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Table  Clinical details and colony number of the acute myloid leukaemia patients studied

Age (yr) Sex Date Date Remission Date Colonies Colonies/ml Blood
remission relapse (months) sample @2 x 10® aspirate granulocytes
(Ist/2nd|3rd) cells) (x 10—* 1Y)
47 F 23 Apr 75 23 Apr75 R1 32 2,500 32
14 May 75 12:7 4,600 59
4 June 75 13-5 4 June 75 0 0 62
19 June 75 RL 0 0 1-3
29 July 75 0 0 15
13 Aug 75 13 Aug 75 85 22,100 74
17 Sept 75 R2 28 3,200 43
25 Sept 75 2-3 1,750 23
29 Sept 75 125
35 F 26 Aug 71 12 Aug 75 11-5
3 Sept 75 10 Sept 75 40-5 5,100 57
10ct75 R2 106 4,600 51
5 Nov 75 2:6 3,400 43
18 Dec 75 35
52 F 10 Oct 75 100ct 75 RI1 128 9,150 85
13 Nov 75 30 4,500 99
19 Nov 75 1-25
47 F 25 Mar 75 15 July 75 5-4 5,400 68
2 Sept 75 RI1 17 6,400 67
7 Oct 75 05 4,700 62
— 10 +
66 F 4 Aug 75 29 Aug 75 27 7,400 66
24 Sept 75 R1 1-0 4,000 4-1
10Oct 75 2:6 5,150 63
5 Nov 75 1-8 3,350 3-8
4 Dec 75 40
68 F 17 Feb 75 21 May 75 148 22,600 63
18 June 75 93 16,550 55
16 July 75 R1 144 9,050 6-2
13 Aug 75 139 34,600 72
24 Sept 75 10-4 12,400 56
- 12 +
67 F 30 May 75 15July 75 RI 29 4,400 47
1 Aug 75 29 8,950 4-0
4 Aug 75 3-25
51 M 18 Mar 75 2July75 gy 13 9,700 52
13 Aug 75 12-7 7,550 07
— 10 +
60 M 23 Sept 74 24July75 py 7 13,000 9-7
12 Aug 75 55 12,000 77
13 Aug 75 10-75
35 M 25 June 75 21 Aug 75 20-4 15,400 59
25Sept 75 R1 57 1,650 53
16 Oct 75 66 4,400 N.A.
14 Nov 75 92 16,600 49
— 7+
31 M 21 Jan 75 22 July 75 86 6,950 78
16 Sept 75 R1 425 16,000 61
11 Nov 75 238 10,500 72
— 12 +
43 F 31 July 75 20ct 75 R1 10-6 3,200 4-6
6 Nov 75 89 9,600 46
— 6 4
17 F 26 Sept 73 31 Dec 74 150
13 Feb 74 13 Mar 75 13-0
18 Apr 75 100ct 75 R3 69 3,200 2-8
21 Nov 75 70
51 F 16 Apr 75 4 July 75 27 4,250 4.7
30ct75 RI 03 3,700 52
14 Nov 75 7-0
70 M 23 Aug 74 28 Apr 75 8-0
10 June 75 25 July 75 2 67 10,200 N.A.
26Sept 75 K2 06 7,700 54
— 7+
66 F 31 Dec 74 28 July 75 RI1 0-4 6,800 63
— 130
32 M 14 Nov 74 9 Jan 75 13 5,200 1-7
17 July 75 RI1 58 3,850 73
4 Sept 75 49 2,400 79
9 Oct 75 68 3,750 49
16 Oct 75 110

R1 1st remission; R2 2nd remission; R3  3rd remission; RL relapse; N.A. not available.
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With three exceptions, the incidence of colony-
forming cells in the acute myeloid leukaemia patients
remained well below the mean value for the control
group (24-5 colonies per 2 x 105 cells) and there was
little variation over the range of remission lengths
studied. Some patients were studied over a period of
several months when it was possible to obtain
several consecutive samples. In all but one of these
patients, the colony yields remained stable or
tended to decrease as the length of remission in-
creased.

The blood counts of these patients, while in re-
mission, were usually found to be within the range
for normal individuals (Table) although the bone
marrow tended to remain hypocellular. The number
of colony-forming cells in the marrow is a function
of its cellularity and the incidence of colony pre-
cursors. The results may, therefore, be more mean-
ingful when expressed as the number of colonies per
millilitre of marrow, with the caveat that the aspirate
is inevitably contaminated by peripheral blood. The
results expressed in this manner are shown in
Figure 2. In at least three cases there was evidence of
marked oscillations in the numbers of colonies per
millilitre, while in others all samples contained very
low numbers of colony-forming cells. Only two
measurements approached the mean value (2873
colonies ml—1) for the control group. There was no
apparent difference between the remission lengths of
patients in the oscillating and non-oscillating groups,
and changes in the numbers of colony-forming cells
per millilitre of marrow were not accompanied by
similar changes in the blood granulocyte count
(Table).

