood-cell separator (American
Instrument Company, MD, USA) on one to four occasions before
treatment with cytotoxic drugs was begun. The first 150-200 ml of
buffy coat collected each time was stored in liquid nitrogen. The
technique for collecting buffy-coat cells has been described elsewhere.5

Cryopreservation of buffy-coat cells-Buffy-coat cells for freezing
were mixed with an equal volume of TC-199 (Wellcome Labora-
tories, Beckenham) containing heparin and dimethyl sulphoxide. The
final concentration of dimethyl sulphoxide was 10%. Cells were distri-
buted among 75 to 100 2-ml polypropylene ampoules and frozen in a
controlled-rate freezer6 at a rate of - 1°C/min from room temperature
to - 60°C, at which point they were rapidly transferred for long-term
storage in the liquid phase of a liquid-nitrogen container. The tech-
nique has been reported in detail elsewhere.7

Reconstitution of cryopreserved cells-Ampoules containing cells
destined for thawing were removed from the storage container and
placed immediately in a water bath at 37°C. For in-vitro culture
studies the cell suspension after thawing was rapidly diluted with
tissue culture medium to obtain the necessary final concentration for
plating.2 The cells were not washed. When the cells were to be trans-
fused as an autograft the water bath was taken to the patient's bedside
and the necessary number of 2 ml ampoules warmed rapidly in batches
of 10. The thawed cells were diluted immediately 1 :1 with 09% sodium
chloride or Ringer lactate and infused intravenously by syringe within
a few minutes of thawing. Again, no attempt was made to wash the
cells free of dimethyl sulphoxide.
Agar culture for haemopoietic precursor cells-To assay CFUc we

used a standard agar culture system as developed by Pike and Robin-
son8 and modified in our laboratory.4 Colony-stimulating factor was
provided by an underlayer containing normal peripheral blood
leucocytes (106/ml), and cells to be tested before and after cryo-
preservation were routinely plated in the overlayer at concentrations
of 2 and 8 (or only 8) x 104/ml. Aggregates consisting of 50 or more
cells were scored as colonies and smaller aggregates as clusters. The
numbers of peripheral blood CFUc were expressed as millions/l. When
blood leucocytes were few they were first concentrated by allowing the
erythrocytes to sediment at room temperature. The leucocyte-rich
supernatant was then removed and placed in 2 ml aliquots on a Ficoll-
Hypaque gradient.9 The mononuclear cells harvested from the inter-
face after centrifugation were presumed to represent all the mono-
nuclear cells originally present in the whole-blood specimen. Numbers
were again expressed as millions/l whole blood.

Patient- treatment-The patients were nursed in single rooms
equipped with filtered air under pressure while they received their
initial treatment with cytotoxic drugs. Oral non-absorbable antibiotics
(framycetin, colistin, nystatin; FRACON'°) were given routinely, and
latterly co-trimoxazole was also administered prophylactically.'
Suspected infection (fever of 38°C or more persisting for two hours)
was treated with tobramycin, carbenicillin, and other antibiotics.
Platelet transfusions were given prophylactically when indicated.
Granulocytes for transfusion were collected from normal donors by
filtration leucapheresis or from patients with CGL by continuous-flow
centrifugation. All allogeneic blood products were irradiated in vitro
to a dose of 1500 rads. Total body irradiation was administered to two
patients from a cobalt-60 source at a rate of 1-2-1-5 rads/min. For this
the patients were sedated but not anaesthetised. Three of the patients
were nursed for periods in plastic isolators.

Results

From June 1977 six patients (four men, two women) with Phl-
positive CGL in transformation were treated with cytotoxic drugs or
cytotoxic drugs plus total body irradiation followed by transfusion of
reconstituted autologous buffy-coat cells (table I). Five of the patients
had previously undergone elective splenectomy during the first
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TABLE I-Management of first chronic phase in six patients with chronic
granulocytic leukaemia who subsequently entered transformation (patients listed
in sequence in which they came to autografting)

Chronic phase
Case Sex Age* Splenectomy
No (years) Treatment Duration

(months)

