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Summary. Diacetyldianhydrogalactitol (DADAG), a new H2C"N 
alkylating sugar alcohol derivative, was administered as [ 
single, 30-min infusions in doses ranging from 390 to tlC 7 0  
1200 mg/m 2. The dose-limiting toxicity was myelosuppres- ] 
sion. The median times to WBC nadir and regeneration A c O ~ C H  
were 16 and 21 days, and to platelet nadir and recovery 20 [ 
and 27, respectively. Nausea and vomiting occurred fre- A c O ~ C H  
quently and were of moderate severity. For phase II stud- [ 
ies 900 mg /m 2 DADAG given every 4 - 6  weeks is recom- 
mended. The area under the plasma concentration time HC~!-- 
curve (AUC) for DADAG did not increase in proportion H 2 ~ / O  
with dose escalation; it changed only from 235.5 +70.7 to 
262.4_+71.5 lig h ml - I  between doses of 690 and 1050 rag/ 
m 2. No correlations between the dose administered and 
the nadir values for haemoglobin concentration, WBC and 
platelet counts, or the number of episodes of vomiting 
were demonstrable in this dose range. Such an association 
was revealed, however, when the above biological var- 
iables were related to the individual AUC for DADAG. 

Introduction 

DADAG (1,2 : 5,6-dianhydro-3,4-diacetyl-galactitol (Fig. 1) 
is a new alkylating sugar alcohol derivative synthesized in 
Hungary [10, 16]. Dibromodulcitol was the first substance 
in this group that was found to be effective against solid 
tumours. Mammary, head and neck, cervical, bronchial, 
and brain tumours were found to be especially sensitive [2, 
5, 7, 8, 9, 15]. Its pharmacologically most active metabo- 
lite, dianhydrogalactitol (DAG), proved to be too toxic in 
clinical studies [2, 11]. The 3- and 4-substituted analogues 
of DAG retained the antitumour activity but proved to be 
less toxic [10]. The most promising member of this series, 
DADAG, exhibited a higher therapeutic index than either 
DBD or DAG in Walker tumour and in  Harding-Passey 
and B-16 melanomas [1, 18]. In addition, the drug easily 
penetrated the blood brain barrier and was effective 
against intracerebrally inoculated ependymoblastoma ac- 
cording to the data of the EORTC Screening Group [1]. 
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Fig. 1. Chemical structure of 1,2:5,6-dianhydro-3,3-diacetyl- 
galactitol (DADAG) 

Bone marrow impairment was recognized as the main tox- 
icity. 

A human tolerance study undertaken with low doses 
administered for 5 consecutive days proved to be well tol- 
erated, but produced an unsightly long-lasting discolor- 
ation over the veins used repeatedly for drug infusions. 
Functional damage was not observed. The dose-limiting 
toxicity was the inhibition of granulocytopoiesis; in severe 
cases the nadir and regeneration occurred late, on clays 30 
and 35, respectively [12]. 

In the toxicological studies carried out according to the 
guidelines of the CMEA (Council of Mutual Economic 
Assistance), for cancer cooperation [3], daily doses ap- 
proximately 2 -3  times higher could be administered to 
both rats and dogs when an intermittent administration 
schedule was used, with essentially the same side effects 
[1]. Moreover, antitumour activity was not schedule-de- 
pendent. It seemed to be important to study the toxicity 
and the time course of myelosuppression in humans also 
with single, high doses. It was hoped that the vascular toxi- 
city could be overcome by decreasing the number of drug 
infusions. For the new trial the highest tolerable daily dose 
with the 5-day schedule, 390 mg /m ~, was selected as the 
starting dose [12]. In addition, DADAG and DAG concen- 
trations were measured in several patients, to look for pos- 
sible correlations between the plasma levels of the parent 
compound and its main metabolite DAG and also between 
the pharmacodynamic effects and the AUCs for DADAG 
and DAG. 
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Patients and methods 

