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presence of the Ph1 chromosome is the only way in which
leukemic CFU-c may be distinguished from normal cells among
patients with fully controlled disease (18).

There has been some disagreement regarding colony growth
in specimens from patients in the terminal stages of CML.
Some reports described grossly deficient colony formation
during the blastic stage of CML with either no in vitro growth at
all or formation only of clusters of less than 40 cells (11, 15,
20, 21). Other authors reported no difference in numbers of
circulating CFU-c between patients in the chronic stage of
disease and those in terminal stages (1, 3, 17, 24, 26).

Moore et a!. (20) reported that CFU-c were present in the
myeboblastfraction of CML blood and found that in the case of
one patient as many as 60% of the cells in this fraction
proliferated in agar culture. This suggests that there should be
a correlation between circulating immature cells and CFU-c.
However, Goldman et a!. (7) found no such correlation.

To provide additional data bearing on the disputed questions
regarding colony formation in CML and to evaluate its possible
clinical significance, we have reviewed 124 determinations of
circulating CFU-c among 60 patients in different stages of
CML, studied oven a 7-year period. We searched for correla
tions between CFU-c incidence, concurrent hematobogicalfind
ings, and the clinical course of these patients.

MATERIALS AND METHODS

Patients

Sixty patients with CML were studied on one or more occa
sions between January 1971 and May 1978. The Ph1 chro
mosome was identified in 55 cases, while 5 patients were Ph1-
negative. Forty patients were male and 20 were female; their
ages ranged from 16 to 78 years with a median of 41 years.
Disease status of these patients was classified as follows.

Chronic Stage

The disease was readily controllable with conventional chem
otherapy, with marrow and circulating blasts @5%,and without
overt poor-risk criteria.

Active, Uncontrolled Disease. WBC were > 50 x 109/liten,
with many immature granubocytes, usually accompanied by
other signs and symptoms of florid disease (splenomegaly, mild
anemia, fatigue, etc.). Most patients in this category had had
the diagnosis of CML established recently and were in their
first course of therapy.

Remission. The disease was in good clinical control with
WBC < 30 x 109/liter and few immature cells, normal hemo
gbobin, spleen @2cm below the costal margin, and no func
tional impairment or symptoms attributable to CML.

ABSTRACT

The incidence of circulating granulocyte-macnophage cob
ony-forming cells (CFU-c) was determined in 60 patients in
different stages of chronic myebocytic leukemia (CML). Like
others, we found uniformly increased circulating CFU-c during
the uncontrolled chronic stage, decreasing to values indistin
guishable from those of healthy controls during remission.
Unlike some investigators who described grossly deficient cob
ony formation during the blastic stage of CML, we found normal
to greatly increased colony formation in the accelerated-re
sistant and blastic stages. The fact that laboratories using
somewhat different culture techniques obtain similar results
with specimens from the chronic stage of CML but divergent
results with specimens from terminal stage disease suggests
that CFU-c from blastic disease have more fastidious growth
requirements than do those from chronic stage disease or from
normal subjects. In contrast to the correlation between CFU-c
and disease status in the chronic stage of CML, CFU-c mci
dence in the accelerated-resistant and blastic stages of the
disease did not correlate with white blood cell count, percent
age of immature cells, clinical status, onsurvival. There was no
correlation between the percentage of myebobbastsand pro
myebocytes in circulating blood and the incidence of CFU-c in
any stage of CML, which suggests that no direct relationship
exists between clonogenic units and the number of identifiable
proliferating cells.

INTRODUCTION

The semisolid agar culture system, developed for the growth
of granulocyte-macrophage progenitor cells from muninebone
marrow (2) and successfully adapted for the culture of cells
from human bone marrow and peripheral blood (5, 23), has
been used to investigate hematopoiesis in acute and chronic
myeloid leukemia (3, 11, 15, 19â€”21, 25). Leukemic colony
growth, like normal colony growth, was found to be dependent
on the presence of colony-stimulating factor.

There is complete agreement among investigators working
with this system that patients with uncontrolled CML3 have
greatly increased numbers of CFU-c in peripheral blood.
Among such patients, blood may be a better source of CFU-c
than marrow (7, 20). Remission is associated with a return
toward normal in the number of circulating CFU-c as well as in
various characteristics of in vitro cell growth. Currently, the
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Circulating Colony-forming Cells in CML

Termina! Stage

The disease was characterized by the appearance of in
creasingly abnormal leukemic cell clones, defective maturation
of granubocytes, and various other abnormalities no longer
controllable by agents such as busulfan.

