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Tritiated Thymidine Triphosphate Nuclear 
Labelling in 48 Patients with Acute 
Leukaemia 
(Correlation with clinical data and response to 
chemotherapy)* 

GUNHILD LANGE WANTZIN 

Division of Haematolog),, Department of Medicine A, Rigshospital, University Hospital of Copenhagen, Copenhagen, 
Denmark 

Abs t rac t - -The  results of 48 patients with acute leukaemia labelled with 3H- 
thymidine-5'-triphosphate detecting the presence of DNA polymerase and primer 
template D]@I together with cell kinetic parameters are presented. 

In 67 palients with acute myeloid leukaemia (AML), the probability for entering 
remission increases the younger the patient. This was not found in acute lym phob lastic leukemia 
(ALL). Statistical sign~'cant correlation between mitotic index (MI) and 3H-tl~,midine 
labelling index was found in patients with AML. The correlation between M I  and 3H- 
thymidine-5'-triphosphate labelling index was almost sign~cant at the 5 % level in patients 
with ALL. Olherwi~e, no correlation was found between cell kinetic parameters and these 
compared to Jc~ponse to chemotherapy or other clinical data. 

I N T R O D U C ~ O N  

THE RESPONSE to mos t  cytostatic drugs varies 
for the different types of leukaemia, but also 
from patient to patient with apparently the 
same diagnosis. In order to predict the re- 
sponse to chemotherapy, various studies have 
been done in correlating the clinical drug 
effect with cell kinetic studies, but only in a 
few studies, a large number of patients have 
been examined [1-3]. 

A new method which detects the presence 
of DNA polymerase and primer template 
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DNA in leukaemic blasts cells was introduced 
in 1976 [4]. Up to now 83 patients with acute 
leukaemia have been studied, of whom 35 
were previously reported [5] and the last 48 
patients are published here. In addition, cor- 
relation among 3H-TdR LI, MI and 3H-TTP 
LI and their relationships to cliriical data are 
presented. 

MATERIALS AND M E T H O D S  

Thirty-eight patients with acute myeloid 
leukaemia and 10 patients with acute lym- 
phoblastic leukaemia were studied. Bone mar- 
row samples were taken at the time of diag- 
nosis except for three patients (see legend to 
Table 1). Blood samples were studied in 10 of 
the patients. Three of the patients were stud- 
ied later during the course of the disease. 

Bone marrow and blood was smeared di- 
rectly on the slides and stained with M a y -  
Gr/.inwald-Giemsa. The percentage of blast 
cells in mitosis from late prophase to telophase 
(mitotic i n d e x = M I )  was determined from a 
count of 3000-9000 blast cells in each sample. 
A blood leukocyte count and a differential 
count of 200 cells was d~mc. The total numln'r 
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of blast cells per /M of venous blood was 
determined on basis of the mentioned para- 
meters. Part of the sample was incubated with 
3H-thymidine (aH-TdR) (spec. act. 
2.0 Ci/mM, New England Nuclear) for l hr at 
37cC [6]. The percentage of 3H-TdR labelled 
cells (3H-TdR LI)  was determined from auto- 
radiographs (Kodak NTB-2, exposure time 7 
days) counting at least 1000 leukacmic blast 
cells. 

Part of the remaining aliquot was smeared 
immediately on rinsed glass slides fixed in 
absolute ethanol: acetone (1 : 1 v/v) [br 5 rain 
at 0°C and incubated as previously reported 
[5]. Briefly, incubation mixture consists of 
20mM Tris (pH=7.8) ,  0.135mM each of 
2-deoxyadenosine-5'-triphosphate (dATP), 
2-deoxyguanosine-5'-triphosphate (dGTP), 
2-deoxycytidine-5'-triphosphate (dCTP) 
(Sigma) respectively, 5mmole MgC12 and 
Ficoll (Sigma) in a concentration of 
40g/100ml. The final volume in each cham- 
ber was 0.5 ml to which 10/~Ci BH-TTP (New 
England Nuclear, U.S.A., spec. act. 40-60 
Ci/mmolc) was added. Incubation time l h r  
at 37°C tbllowed by rinsing, fixation and 
subsequent rinsing. Autoradiographs were pre- 
pared using Kodak NTB-2 dipping emulsion 
with an exposure time of 2 weeks. At least, 
1000 blast cell nuclei were counted to de- 
termine the percentage of nuclei labelled with 
3H-TTP (3H-TTP labelling index=3H-TTP 
LI). 

The distribution of 3H-TTP labelled blast 
cells with respect to their DNA content was 
determined by ultramicrospectrophotometry 
(Zeiss UMSP-I)  after Feulgen staining in two 
patients (SB, ALN) as previously described by 
Ernst and Kilhnann [71. 

The response to chemotherapy was grouped 
into (1) remission (less than 5(!), blast cells in 
the bone marrow and normal peripheral va- 
lues), (2) response to treatment (no blast cells 
in the peripheral blood and normal leukocyte 
counts) and (3) no response to treatment. 