The phase I study was carried out in close cooperation be- 
tween the oncologic institutes of Budapest and Brno, ac- 
cording to a protocol accepted by the ethical committees 
of both. Altogether 25 patients entered the trial, all having 
histologically verified malignancies. The administration of 
DADAG was decided upon if no benefit was expected 
from conventional therapy and at least 1 month had 
elapsed between the termination of the last radio- or che- 
motherapy. The patients were all younger than 70 years 
and had a life expectancy of at least 2 months. Further re- 
quirements were the absence of severe cardiorespiratory 
troubles, and serum bilirubin and creatinine levels lower 
than 25 and 130 ~tmol/1, respectively. The WBC and plate- 
let counts were required to be equal to or over 4 × 109/1 
and 100 x 109/1. At least two subjects were examined at 
each dose. Patients were treated again at the same or a 
higher dose if they fulfilled the entrance criteria at the start 
of the new DADAG administration. A minimum of 4 
weeks was required to elapse after each cycle before the 
next. The dose was increased only in 30% increments and 
the amount of the increment was reduced to 15% if mild or 
more severe haematotoxicity was encountered in at least 
two patients at the last evaluated dose. 

WBC, platelet and differential counts were performed 
before the trial, twice weekly in the 1st and 2nd weeks 
after drug administration, and later once a week. Haemo- 
globin, haematocrit, serum creatinine, urea nitrogen, bili- 
rubin, transaminases, gamma-glutamyl-transpeptidase 
(GGTP), alkaline phosphatase (ALP), total protein, cal- 
cium, phosphorus, potassium, sodium, and chloride levels 
were determined before treatment and at the end of the 1st 
and 2nd weeks. A complete clinical and laboratory check- 
up was made 4 -6  weeks after drug infusion. Performance 
status and therapeutic and toxic effects were evaluated ac- 
cording to the WHO recommendations [14]. 

DADAG was made available by the Chinoin Pharma- 
ceutical and Chemical Works as a white, freeze-dried pow- 
der. The 50 mg drug contained in each ampoule was dis- 
solved in 10 ml saline and diluted further with 300-500 ml 
saline, then infused over 30 rain. During infusions the pa- 
tients were connected to cardiac monitors. Measurements 
of ECG parameters were taken before and after infusion. 
The severity of nausea and the number of episodes of vom- 
iting were followed on the basis of self-reporting on data 
sheets given to the patients. At the time of the first expo- 
sure to DADAG no antiemetic therapy was given. If the 
patient had vomited during the first exposure to DADAG, 
1 ampoule of Torecan (6.5 mg thioethylperazin) was given 
before and after drug infusion in subsequent cycles. 

In subjects treated in Budapest, plasma levels of both 
DADAG and DAG were determined in samples taken be- 
fore, immediately after, and then 30, 60, 90, 120, 150, and 
180 rain and 24 h after the infusion. These time points 
were necessary to measure the maximum concentrations of 
both DADAG and DAG, the latter occurring 60-120 min 
after the termination of DADAG infusion. The value 
measured at 24 h was regarded as the minimum value, 
while the average of the maximum and minimum concen- 
trations was called the daily mean plasma concentration. 
The areas under the curve (AUC) from 0 to 24 h were cal- 
culated for both DADAG and DAG by the trapezoidal 
rule. The analytical method and the pharmacokinetic be- 
haviour of DADAG are described in more detail by Erd6- 

lyi-T6th et al. [6]. In short, 5-ml blood samples were each 
immediately mixed with 50 Ixl heparin and 100 gl 100 rag% 
eserine (Physostigmine, Fluka). The latter was added to 
block deacetylation of the drug in vitro. DADAG and 
DAG were trapped on an Amberlite XAD-2 resin (Serva) 
column and were eluted with ethyl acetate and methanol. 
DAG was derivatized with n-butaneboronic acid. GLC 
was performed with a CHROM 42 (Kovo) gas chromato- 
graph equipped with FID, on a GAS CHROM Q/SE 30 
column. The detection limits were 0.5 p~g/ml for DADAG 
and 0.8-1 p~g/ml for DAG. All measurements were done 
in the linear range. The coefficient of variation was 5%. 