1 M 36 Yes Busulphan (HD) 14
2 M 20 No Busulphan (LD) 34
3 F 36 Yes Busulphan (LD) 34
4 F 56 Yes Busulphan, 54

cyclophosphamide,
melphalan,
hydroxyurea,
mercaptopurine,
demecolcine,
mitobronitol

5 M 35 Yes Busulphan (HD) 28
6 M 28 Yes Busulphan (LD), 53

mercaptopurine,
hydroxyurea

*At transformation.
HD = High dose."
LD = Low dose.

chronic phase of their disease.12 Treatment during this phase varied
considerably. Two patients received busulphan intermittently in
single doses of 100 or 150 mg,13 while three received it in conventional
dosage. One patient received seven drugs administered as single agents
in a predetermined sequence.1 The mean duration of the chronic phase
in all six patients was 36-2 months (range 14-54 months).

Transformation was diagnosed when patients developed new clinical
or haematological features of leukaemia that failed to respond to
treatment with busulphan or hydroxyurea. Four patients had increas-
ing numbers of blast cells or blasts plus promyelocytes in the blood
and bone marrow. One patient (case 6) had fever and lytic lesions in
bone associated with undifferentiated blasts and myeloblasts in
the bone marrow. Another patient (case 4) had a transformation
characterised by pancytopenia persisting for six months after the last
treatment with cytotoxic drugs (fig 1). This patient's bone-marrow
trephine repeatedly showed reduced cellularity with myelofibrosis and
osteosclerosis; small foci of blast cells were also identified. Ultra-
structural, cytochemical, and immunological characterisation of the
blast cells was carried out in all cases except case 4.14 No patient had
features of a lymphoblastic type of transformation (table II).
Once transformation was diagnosed the viability of stored buffy-

coat cells was tested by agar assay. All patients then received one, two,
or three courses of the cytotoxic drug regimen (RATE) that we
routinely use to manage acute myeloid leukaemia arising de novo.
RATE consists of daunorubicin, cytarabine (cytosine arabinoside),
and thioguanine in course 1, followed after a 10-day rest by dauno-
rubicin (or doxorubicin), cytarabine, and etoposide (epipodophyllo-
toxin) in course 2. Course 3, when necessary, comprises cytarabine,
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FIG 1-Haematological course at time of autograft in case 4. Peaks of leuco-
cytes and neutrophils in blood at time of autograft were due to transfused
allogeneic cells collected from donors with CGL. Note early appearance in
blood of monocytes, which rose to peak value at day 20 after autograft.
Bone-marrow fibrosis and cellularity ofresidual bone-marrow space expressed
on scales of + to + + + + (normal cellularity represented as + +). Normal
neutrophil alkaline phosphatase (NAP) score is 30-90.
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thioguanine, and etoposide.'1 16 One patient (case 2) also received
radiotherapy to an enlarged spleen. The two patients treated last in
the series (cases 5 and 6) received in addition cyclophosphamide in
high dosage and total body irradiation. Cryopreserved cells were then
reconstituted in two (or three) equal aliquots and transfused to the
patients on two (or three) consecutive days, starting on the day after
the end of the cytotoxic drugs or the total body irradiation, whichever
came later. The mean number of leucocytes transfused was 23x6 x
108/kg (range 16-9 to 38 6) and the mean number of CFUc was
21-0 x 101/kg (range 6-1 to 40 5) (table II).

TABLE iI-Type of transformation and details of autografts in patients with CGL

Buffy-coat cell autograft
Case Type of Cytotoxic Radio-
No transformation drugs therapy Duration Leuco- CFUc

ofstorage cytes (x 105/kg)
(months)( x 108/kg)

1 Myeloblastic RATE x 2 Nil 15 22-8 28-5
2 Promyelocytic RATE x 2, To spleen 36 17-2 405

Cyclo x 2 (800 rads)
3 Monoblastic and RATE x 3* Nil 33 16-9 6-1

megakaryoblastic
4 Myelosclerotic with RATE x 2 Nil 58 38-6 24-9

pancytopenia
5 Myeloblastic RATE x 2 TBI 29 25-7 8-0

Cyclo (HD) (600 rads)
6 Myeloblastic with RATE x 1 TBI 50t 20-5 18-2

lytic bone lesions Cyclo (HD) (600 rads)

CFUc = Colony forming units in agar culture.
RATE = Schedule of cytotoxic drugs (see text for details).
Cyclo = Cyclophosphamide.
HD = High dose (60 mg/kg x 2).
TBI = Total body irradiation.
*After transformation this patient was treated elsewhere with cytarabine and razoxane
(ICRF 159), to which her disease proved refractory, before she was referred back to
the Hammersmith Hospital for consideration for autografting.
tAfter original diagnosis this patient was treated briefly with busulphan, ending
two months before cell storage.