All patients with AML were initially trea- 
ted with cytosine arabinoside (i.v. bolus in- 
jection) (2.5mg/kg BW usually for 4--6 days) 
and thioguanine (2 mg/kg BW usually for 4-6 
days). Some patients received daunomycin 
(i.v. bolus injection) (1.5mg/kg BW usually 
for 2 ~  days). The patients with ALL all 
received prednisone and vincristine (i.v. bolus 
injection) as induction therapy, (prednisone: 
1.5mg/kg BW the first day, thereafter 
0.4mg/kg BW, vincristine 0.03 mg/kg BW). 
All patients had to fulfil one course of cytos- 
tatic treatment to be considered to demon- 

strate a response to treatment. Eightcen 
AML patients who failed to receive one tull 
course of cytostatic treatment (patients in 
other hospitals or patients who died soon after 
adlnission to the hospital) are not included in 
the statistical correlation with response and 
remission (Table 1). Survival was determined 
from the time of diagnosis until death. A few 
patients were still alive at the time of writing 
(see legends to Tables 1 and 2). Correlation 
was done between the cell kinetic parameters 
and the clinical data given in Tables 1 and 2, 
and the previously published data [5]. The 
previously reported data includes the same 
parameters as shown in "Fables 1 and 2, 
except the blast cell count, The statistical 
analysis was done by using non-parametric 
methods (Maim-Whitney test and the 
Spearmans Rank correlation coefficient test). 
The data were analysed separately for AML 
and AI~L. 

RESULTS 
A M L  

in all but 3 of the 38 patients examined at 
time of diagnosis the aH-TTP LI of bone 
marrow varied fi'om 12.2 87.9'!~ with a me- 
dian of 36'I. ,, Blood samples were studied in 6 
patients and here the 3H-TTP LI varied 
between 2.1 and 51.5%. The 3H-TTP values 
of the bone marrow exceeded the values of 
the blood. The 3H-TdR LI varied between 
0.9 and 25.4'!, in the bone marrow with a 
median of 8.90~, and between 1.6 and 7.401~ 
in the blood. The MI values ranged from 0.10 
to 1.75(!0 with a median of 0.75";,. The 3H- 
TTP labelled blast cells with respect to their 
DNA content showed a distribution of cells 
through the entire cell cycle with a peak at 
2n and a less pronounced peak at 4n (data 
not shown). Patient H H H  was studied later in 
the course of the disease, when in remission 
(Fig. 1). The 3H-TTP LI was significantly 
lower (16.02,) than at the time of diagnosis 
(76.10i~), and the 3H-TdR I,l had increased 
to ahnost the value of the 3H-TTP LI from 
0.9 to 13.5'!~,. The MI showed an increase 
from 0.10 to 0.75?,. 

The age of the patients with AML varied 
between 1 and 85yr (median 63yr). The age 
distribution is given in Fig. 2. Patients were 
grouped into response categories as described 
previously. Of the 67 patients with AML, 18 
were indeterininate as to response. Among the 
remaining 49 patients there were 31 patients 
responding to chemotherapy, of whom 10 
patients achieved complete remission. The 
pr(~l)al)ilit\ tbr remission in patients with 
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A M L  decreases with age (P<O.05). Th e  age 
of the patients achieving complete  remission 
varied between 15 and 74yr  with a median  
value of 44 yr. On the contrary,  the age of 
the patients achieving no remission varied 
hctwcen 1 and 83y r  with a median value of 
59 yr. Survival was closely related to response 
to chemothe rapy  as well as to remission (P 
<0 .001) .  Clear  statistical correlat ion was seen 
between 3 H - T d R  IA and MI  ( P < 0 . 0 5 )  (Fig. 
3). However ,  dmre was no correlat ion be- 
tween 3 H - T T P  Id  and MI  or 3 H - T d R  I~1, 
nor these compared  to age, sex. leukocyte 
count,  blast count  and survival. T h e  3 H - T d R  
LI,  MI  and 3 H - T T P  LI  had no predictive 
value concerning the chance of response or 
remission. 

3H.TTP L I H H H  

3H-TDR LI * - - ,  3H'TTP LI 
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In 10 patients, the 3 H - T T P  I,I of bone 
marrow varied from 12.9 to 54.6'! ,  with a 
median of  26.8'I,,. Blood was studied in 4 
cases and 3 H - T T P  LI  in 1)lood varied be- 
tween 3.4 and 22.1" 0 . The  3H- 'FTP values of 
the bone marrow exceeded the values of the 
1)lood. 3 H - T d R  LI varied between 0.8 and 
15.0";, in bone marrow with a median of 
6 . 4 , .  and between ().8~,, and 7.2 <'. in the 
blood. Th e  MI ranged from 0.32 to 1.13".  
with a median  of 0 .64" , .  