For estimation of the sensitivity of GM-CFU c (granulo- 
cyte-macrophage colony-forming cells in cell culture), 
bone marrow cells of BALB (cxCBA) F1 mice were ex- 
posed to the drugs in a liquid medium at 37 ° C for 60 min. 
Surviving GM-CFUc were estimated in soft agar cultures. 
Human bone marrow cells were obtained from patients 
undergoing bone marrow aspiration for diagnostic pur- 
poses [19]. 

The pharmacokinetic and biological parameters meas- 
ured at the different doses were compared with the Krus- 
kal-Wallis one-way analysis of variance by ranks [17]. As- 
sociation between these parameters were tested with the 
Spearman rank correlation test [17]. The difference be- 
tween related correlations was assayed by the Hotelling 
t-test [20]. 

Results 

The mean age of the patients in this trial was 50 years, the 
youngest and oldest being 27 and 68 years old, respective- 
ly. Of the 25 patients, 13 were women and 12 were men. 
The median performance status was 2 (1-4) indicating 
that the majority of patients spent less than 50% of their 
waking h in bed. The distribution of cases by tumor type 
was as follows: 6 melanomas, 5 cervical, 1 ovarian, 2 
breast, 2 lung, 1 gallbladder, 1 renal, and 2 embryonal car- 
cinomas, 1 haemangiopericytoma, and 4 sarcomas. Six pa- 
tients had had no previous treatment, 4 had been irradiat- 
ed, 1 had received endocrine treatment, and 10, chemo- 
therapy. Combined-modality treatment had been given in 
4 cases. None of the subjects had been pretreated with 
either mitomycin C or nitrosoureas. 

The following DADAG doses were studied: 390, 525, 
690, 915, 1050, and 1200 mg/m 2. Altogether 40 cycles were 
evaluated. One patient received 4, twelve 2, and all the 
others, 1 course. The highest cumulative dose of 5185 mg/  
m 2 was reached in a patient whose treatment was started 
with the daily low-dose schedule. 

The main side effect was haematotoxicity (Table 1). 
Decrease of the red blood cell (RBC) count or haematocrit 
value together with the haemoglobin level below 
6.8 retool/1 was encountered in 19 cycles. The median ini- 
tial haemoglobin concentration of 7.9 mmol/1 (6.8-9.7) 
fell to 5.9 (3.6-6.6) retool/1 at day 15 (5-24). Recovery 
time was not calculated since the patients received transfu- 
sions as required. 

Decrease of WBC count below 4 x 109/1 also occurred 
in 19 cycles (Table 1). In the clinically relevant dose range 
between 690 and 1050 mg/m 2 the median WBC nadir in 
these cycles was 2.8 (0.4-3.9) x 109/1. Only in 3 cycles 
were the values below 1 x 109/1. Nadir and regeneration 
occurred on days 16 (4-33) and 21 (11-36), respectively. 
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Table 1. Frequency and severity of toxicity according to dose 

Dose mg/m 2 Haemoglobin WBC Platelets Nausea/vomiting 

390 0/2 - 0/2 - 0/2 - 0/2 - 
525 2/5 1.5 (1-2) 2/5 1 (1) 0/5 - 3/5 2 (1-2) 
690 5/11 2 (1-3) 5/11 2(1-2)  3/11 2(2) 9/11 2(1-3)  
915 8/13 3 (1-4) 6/13 2(1-4)  3/13 3(1-4)  11/13 2(1-4)  

1050 3/8 3 (1-2) 5/8 1 (1-4) 2/8 1 (1-3) 7/8 2 (1-2) 
1200 1/2 1 1/1 3 0/1 - 1/1 4 

The number of courses with toxicity divided by all courses evaluated at the given dose level are shown at the left of each column, while on 
the right the median and the range of the WHO severity scores are given for the toxic cycles 

Both granulocytes and lymphocytes were affected by the 
drug. However, the decrease and regeneration of lympho- 
cyte count occurred before similar changes in the granulo- 
cyte series. A decrease of platelet count was seen altogeth- 
er in 9 cycles (Table 1). In these cycles the median  of the 
nadi r  was 70 ( 2 0 - 9 0 ) x  109/1, only 3 values being below 
50x  109/1. The nadir  and regeneration occurred late, on 
days 20 (12-32) and 27 (23-45),  respectively. 