TABLE IIi-Results of autografting in patients with CGL

Time (days) to recover to:
Time to

Reticulo- Polymorphonuclear Platelets Engraft- recurrent Survival
Case cytes neutrophils ment trans- from
No formation autograft

1 /0 1 x 109/1 2 x 10'/1 100 x 109/l (weeks) (weeks)

1 9 8 12 23 Yes 74 76*
2 16 17 (13 weeks) Never Partial 13 17
3 NA 5 10 16 Possible 1 6
4 10 13 15 15 Yes 32 34*
5 10 12 12 11 Yes 26 33*
6 14 12 16 12 Yes NY 8*

*Patient alive on 31 December 1978.
NA = Not available.
NY = Not yet occurred.

Though the intention was to render the marrow hypocellular before
autografting, this was achieved with certainty only in cases 1, 4, and 5.
Two patients (cases 2 and 6) still had identifiable myeloid cells and
one patient (case 3) still had occasional blast cells in the marrow. The
autograft procedure was judged to be successful in four cases
(table III). The mean duration of hospital stay after the autograft was
17 days for all six patients (range 13-20 days). The median time for all
patients to recover a neutrophil count of 1 x 109/1 (1000/mm3) was 10
days after the autograft and for a recovery to 2 x 109/1 12 days. The
median time to reach a platelet count of 100 x 109/1 was 16 days. In
one patient (case 3) blast cells reappeared in the blood too soon to
permit assessment of the possible "take" of the autograft. She died
in blast crisis eight weeks after the autograft. In case 2 the recovery
of granulocyte numbers in the blood suggested that the autograft was
partially successful but the platelet count never exceeded 42 x 109/1
and the patient continued to need blood transfusion. Haematological
evidence of transformation recurred 13 weeks after the autograft.
Splenectomy was undertaken but the patient died of a haemorrhage
postoperatively.

In the four patients for whom the procedure appeared successful
peripheral blood values and bone-marrow cellularity returned rapidly
to a picture consistent with chronic-phase disease. One of these
patients was still in the second chronic phase eight weeks after the
autograft. In the other three patients transformation recurred at 74,
32, and 26 weeks respectively. These patients were all well without
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any need for treatment during their second chronic phase. In one

patient (case 5) the second transformation was predominantly
promyelocytic. He was treated again with cytotoxic drugs followed
by repeat autografting (leucocytes 12*4 x.108/kg, CFUc 52-2 x105/kg)
and was restored to a third chronic phase.

Blood CFUc at autografting-The numbers of peripheral blood
CFUc were assayed on several occasions before, during, and after
the autograft in five cases. Essentially parallel results were obtained
in each case. No circulating CFUc were present in any patient
immediately before the autograft. They could be shown in the blood
immediately and for some hours after the autograft on day 0 but
had declined to lower, though still measurable, numbers on day 1
before the second autograft. The numbers then rose after the second
autograft to values comparable with those seen after the first autograft,
fell to zero over the next three days, and then began to increase at

about days 7 to 10. Thereafter they rose steadily in parallel with the
leucocyte count. A representative study is shown in fig 2.
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FIG 2-Numbers of blood leucocytes and CFUc immediately before, during,
and after autograft in case 5. CFUc numbers were high before treatment
with cytotexic drugs.