Accelerated-Resistant. The disease had one onmore criteria
of the terminal phase of CML (12) but was not blastic. Most of
the patients in this category were symptomatic and had anemia
on thnombocytopenia and various abnormalities in marrow on
blood.

Blastic. Myeboblasts were @20%in marrow, or myeboblasts
plus pnomyelocytes were @30%in peripheral blood.

Staging according to the above schema was cumulative,
e.g. , a patient retained the classification â€˜â€˜blasticstage' â€˜even
if a remission had been obtained with appropriate chemother
apy, and the number of immature cells had been reduced to
normal on near-normal levels.

Most patients were receiving antileukemic chemotherapy at
the time of study. In the case of patients in the chronic stage,
this was usually with busulfan, busulfan plus 6-mercaptopunine,
or hydroxyurea. Patients with accelerated-resistant on blastic
disease were treated with a variety of agents; most commonly
used were combinations of colchicine derivatives and thiopu
nines(8).

Twenty-four patients were studied on 2 or more occasions in
the same on different stages of the disease.

Controls

Colony formation among the patients with CML was com
pared with that seen in specimens from 42 healthy controls;
15 of these were plasmapheresis donors, and the remainder
were Institute employees. Six of the healthy subjects were
studied on more than one occasion.

In Vitro Cultures

Cultures were established from venous blood collected in
the presence of preservative-free hepanin (10 units/mI) and
10% plasmagel (Roger Billon Laboratories, Neuilly, France).

Leukocyte-nich plasma was obtained after erythnocytes were
allowed to settle for 45 mm in upright syringes at room tem
perature. CFU-c were grown within a layer of soft agan (Difco
Laboratories, Detroit, Mich.) placed above a â€˜â€˜feederlayerâ€•
containing 7.5 x 1o@normal human peripheral blood leuko
cytes immobilized in 1 ml of 0.5% agan in a culture medium
contained in FB-6 tissue culture plates (Linbro Scientific Inc.,
Hamden, Conn.). Preincubation of the feeder layer at 37Â°for
2 to 10 days allowed for the elaboration of colony-stimulating
factor before the cell suspensions to be assayed were added.
The soft agar culture medium consisted of: 0.3% agar in
Medium 1641 (9); 8% fetal calf serum; 8% human plasma; and
7% Trypticase soy broth (Difco), pH 7.2. Leukocytes (in 0.33-
ml autobogous and pooled normal human plasma) were added
to the culture medium (3.67 ml) at 40Â°and 1-ml portions of the
resultant suspension were dispensed in triplicate above feeder
layers and solidified at room temperature. Cell concentrations
from 0.05 to 5 x 1O@leukocytes/mI were used in cultures from
CML patients, and 5 x 1O@leukocytes/mI were used in routine
cultures from normal individuals. Culture medium without agar,
0.5 ml, was added to each plate as a liquid overlay 1 to 2 days

after initiation of culture. After 14 days incubation at 37Â°in a
humidified 7.5% CO2atmosphere, colonies were stained for 60
mm with 0.01 % methylene blue in 0.1 5 M NaCI in 0.02 M
sodium phosphate buffer, pH 7.4. A Wild dissecting micro
scope (x 100) was used for counting, and any aggregate of
more than 40 cells was scored as a colony. Aggregates of
fewer cells were listed as â€œclusters.â€•

Colony formation was expressed as CFU-c/1 0@WBC plated.
Some authors have reported their data in terms of CFU-c per
ml of blood, but we prefer the more traditional expression for
the following reasons: (a) it reflects the operational procedure
used, and cultures are established from a standard number of
leukocytes rather than from a standard volume of blood; (b) it
permits direct comparison of CFU-c incidence in blood and
marrow; (c) it facilitates recognition of qualitative changes in
CFU-c incidence as opposed to differences associated with
variations in the beukocyte count among patients with greatly
different WBC.

Terminal deoxynucleotidyl transfenase activity determina
tions were performed by Dr. B. I. S. Snivastava; the assay
method has been described (27).