Nausea and vomiting of moderate severity (WHO 
grade 2) occurred in the majority of cycles (Table 1). The 
median  number  of episodes of vomiting was 6 (0-25),  and 
the nausea was rated by the patients as moderately inten- 
sive. Gastrointestinal  disturbances started 2 - 3  h after the 
start of the infusion,  and lasted for 4 - 6  h. Torecan given 
before and after the infusion and then after the start of 
vomiting was not  effective. Diarrhea was noted in 3 cycles 
at dose levels of 915 and 1050 mg/m< Reversible increases 
of LDH activity were occasionally measured, while the 
elevation of hepatic enzyme activities occurred only once. 
There was bleeding from the tumor in four cases. In one 
patient  decoloration over the vein was seen after the infu- 
sion. If extravasation occurred it caused moderate to se- 
vere local irritation. ECG and blood pressure did not 

change, except in one patient after the 5th and 6th cycles, 
when extrasystoles were seen after infusion, which disap- 
peared without treatment within the next few days. An- 
orexia and weakness were reported by the patients re- 
peatedly. 

Among the 25 cases 1 partial remission of short dura- 
t ion was seen, in a patient suffering from melanoblastoma. 
Moderate remission (25%-50%) occurred in another pa- 
tient with hypernephroma,  while stabilization of two cases 
of cervical and one of epidermoid lung cancer was ob- 
served. 

The plasma concentrat ions and the AUC of both DA- 
D A G  and its main  metabolite D A G  increased only slightly 
with dose escalation; for example the AUC of D A D A G  
changed only from 235_+70.7 to 262.4 _+ 71.5 ~tg h/m1-1 
when the dose of D A D A G  was raised from 690 to 
1050mg/m 2 (Table2).  Similarly, the alterations in the 
haemoglobin concentrat ion,  WBC and platelet counts, 
and the number  of episodes of vomiting did not  follow the 
rate of dose escalation (Table 2). One-way analysis of vari- 
ance failed to reveal any significant differences with dose 
level in any of the pharmacokinetic  and biological 
variables. 

Table 2, Toxic parameters, DADAG and DAG plasma values according to dose (Means _+ SD) 

Dose mg/m 2 525 690 915 1050 

Number of cycles 1 6 8 5 

DADAG a 
Maximum concentration (~tg/ml) 62.7 54.4 + 11.3 43.8 + 12.4 66.6 + 13.0 
Mean dailyconcentration (l.tg/ml) 33.3 30.4 + 6.2 25.2 +_ 6.6 37.3 _+ 6.7 
AUC (bg h-I ml-l) 97 235.5 ___ 70.7 224.3 _+ 87.0 262.4 + 71.5 

DAG a 
Maximum concentration (~tg/ml) 3.6 4.1 + 2.2 3.4 + 1.9 4.5 + 1.6 
Mean daily concentration (~tg/ml) 2.1 2.8 + 1.2 2.1 + 1.3 3.2 ___ 0.5 
AUC (gg h -~ ml -~) 22 32.7 __+ 11.2 34.0 + 18.9 39.4 ___ 9.5 

Nadir of haemoglobin concentration b (retool/l) 4.6 7.9 + 1.2 6.1 + 1.3 7.5 _+ 1.2 