Blood appearances after autografting-In the four patients for whom
the procedure appeared to be successful the blood leucocyte count was

rapidly restored to normal and then rose above the normal range."5 1'
In case 1 the total leucocyte count appeared to fluctuate but did not

exceed 100 x 109/1 until 64 weeks after the autograft. In case 4 (fig 1)
the leucocyte count reached a peak of 26-8 x 109/1 20 days after the
autograft, then declined into the normal range and subsequently rose

again. In case 5 the leucocyte count rose more rapidly, reaching
43-8 x 109/1 18 weeks after autografting. The earliest sign of engraft-
ment was usually a rising number of reticulocytes in the peripheral
blood. Subsequently nucleated red cells were present in large (case 4)
or small numbers (cases 1, 5, and 6) for varying periods. Monocytes
reappeared in the blood early after the autograft and reached peak
values above the normal range at day 20 in case 4 (fig 1) and at day 18
in case 5. Their absolute numbers in the blood of the patient in case 1
were continuously raised during the second chronic phase. Neutrophil
alkaline phosphatase values in patients in their second chronic phase
were persistently extremely low. The blood lymphocyte count was

greatly reduced in all patients at autograft. In the four in whom the
procedure appeared successful the count was rapidly restored to

normal or supranormal values, and some or many of the lymphocytes
appeared reactive for some months. In one patient (case 5), who had
received 600 rads of total body irradiation, the lymphocyte count rose

steadily after the autograft to a peak of 11 1 x 10'/1 at seven weeks
then returned to normal values and rose again when transformation
recurred. In this patient serum IgA concentrations were low during
the first four months after the graft. IgG andIgM concentrations
remained normal throughout the second chronic phase.

Bone-marrow appearances after autografting-In cases 1 and 5 the
bone-marrow appearances in the second chronic phase were in-
distinguishable from those before transformation. In case 4 residual
spaces in the bone marrow after autograft became hypercellular with
cells compatible with chronic-phase disease. The density of reticulin
appeared unchanged over six months. The marrow of one patient

BRITISH MEDICAL JOURNAL 19 MAY 1979

(case 6) contained almost exclusively necrotic-appearing cells at auto-
graft but was rapidly restored to a chronic-phase picture.

Results of cytogenetic analyses-All six patients were Ph'-positive at
diagnosis. Subsequently, complete cytogenetic data were not available
because marrow preparations were often unsatisfactory owing to
fibrosis or previous drug treatment. Further cytogenetic data were
analysable in two of the four patients restored to a second chronic
phase and in both showed persistence of the Ph' chromosome.

Discussion

Pluripotential haemopoietic stem cells circulate in the blood
of mice,'7 dogs,'8 and baboons.'9 Pluripotential stem cells cannot
yet be assayed in man but the observation that CFUc are present
in the circulation, albeit in low numbers, suggests that these
stem cells may also circulate. In patients with CGL blood CFUc
are many thousands of times more numerous than in normal
people,4 and pluripotential stem cells may reasonably be
assumed to be increased too. Though it is generally agreed that
human bone marrow is normally a better source of stem cells
for autologous or allogeneic transplantation than peripheral
blood,20 the unique exception may be when the donor has
CGL.2
Marrow engraftment probably resulted from the transfusion

of stored cells in at least four (cases 1, 4, 5, and 6) of the six
patients described here. Although in cases 1 and 4 the recovery
of peripheral blood values and the repopulation of the marrow
may possibly have resulted from the proliferation of residual
endogenous chronic-phase stem cells, we believe that the rapidity
of the recovery makes this interpretation unlikely. This possi-
bility is virtually excluded in cases 5 and 6 because recovery of
endogenous haemopoiesis could scarcely have occurred so
rapidly after total body irradiation, if at all. We therefore con-
clude that enough stem cells are present in the blood of newly
diagnosed patients with CGL to provide, after storage and re-
constitution, an effective autograft when the bone marrow has
been rendered hypoplastic with cytotoxic drugs or cytotoxic
drugs plus total body irradiation. The observation that cells can
be stored and will remain viable for five years, the longest
storage time tested, implies that it may be possible to store them
if necessary for a much longer period.
The failure of this type of management in two of the patients