RESULTS

We observed the appearance of 2 types of colonies after 9
to 14 days of incubation: (a) small, granular, and compact,
0.05 to 0.1 5 mm in diameter; and (b) large, loose, and galaxy
like, 0.5 to 2.0 mm in diameter. Most colonies contained
several hundred to a few thousand cells with multiple mitotic
figures. A mixed population of barge mononuclear cells and
neutrophibicgranubocytes in various stages of development was
observed with the light microscope in stained colonies and with
the electron microscope in thin sections of developing colonies.
Cluster formation of 3 to 40 cells was not observed in cultures
from normal individuals and was seen only rarely in cultures of
CML specimens.

Forty-two normal subjects had 0.6 to 12 CFU-c/ 10@leuko
cytes with a mean of 3.4 and a median of 2.3 CFU-c/1 O@WBC.
These values are somewhat higher than reported in some
studies (10, 13) but within or below the ranges reported by
other investigators (14, 21). Serial studies of 6 subjects showed
relatively stable CFU-c incidence. For example, the ranges for
2 individuals studied on 3 and 6 occasions over a 7-year period
were 0.9 to 1.1 and 2.9 to 5.4 CFU-c/1 0@WBC, respectively.

Chronic Stage of CML Table 1 shows the incidence of CFU
C in peripheral blood of 8 CML patients with active, uncontrolled

disease in the chronic stage. All patients exhibited increased
colony formation ranging from 19 to 345 CFU-c/1 0@leuko
cytes seeded, with a median of 43 and a mean of 97. There
was no correlation between beukocyte count, percentage of
immature cells, percentage of monocytes, and the incidence
of circulating CFU-c among the subjects in this group. The 2
patients with the highest CFU-c incidence (Patients 35 and 37)
did not differ significantly from the other patients in this group
at the time of study. However, they required longer treatment
and larger total doses of chemotherapy to enter remission.
Both have done well subsequently and continue in remission.
The patient with the lowest CFU-c count (Patient 13) entered
remission promptly and did well initially. However, he devel
oped accelerated disease relatively early and died 31 months
after the first agar culture study.
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S. S. Leong et al.

Table 1

Incidence of CFU-c in peripheral blood of patients in the chronic stage of CML with

Seventeen patients in the chronic stage of CML were studied
during remission on 28 occasions (Table 2). Cultures were
obtained from 12 patients on occasions when their WBC were
normal or slightly below normal and from 7 patients during mild
leukocytosis. In both groups, the frequency of CFU-c was
usually well within the range for normal individuals, and no
correlation between WBC count and incidence of CFU-c was
evident. The median CFU-c values for the 21 studies of patients
with normal WBC counts and for the 7 patients studied during
beukocytosis were 2.2 and 2.6 per 10@WBC, respectively,
almost identical to the median for our normal subjects.

In 5 of these studies, there were clearly higher numbers of
circulating CFU-c (12 to 50 per 10@WBC) than in the other 23
(0 to 8 pen 1O@WBC). Two of these patients (Patients 12 and
13) were recognized to have progressed to the accelerated
stage of CML within I month of the study dates. A third (Patient
57) was a recently diagnosed patient who had received an
experimental schedule of induction therapy with 3 agents. The
normal WBC, on which the remission classification was based,
proved to be a transient event; 2 weeks later, his count was
64,000, and he received another cycle of induction chemo
therapy. The other 2 patients (Patient 11 and Patient 32, study
of August 2, 1976) continued to do well for 2 and for 0.5 year,
respectively, after these studies.

No longer-term correlations between CFU-c incidence and
clinical course of patients in remission were found. Colony
formation did not correlate with maintenance drug requirement,
time to disease progression, or survival.

Serial studies among patients in confirmed remission showed
a trend toward CFU-c values in the same range. Of 7 patients,
who had 2 or more studies, 2 had low values consistently
(Patients 5 and 38), one had relatively high values in each of
2 studies (Patient 32), and 2 had pairs of values near the
median with differences of only 15% between successive de
terminations (Patients 13 and 15).