Figure 3 relates the sensitivity of the colony-
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Fig. 3 Sensitivity of the colony-forming cells in
remission marrows to cytosine arabinoside (100-300

mg kg~ mouse bodyweight) related to the incidence of
these cells. The sensitivity to the drug is expressed as
the surviving fraction of the untreated control. The
shaded area represents the range of sensitivity of normal
colony-forming cells.

forming cells to cytosine arabinoside to their inci-
dence in the marrow aspirate. These determinations
depended on the numbers of cells available and could
not be carried out for all patients at all time points.
The points represent the mean survival of the
colony-forming cells relative to the untreated control
cultures in doses sufficient to reach the plateau on the
dose-response curve (100-200 mg kg—! mouse body
weight—see Methods); the shaded area shows the
range of survival for normal bone marrow colony
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growth using the same doses of cytosine arabino-
side. Although the material available and the re-
sultant numbers of colonies limit confidence in the
data, there is a definite trend towards increased
sensitivity to cytosine arabinoside when the incidence
of colony-forming cells is lower than 10 colonies per
2 x 105 cells while the sensitivity is within the normal
range when the colony incidence is higher.

Discussion

The agar diffusion chamber technique provides
favourable conditions for the growth of colonies
from human bone marrow (Gordon et al., 1975).
The colonies cultured from haematologically normal
bone marrow aspirates contain granulocytic and
mononuclear cells, and their incidence suggests that
they derive from an early granulocytic precursor cell.
These features, together with the similar morphology
and development of colonies in diffusion chambers
and in agar in vitro, indicate a close relationship
between the cells cultured in these two systems.
Additional data pertaining to the equivalence of
diffusion chamber colonies and the in vitro CFU-C
are available from studies using mouse bone marrow
cells. Treatment with 3HTdr inhibits the growth of
murine colonies in diffusion chambers and in vitro to
the same degree (Gordon, 1974), and the cells in the
chambers are known to be exposed to the colony-
stimulating activity necessary for in vitro colony
growth (Gordon and Blackett, 1975; Gordon and
Lindop, 1975).

The present results show that patients with acute
myeloid leukaemia may be maintained in remission
with an adequate supply of blood cells despite sub-
normal numbers of granulopoietic colony-forming
cells in the marrow. The effect of immunotherapy on
this cell population is difficult to evaluate since there
is no adequate control (non-immunotherapy) group
of patients available for study. However, comparison
of colony yields in early and late remission (Fig. 1)
shows that immunotherapy does not act by increasing
the incidence of these cells while Fig. 2 shows only
transient increases in the total numbers of colony-
forming cells in a few patients. The observed fluctua-
tions in the numbers of colonies per millilitre were
not accompanied by changes in the blood granulo-
cyte count; neither were the blood counts of those
patients with consistently low numbers of colony pre-
cursor cells per millilitre of marrow markedly differ-
ent from those who achieved periodic high colony
yields.

Immunotherapy does not appear to act by in-
creasing the marrow reserve of these early granulo-
cytic cells since there is no obvious or consistent
increase in colony number with prolonged treat-
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ment, and the return to normal numbers of colony-
forming cells reported by others during remission
(Brown and Carbone, 1971; Moore et al., 1973;
Bull et al., 1973) was not achieved. The maintenance
of adequate blood granulocyte counts may, however,
be related to the proliferative activity of the colony-
forming cells, resulting in an increased output of
mature cells per colony precursor cell rather than in-
creased renewal of the progenitor cell population.
This idea was tested by measuring the sensitivity
of the cells to cytosine arabinoside since an increase
in the proliferation rate of colony precursor cells
results in an increase in their sensitivity to this
drug (Gordon and Douglas, 1975). These experi-
ments showed that a low incidence of colony cells in
the marrow was related to an increase in their pro-
liferation rate, and the results are therefore con-
sistent with the idea that the efficiency of granulo-
cyte production is increased in these remission
marrows at the expense of increasing the size of the
precursor cell population.

Neither the results from the experiments using
cytosine arabinoside nor the measurements of colony
numbers support the idea that the success in re-
inducing remission and prolonging survival during a
second remission is due to a protective effect of
prior immunotherapy on the marrow precursor cells
since their proliferative state might be expected to
render them more, rather than less, vulnerable to the
cytotoxic effects of reinduction chemotherapy.
Another mechanism for the beneficial effects of
immunotherapy must therefore be sought.
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