requires some comment. In case 2 we were struck by the relative
resistance of the patient's spleen to both chemotherapy and
radiotherapy. Possibly autografted stem cells settled in or were
taken out of the circulation by the enlarged spleen and therefore
failed to colonise the bone marrow. If this interpretation were
correct it would suggest that the spleen ought to be removed
before blood cell autografting for patients with CGL in trans-
formation, preferably early in the chronic phase of the disease.
One patient (case 3), on the other hand, had a highly aggressive
form of blast cell transformation; her leucocyte count had
continued to rise even while she was being treated initially
elsewhere with cytarabine and razoxane, and small numbers of
blast cells reappeared in her peripheral blood before courses 2
and 3 of cytotoxic drugs. Her disease may therefore have exemp-
lified one end of a range at which transformation is so resistant
that no effective antileukaemic treatment has yet been devised.
Of special interest is the observation that the marrow was

engrafted rapidly in one patient (case 4), in whom the previous
failure of haemopoiesis had been associated with increasing
myelofibrosis and osteosclerosis. Ferrokinetic studies ("2Fe)
before and after the autograft showed the resumption of erythro-
poiesis in the vertebral bodies and pelvis after the autograft.
We do not know whether the presumptive pluripotential stem

cells in the blood of patients with CGL have full lymphoid as

well as myeloid potential2l or whether they should more correctly
be regarded as simply myeloid stem cells. We were therefore
interested to see whether adequate recovery of lymphoid cells
would take place in the patients who received total body
irradiation as well as cytotoxic drugs. In the one patient (case 5)
followed up for six months after irradiation this proved to be the
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case, and it appeared to be so in case 6 also. Buckner et al in
Seattle recently reported the results of using cryopreserved
autologous bone-marrow cells (supplemented in some cases by
peripheral blood leucocytes) in the support of patients with
CGL treated for transformation.22 They noted that reconstitu-
tion of lymphoid cells was defective in some of their patients.
If, therefore, blood is a better source of pluripotential stem cells
for autografting than bone marrow,2 this might be partly because
relatively larger numbers of stem cells with lymphoid potential
can be collected from the blood than from the marrow.

This approach to the management of CGL can in no sense
be regarded as curative. Instead, our preliminary results suggest
that it may prolong life in some cases for one or more years.

We thank Dr A W G Goolden, of Hammersmith Hospital, who
supervised the administration of the radiotherapy. Valuable technical
help was rendered by M Cherchi, D S Park, K H Th'ng, M O'Brien,
and S Pittman. We particularly thank members of the medical and
nursing staff of the Hammersmith Hospital Anaemia Unit for their
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Biochemical testing for acute medical emergencies in four
district general hospitals
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Summary and conclusions

Comparable samples of 200 medical emergency
admissions in four district general hospitals showed a
threefold difference in the mean number of biochemical
test values provided per patient, nearly all of which
were obtained from blood specimens. Hospitals had
consistently high or low mean numbers of values per
patient for specific tests and clinical presentations and
whether first or repeat tests were considered. Only 30
out of 188 different test types were reported at all four
hospitals.

Clinicians and chemical pathologists might benefit
from regular expert advice on the most discriminating
use of test information in cases with various clinical
presentations.
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and research)
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Introduction

The growth in the number of requests for clinical biochemistry
tests has been disproportionately greater than the growth in the
numbers of patients treated in hospitals.' Automation of some
tests and a change in the clinicians' approach to testing from
being selective in their ordering to requesting complete bio-
chemical profiles of their patients are generally accepted to
have contributed to this increase.2 The work loads of radio-
diagnostic and physiotherapy departments have not increased
so appreciably.3 The necessity for so much biochemical investi-
gation has been challenged,4 and the need to evaluate its
effectiveness in improving clinical treatment and outcome
suggested.5 Some idea is first needed, however, of the range of
biochemical tests being carried out by laboratories in specific
clinical cases, such as we report here for acute medical
emergencies.

Patients and methods

We selected four district general hospitals in four large urban areas
of the Trent region, each of which had a busy accident and emergency
department and provided a wide range of clinical services. Hospitals
A and B were teaching hospitals, hospital B having only recently
been designated and being without clinical teaching at undergraduate
level. In each hospital a consultant chemical pathologist headed the
clinical biochemistry department. The degree to which testing was
automated varied. In hospital A 10 types of test were performed by
one machine during normal working hours; at other times a smaller,
six-test machine was used. The machine at hospital B provided only
two simultaneous estimations. Hospital C used a four-test and a
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