Accelerated and Blastic Disease. Table 3 summarizes data
from 88 studies of patients in the terminal stage of CML. There
was a marked variation in the incidence of CFU-c among
different patients and occasionally in different studies of the

same patients. CFU-c ranged from 0.4 to 4837 pen 1O@beuko
cytes and varied over about a 3000-fold range within each
subclassification of terminal-phase disease. Patients were
somewhat more likely to have normal CFU-c values in the
accelerated-resistant stage and increased values during florid
blastic disease. No correlation was seen between the incidence
of CFU-c and the WBC, the percentage of myeloblasts plus
pnomyebocytes, or percentage of monocytes in peripheral
blood. An unexpected finding was the fact that a number of
patients in apparently good, stable remission of accelerated on
blastic disease, with full control of leukocytosis and 0 to 2%
circulating blasts and promyelocytes, had grossly increased
colony formation. One such patient in the accelerated stage
and one with blastic disease had 1190 and 438 CFU-c per 1O@
WBC, respectively. The 5 Ph1-negative patients did not show
a distinctive pattern. One had a normal value, 2 had moderately
increased values, and 2 had greatly increased values (1000
and 1488 CFU-c per 1o@WBC).

Most of these poor-risk patients were receiving antileukemic
chemotherapy at the time of study. Thus, there was no oppor
tunity to correlate the CFU-c incidence with treatment status.
It is our impression, however, that the treatment schedules
used for most of these patients, which did not include long
acting agents and which were less intensive than those used at
many centers (6), did not have major effects on colony forma
tion. Patients who were receiving enough chemotherapy to
maintain mild to moderate leukopenia had about the same
distribution of CFU-c values as those with normal or increased
leukocyte counts. The cells being cultured were collected in
autobogous plasma and were not washed free of such plasma
prior to plating. However, it appears unlikely that the growth of
CFU-c was significantly influenced by the possible presence of
chemotherapeutic agents in the plasma, since this was diluted
at least 30-fold by normal human plasma and other components
of the culture system.

Repeat studies of individual patients with terminal-phase
disease often showed considerable variation in CFU-c mci
dence; 10- to 50-fold changes were encountered in a number
of cases. However, patients with the highest values usually
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remission

MyeloblastsChemo
+ promyelo MonocytesCFU-c/ 10@/Patient

Date therapyWBC (10@4@l) cytes (%)

With normal WBC(%)WBC

Circulating Colony-forming Cells in CML

Table2
Incidence of CFU-c in peripheral blood of patients in the chronic stage of CML in clinical
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10/25/77+4.9033.357

5/04/78â€”9.001112@Median,

21studies5.7012.2Range3.4-9.00â€”20â€”130â€”50

With mild leukocytosis

0.6

15

1.4

2.8

6.1

2.0

2.6

2.6

0.6-15

4 7/28/72 â€” 21.2 2 6

â€” 22.8 1 1

+ 13.6 0 2

13.8 0 0

29.7 0 1

25.0 0 1

13.7 0 9

21.2 0 1

13.6-29.7 0â€”2 0â€”9

32 8/02/76

33 10/28/76

35 10/21/77 +

37 11/10/77 +

40 7/28/77 +

42 9/28/77 +

Median

Range

a Patient relapsed or entered the accelerated stage of CML within 1 month of study date.

spleens were intact it was 0.4 to 1190/1 O@WBC; the medians
were 22 and 20 per 1O@WBC, respectively. However, an acute
effect of splenectomy was seen in 2 patients studied shortly
before and after the procedure. CFU-c decreased from 31 to
1.7 per 1O@WBC in one case and from 17.4 to 1.8 per 1O@
WBC in the other. A third patient showed a decrease from
1120 to 177 CFU-c per 10@WBC. However, the postsplenec
tomy determination was not performed until 4.5 months after
surgery; therefore, it is not certain that the change is attribut
abbeto removal of the spleen.

showed similar patterns on restudy. Seven patients with poor
risk disease who had CFU-c values above 100/1 0@WBC
underwent repeat studies; colony formation persisted in this
high range in 18 of the 26 additional cultures.