Nadir of WBC count b (x 109/1) 4.2 3.5 _+ 1.3 2.9 _+ 1.7 4.0 + 1.2 

Nadir ofplatelet count b (x 109/1) 160 130.0 + 71.3 146.3 _ 82.6 124.0 ___ 58.6 

Number of episodes of vomiting 5 10.7 ___ 9.3 7.9 ___ 7.6 4.0 + 4.0 

Daily maximum and minimum concentrations of DADAG are those measured immediately and 24 h after the termination of the in- 
fusion; their average is referred to as the mean daily concentration. For DAG the maximum was selected from serial measurements 

b The lowest values observed for haemoglobin concentration and WBC and platelet counts during the cycle were given irrespective of 
whether they were above or below the WHO specified toxicity threshold. Only those cycles were considered for which all the listed 
parameters were available 
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Fig. 2 A-D. The distribution of toxicity parameters according to the AUC of DADAG. The Spearman rank correlation coefficient (Rs) 
and the level of significance are giyen for each panel. A nadir of hemoglobin concentration,/~ = -0.17, not significant. B nadir of WBC 
count, R s = - 0.19, not significant. C nadir of platelet count, R~ = - 0.594, P< 0.01. D number of episodes of vomiting, R~ = 0.51, P< 0.05 

Because of  the wide personal variations we attempted 
to correlate the toxicity and drug levels in individual pa- 
tients irrespective of  the dose given (Fig. 2). The severity of  
all side effects became more pronounced with increasing 
AUC of D A D A G ,  but the Spearman rank correlation was 
only significant in the cases of  the platelet nadir 
( R s = - 0 . 5 9 4 ,  P<0.01)  and the number of  episodes of  
vomiting (Rs=0.51 , P<0.05).  The relation between the 
AUC of D A D A G  and D A G  was also significant 
(R~=0.46, P <  0.05). Consequently it is not surprising that 
there were no statistical differences between the correla- 
tions relating the toxic effects to the AUC of D A D A G  and 
those established between the same pharmacodynamic  ef- 
fects and the AUC of DAG. Finally, similar correlations 
were obtained when the daily mean plasma level of  either 
D A D A G  or DAG was used as reference instead of  the 
AUC. 

Discussion 

In this study the maximum tolerated dose with predictable, 
severe toxicity was not reached. Several considerations 
prompted us to decide against further dose escalation. 
First of  all, the myelotoxicity seems to be cumulative. One 
of  the patients developed a life-threatening drop of  both 
WBC and platelet counts after a cumulative dose of  
5815 m g / m  2. It was even more disturbing that in two pa- 
tients, who entered the trial without pretreatment at 
1050 m g / m  2, WBC nadirs o f  2 × 109/1 and 3 x 109/1 were 
seen after the second cycle. A third, heavily pretreated 
woman required WBC and platelet transfusions for a pro- 

longed period even after the first infusion of  1050 m g / m :  
DADAG.  The only patient to whom 1200 m g / m :  was in- 
fused, who died shortly thereafter, had a WBC count of  
1.8 x 109/1. It is evident that with 900-1000 m g / m :  a dose 
range of  crucial importance was reached, where differ- 
ences in drug metabolism, bone marrow reserve, etc. might 
cause serious toxicity. The correctness of  our decision was 
proven in the course of  our ongoing therapeutic trial, in 
which up to ten infusions of  900 m g / m  2 could be success- 
fully given with acceptable side effects. 

The dose acceptable for clinical practice turned out to 
be higher than expected. In rats and dogs cumulative doses 

th ree  to five times higher could be given when they were 
divided over 5 consecutive days [1]. Similar findings were 
reported by Kovhcs et al. [13], who found that in mice the 
exponential part of  the dose response curves relating the 
surviving fraction of  GM-CFUc to D A D A G  or D A G  doses 
decreased more rapidly after single than after repeated in 
vivo administrations. Consequently, when divided doses 
were given over 5 consecutive days approximately three 
times more drug was needed to decrease the G M - C F U  c 
content of  the bone marrow by 50%. In humans, the maxi- 
mum tolerated daily dose with the 5-day schedule was 
390 m g / m  2, giving a total dose per cycle of  1950 m g / m  2 
[12]. Consequently, the tolerated daily dose with high- 
dose intermittent administration was calculated at 
600-700 rag/m:.  This assumption was further supported 
by the steep dose response curve of  the in vitro-treated hu- 
man GM-CFUc [19]. Fifty percent inhibition of  colony 
forming was caused even by as little as 25 p~g/ml D A D A G ,  
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which corresponded to the daily mean plasma concentra- 
tion measured after the administration of  390 m g / m  2 DA- 
D A G  [12]. Doubling '  this concentration decreased the 
number  of  surviving precursor ceils to about 5%. It was 
thus surprising to find that following an almost threefold 
increase of  the daily dose the frequency and severity of  
myelotoxicity changed only slightly. 