Pat ient  ABH was studied again when she 
was in remission. Th e  3 H - T T P  LI was signi- 
ficantly lower (13.4",, ) dur ing remission than 
at the time of diagnosis (54.6~}i,), however, the 
3 H - T d R  LI value had increased from 3.4 to 
9.6"~,. Patient YVE was studied when per- 
ipheral relapse appeared,  at this time the 3H- 
T 'FP value was the same as at the time of 
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diagnosis. Both BH-TdR LI and MI ,had 
increased moderately. 

The age of the patients with ALL varied 
between 11 and 70yr with a median of 32 yr. 
Of  the 16 patients, 14 responded to chem- 
otherapy and went into complete remission. 
No significant correlation was found between 
age and response to chemotherapy in patients 
with ALL. Significant correlation among sur- 
vival, response to chemotherapy and remission 
(P<0.02) was seen, There seemed to be some 
correlation between aH-TTP L! and MI, but 
this was not significant at the 5°~ level (Fig. 
4). Comparison between 3H-TdR LI, MI and 
3H-TTP LI, and these with age, sex, leu- 
kocyte count, blast count, survival, response 
and remission revealed no significant 
correlation. 

DISCUSSION 

The present paper demonstrates the cell 
kinetic results in 48 patients with acute 
leukaemia, in addition nuclear labelling of 
leukaemic blast cells with tritiated thymidine 
triphosphate is demonstrated. The average 
and median values of the pretreatment stu- 
died parameters are consistent with the pre- 
viously published 35 patients [5]. 

Two patients, one with AML (HHH, Fig. 
1) and one with ALL (ABH, Table 2) were 
studied later during the course of the disease, 
when the patients were in remission. The 3H- 
TTP LI had decreased, while the 3H-TdR LI 
had increased thus achieving a 3H-TTP 
LI /3H-TdR LI ratio of 1.3:1. These results 
are consistent with the findings in normal 
bone marrow, where the 3H-TTP LI values 
only moderately exceeded the 3H-TdR LI 
values (1 1.6:1)[5]. 

In one patient with ALL (YVE, Table 2) 
studied at the time of relapse, the 3H-TTP LI 
and 3H-TdR LI were almost identical with 
pretreatment values, but the MI had in- 
creased at relapse. The 3H-TdR LI in ALL 
patients at diagnosis and at relapse were 
almost identical as observed by Karle el al. [8] 
using in vivo 3H-TdR and by Gavosto and 
Masera using in vitro labelling [9]. 
Inconsistent with these results are the previous 
observations with higher 3H-TdR LI at early 
relapse as compared to diagnosis [10-12]. 

To our knowledge, statistical analysis on 
cell kinetic parameters have not been studied 
so far. In patients with AML, a clear cor- 
relation between the BH-TdR LI and MI is 
evident as seen in Fig. 3. This finding is 
expected, as a cell entering S-phase is bound 

to enter mitosis some time. In ALL, an almost 
significant correlation between 3H-TTP LI 
and MI was seen (Fig. 4), whereas correlation 
between 3H-TdR LI and MI was not 
achieved. The difference between 3H-TdR LI 
and BH-TTP LI in patients with ALI, is not 
as pronounced as the difference between these 
two parameters seen in patients with AML. 

Patients with acute leukaemia entering re- 
mission live significantly longer than those 
who fail to respond to chemotherapy. This 
was also clearly supported by the present 
investigation. Furthermore, the probability for 
entering remission was found higher with youn- 
ger age in patients with AML as observed 
by Hart et al. [2] although Gunz el al. found 
no significant correlation between induction of 
remission and age [13]. It seems that at an 
age over 70yr, the induction of remission is 
very low [13, 14]. This is in agreement with 
the present results. However, no correlation 
between response to treatment and age was 
observed. The literature on this finding is 
inconsistent. 

There was no correlation between age (me- 
dian 32yr) and remission or response to 
chemotherapy in patients with ALL (Table 
2). This is consistent with the work by 
Willemze et al., who studied 41 patients with 
a median age of 19yr and found no difference 
in duration of complete remission obtained in 
patients between 14 and 20yr of age and 
older patients [15]. In another work by Gee el 
al., better results in remission iate, remission 
duration and survival of children as compared 
to adults on the same drug regime were found 
[16]. But in this work, the median ages were 4 
and 23yr, respectively, and cannot be com- 
pared to our data or the work by Willemze et 
al. [15]. 

Several investigators have demonstrated a 
better response to chemotherapy in patients 
who had a high initial 3H-TdR LI [2, 17]. 
An increase in 3H-TdR LI after various cyt- 
ostatic drugs have also been demonstrated to 
be correlated with response to treatment [18, 
19]. In this study, where 67 patients with 
AML were examined, there was no significant 
correlation between the pretreatment cell kin- 
etic parameters, 3H-TTP LI and the re- 
sponse to cytostatic treatment. This is con- 
sistent with the results of Vincent et al. [20] 
and partly consislent with what Vogler et al. 
[3] tbund. 
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