Twenty-one of the 44 patients studied during the terminal
stage of CML had undergone splenectomy. The incidence of
circulating CFU-c in this group did not differ significantly from
that among patients who had not been subjected to this pro
cedune. The range of CFU-c incidence among splenectomized
patients was 0.6 to 4837/1 O@WBC, and for those whose
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Incidenceof CFU-cin peripheralbloodof patientsin terminalphasesof
CMLBlastic

diseaseMyeloblasts

Myeloblasts+
promyel- + promyel

Accelerated-re ocytesocytessistant
disease<30%>30%Patients

161819Studies
332530WBC,

1034dRange
1.8-34.61.2â€”40.53.5-119Median
9.58.916.2Blasts

+promyelocytes(%)Range

0â€”170â€”2433-97Median
61257Monocytes

(%)Range
0-60-150-20Median
020CFU-c/106

WBCRange
0.4-11900.6-22501.3-4837Median
176044Patients

with CFU-c in 8a75normal
rangePatients

with increased 61 012CFU-cPatients

with varying 212CFU-ca

One patient had a value slightly below normal.
.@ a

a

a
a

a

S. S. Leong et a!.

The cells of 8 patients in the blastic phase were studied for
terminal deoxynucleotidyl transfenaseactivity. Circulating CFU
c among 3 patients who were terminal deoxynucleotidyb trans
ferase positive did not differ significantly from those of the 5
negative patients (ranges, 7 to 699 and 5 to 398 per 10@WBC,
respectively).

There was no significant correlation between CFU-c mci
dence and survival among these poor-risk patients (Chart 1).

Survival of 16 patients who had normal CFU-c values ranged
from 0.5 to 18 months after culture studies, with a median of
3 months. Survival of 20 patients who exhibited increased
colony formation ranged from 0.5 to 15.5 months with a median
of 4.5 months.

Comparison of Clinical Categories. Chart 2 shows the dis
tribution of CFU-c incidence for our normal subjects and pa
tients in different phases of CML, plotted on a logarithmic
scale. In the case of subjects who had 2 or more studies in the
same diagnostic classification, average values are plotted.
Three values are omitted from the â€˜â€˜chronicstage, remissionâ€•
category because of the dubious nature of these â€œremissionsâ€•
(see above). Values for the normal individuals varied ovena 20-
fold range. All 8 patients with active uncontrolled chronic-stage
disease had increased incidence of circulating CFU-c, with a
median about 20 times thatfon normal subjects. The distribution
of values and the median for patients in remission of chronic
stage disease were quite similar to those for the normal sub
jects but with a slightly greater spread (80-fold range). Patients
in the terminal phase of CML had a much greater variation in
CFU-c incidence, ovenmore than a 6000-fold range, with most
values above those of normal subjects and only one below this
range. There was a trend toward somewhat higher values
among patients classified as blastic and especially those with
more than 30% blasts plus promyelocytes at the time of study.
However, the differences among the 3 categories of terminal
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Circulating Colony-forming Cells in CML

different subpopulations of CFU-c can be induced to grow
under different in vitro conditions (4, 6).

The fact that laboratories using different culture techniques
obtain similar results with specimens from the chronic stage of
CML but divergent results with specimens from terminal stage
disease suggest that CFU-c from blastic disease have more
fastidious growth requirements than do those from chronic
stage disease or from normal subjects. It would appear that
the former require special growth factors or culture conditions
for in vitro proliferation, and that the techniques used in some
laboratories do not provide optimal conditions for their growth.
This would be similar to findings which have been reported in
acute leukemia in which improved colony growth was obtained
after additions of culture medium containing ascorbic acid not
needed by normal CFU-c (22). Perhaps our uniform success in
growing colonies from blastic patients was due in part to the
addition of a liquid culture medium overlay 24 to 48 hr after
initiation of culture. This may have replenished labile or quickly
depleted growth factors and protected the agar surface against
drying, which can beadto impaired colony formation.

We did not observe cluster formation (3 to 40 cells) with
normal peripheral blood and saw it only rarely with CML spec
imens. The maximum incidence of clusters is said to occur at
4 to 5 days of culture. Thereafter, the total number of prolifer
ating aggregates decreases, but the number of colonies con
taming 40 cells or more increases to a plateau at 8 to 14 days
(15, 20). It is possible that our failure to observe cluster
formation was due to the fact that we scored our colonies at
I 4 days by which time the small proliferating aggregates may
have disappeared. On the other hand, it may be that prominent
cluster formation reflects suboptimabin vitro conditions for cell
growth, and that our culture system supported proliferation for
longer periods, resulting in formation of larger aggregates (i.e.,
colonies rather than clusters).