The explanation was offered by the plasma level mea- 
surements. In spite of  the considerable individual varia- 
tions in drug metabolism, which must be expected in an 
unselected group of  patients receiving various supportive 
medication, it is clearly evident that neither the plasma 
concentrations nor  the AUC of  D A G  and D A G  increased 
in parallel with the dose escalation. The drug shows dose- 
dependent  pharmacokinetics over a daily dose of  
300-400 m g / m  2, as described in the companion paper to 
this [6]. In the dose range of  690-1050 m g / m  2, which was 
studied extensively in this trial, the individual plasma con- 
centration differences measured after the same D A D A G  
dose were larger than those related to dose escalation. 
Therefore, it is not  surprising that no significant differ- 
ences could be revealed between the biological effects of  
the various doses. Nevertheless, the pharmacologic  effects 
are related to the plasma concentration o f  the drug, as 
proven by the significant correlation of  the AUC of  both 
D A D A G  and D A G  with the nadir of  the platelet count 
and the number  of  episodes of  vomiting. The weaker 
correlation with the haemoglobin and WBC nadirs can 
probably be explained by the interference of  steroid ther- 
apy and transfusions. 

D A D A G  concentrations equal to the daily mean plas- 
ma concentration range (30.4+6.2 to 37.3 _+ 6.7 p~g/ml) 
measured after the administration o f  6 9 0 - 1 0 5 0 m g / m  2 
D A D A G  caused a 70%-80% decrease in the surviving 
fraction of  G M - C F U  c if added to human bone m a r r o w  
cells in vitro for 60 min. The concentration corresponding 
to the maximum plasma level reduced the surviving frac- 
tion to less than 5% [19]. Under  similar in vitro conditions 
the concentrations equal to the mean and peak plasma lev- 
els of  D A G  reduced the surviving fraction o f  human GM- 
CFUc to about 30% and 70%, respectively. The maximum 
D A G  levels measured in our study are very close to those 
reported by Eagen et al. [4], who administered two split 
D A G  doses in the range of  60-72.5 m g / m  2 1 h apart, i.e., 
120-145 m g / m  2 total dose. As in our results, myelotoxicity 
was the dose-limiting toxicity and there was no correlation 
between the dose and the plasma concentration of  DAG. 
Since both D A D A G  and D A G  plasma levels show the 
same degree of  correlation with toxicity and both are ac- 
tive in vitro against human bone marrow cells, it is not  ap- 
parent whether D A D A G  alone, D A G  alone, or the combi- 
nation of  the two is responsible for the pharmacodynamic  
events. Moreover,  it is not  known how accurately the in- 
tracellular concentrations of  D A D A G  and D A G  are re- 
flected by the plasma level measurements. 

In view of  the pharmacodynamic  and pharmacokinetic  
properties of  D A D A G ,  a dose of  900 m g / m  2 infused over 
30 min is recommended for phase II  studies. Drug doses 
should be separated by intervals of  at least 4 weeks, be- 
cause o f  the slow regeneration of  the bone marrow. I f  this 
regeneration is not complete by the time the next dose is 
due, further drug administration should be delayed until 
the whole dose can be given. Dose reduction to 690 m g / m  2 
is not recommended because of  the lack o f  correlation be- 

tween the dose given and the plasma concentration of  the 
drug. 
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