We found no correlation between percentage of myeboblast
promyebocytes in circulating blood and the incidence of CFU-c
in any stage of CML. Similar findings have been recorded by
other investigators (7, 21). These data suggest that no direct
relationship exists between cbonogenic units and the number
of â€˜â€˜immaturecells capable of proliferation. â€˜â€˜This backof con
relation was most striking among patients with blastic disease;
some of whom had large numbers of circulating CFU-c during
apparently good remissions, while others had normal CFU-c
incidence at times when over one-half of their circulating beu
kocytes were myeboblastsand promyebocytes. We also did not
observe any correlation between CFU-c growth and peripheral
blood monocyte levels.

About one-half of the patients studied during the terminal
stage of CML had undergone splenectomy. Their circulating
CFU-c values did not differ significantly from those of patients
not subjected to this procedure. However, the range of values
for both groups was very broad, and many of the splenectom
ized patients were not studied until long after the procedure.
Thus, our data should not be taken to mean that splenectomy
does not affect the incidence of circulating CFU-c. It is inter
esting that a marked decrease in CFU-c values was observed

I I in each of the 3 patients studied both before and after the

90 100 procedure. This suggests that the study of the effect of sple

nectomy on circulating CFU-c would be worthwhile.
In the chronic stage of CML, we found a meaningful corre

Iation between circulating CFU-c and disease status. Patients

phase disease were not statistically significant. On the other
hand, the values in these 3 groups and among patients with
uncontrolled chronic-stage disease were significantly different
from those of the healthy controls and the patients in remission
of chronic-stage disease (p < 0.01).

Chart 3 shows the distribution of CFU-c incidence according
to the percentage of myeboblasts and promyebocytes, for pa
tients with uncontrolled chronic-stage disease, accelerated
resistant disease, and blastic disease. It is evident that there
was no correlation between frequency of CFU-c and of these
immature cells for any stage of CML.

Our findings of uniformly increased circulating CFU-c during
the uncontrolled chronic stage of CML, decreasing to values
indistinguishable from those of healthy controls during remis
sion, are similar to those reported by other investigators who
have studied such patients (7, 20, 24). In contrast to this
consensus regarding the chronic stage of CML, there is disa
greement over culture findings in the accelerated-resistant and
blastic stages of the disease. Some authors described grossly
deficient colony formation in blastic CML similar to that in acute
myeboblasticleukemia (11, 15, 20, 21). Others reported normal
or increased colony formation in most cases of blastic CML (1,
3, 17, 24, 26). Our experience would place us in the latter
group.

It seems likely that the conflicting results in blastic CML
reported by different investigators are attributable to variations
in culture technique among the reported studies. These include
different sources of colony-stimulating factors, different tech
niques of cell separation to establish cultures, different culture
media and additives, different supporting material (methyl-cel
luboseversus soft agan),and different duration of cultures (from
7 to 14 days). In addition, one must bean in mind that colony
forming cells are not a homogeneous population (10), and that

10,000

1.ooo@ . A

@ .@:@Ot@A@OA@@ @oA

MYELOBLASTS+ PROMYELOCYES,PERCENT

Chart 3. Lack of correlation between incidence of circulating CFU-c and of
immature cells in all stages of CML. x , chronic phase, active; â€¢,accelerated
resistant; L@,blastic.
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25. Robinson, W. A., Kurnick, J. E., and Pike, B. L. Colony growth of human
leukemic peripheral blood cells in vitro., Blood, 38: 500â€”508,1971.
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with uncontrolled disease had uniformly increased colony for
mation. The patients with the highest incidence of CFU-c re
qumnedmore chemotherapy to enter remission; this is similar to
the findings reported by Moore (16). Three of 5 patients with
increased CFU-c thought to be in remission proved to be
incorrectly classified, and only 2 of 16 patients in stable remis
sion had values outside the range for our healthy controls.
(One of these patients entered the accelerated stage of the
disease one-half year later.) No such correlations were seen
among patients with accelerated or blastic disease. There was
a marked variation in CFU-c incidence in these terminal stages
of CML, and incidence of CFU-c did not correlate with total
WBC count, percentage of immature cells, percentage of mon
ocytes, presence on absence of the spleen, treatment status,
or survival. We conclude that quantitation of circulating CFU-c
provides meaningful data in the chronic stage of CML but that
additional investigation will be required to elucidate the signif
icance of changes in colony formation during the terminal
stages of this disease.
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