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Summary. Triethylenethiophosphoramide (thio-TEPA) 
pharmacokinetics were studied in 15 patients being treated 
for epithelial ovarian carcinoma. Unchanged thio-TEPA 
was assayed in serum and urine by means of a gas chroma- 
tographic procedure. 

No accumulation or alteration of the pharmacokinetics 
occurred during therapy, which was continued for up to 7 
months with biweekly administrations of 20 mg, after two 
initial loading courses with 20 mg daily for 3 consecutive 
days 2 weeks apart. No significant difference in the phar- 
macokinetics between i.m. and i.v. administration was de- 
monstrated. However, three patients showed a reduced ab- 
sorption ability from the i.m. injection site to the systemic 
circulation and an apparent increase in the elimination 
half-life (3.86+0.97 h), which could be of clinical rele- 
vance. 

A first-order elimination process with a short elimina- 
tion half-life ( -  1.5 h) was demonstrated for thio-TEPA in 
all patients after i.v. administration. The apparent volume 
of distribution averaged 50 1. The renal clearance was be- 
low 1% of the total-body clearance, which averaged 
412 ml/min. The urinary excretion of unchanged thio- 
TEPA was complete within 8 h after administration, with 
an average urinary recovery of 0.14% of the dose. Calcula- 
tion of the area under the serum concentration vs time 
curve revealed wide variation between patients (range 
517-1480 ng/h ml-1), indicating the need for drug moni- 
toring during therapy. 

Introduction 
Triethylenethiophosphoramide (thio-TEPA) was intro- 
duced into cancer treatment in the early 1950s and is one 
of the oldest alkylating agents still in clinical use. Besides 
epithelial ovarian cancer, the drug is used for adjuvant 
treatment of bladder carcinoma [13], metastatic breast car- 
cinoma [7], and meningeal carcinomatosis [14]. In the 
treatment of ovarian cancer thio-TEPA is used both as 
single agent [3, 16] and in combination therapy [1]. 

Due to acid instability the drug has to be injected; both 
the i.m. and the i.v. route have been widely used. Thio- 
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TEPA causes little local irritation in biologic tissue and 
has also been given by intracavitary administration (abdo- 
men, pleura, subarachnoid space). Alkylating agents, in- 
cluding thio-TEPA, are known to be myelotoxic. Apart 
from that, the drug is very well tolerated, causing little or 
no deterioration in the patients' quality of life. 

A close dose - response relationship of thio-TEPA has 
been found following administration to monolayer cul- 
tures of human ovarian cancer cells [16]. The same rela- 
tionship for thio-TEPA has been demonstrated in studies 
of in vitro models with human bladder tumor cells [9] and 
mammary tumors induced in rats [5]. In a study of the dose 
- response relationship in cancer patients, it was con- 
cluded that a direct positive correlation existed [8]. How- 
ever, in clinical work, the dosing of thio-TEPA has often 
been based on the development of myelotoxicity. Dosing 
up to bone marrow depression has been advocated. The 
scientific basis for this, however, is scanty. In a study of 
the relation between drug response and toxicity in 144 pa- 
tients with ovarian cancer no positive correlation was 
found, and it was concluded that the development of my- 
elotoxicity was not a good indicator for correct dosing of 
thio-TEPA [15]. 

A better knowledge of the clinical pharmacology of 
thio-TEPA is therefore needed. The aim of the present 
study was to examine the pharmacokinetics of thio-TEPA 
in ovarian cancer patients. 

Materials and methods 

Patients .  Fifteen patients with epithelial ovarian carcino- 
ma were included in the study. The median age at the start 
of therapy was 65 years (range 43-75 years). All patients 
underwent laparotomy for the purpose of surgical tumor 
clearing and staging of disease prior to chemotherapy. All 
patients had normal renal and hepatic functions. The pa- 
tient characteristics are given in Table 1. 

Prior to loading and maintenance treatment a hema- 
tologic status, with hemoglobin concentration (Hgb), white 
blood cell count (WBC), and platelet count (PC), was ob- 
tained. Limits were: Hgb, 9.5 g/100 ml; WBC, 2.5. 109/1, 
and PC, 100. 109/1. Values below these limits were taken to 
indicate dose reduction. 

Treatment .  Thio-TEPA (Lederle Laboratories) was dis- 
solved in 0.9% sterile saline to a concentration of 1 mg/ml. 
Two loading courses of 20 mg thio-TEPA daily for 3 con- 
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Table 1. Patient characteristics 

Pt Age Body Stage Postop- Histologic 
no. (years) weight (FIGO) erative diagnosis 

(kg) status a 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

1 70 56 III C Papillomatous 
adenocarcinoma 

2 70 90 III C Serous 
cystadenocarcinoma 

3 57 66 III C Low differentiation, 
adenocarcinoma 

4 75 41 III C Low differentiation, 
adenocarcinoma 

5 74 50 IA A Mucinous 
cystadenocarcinoma 

69 48 III C Mixed adenocarcinoma 
(serous/endometroid) 

43 55 III C Serous 
cystadenocarcinoma 

52 84 III C Serous papillomatous 
adenocarcinoma 

67 55 IV C Low differentiation, 
adenocarcinoma 

75 50 II B Mucinous 
cystadenocarcinoma 

73 55 III C Papillomatous 
adenocarcinoma 

66 76 III C Serous papillomatous 
adenocarcinoma 

73 65 IC A Mucinous cystadenoma 
(borderline lesion) 

64 80 IV A Low differentiation, 
adenocarcinoma 

62 51 III C Serous 
cystadenocarcinoma 

, A, no macroscopic residual tumor; B, residual tumor, diameter 
< 2 cm; C, residual tumor, diameter > 2 cm 

secutive days were given, with a 2-week per iod  between 
the two courses fol lowed by main tenance  therapy with 
20 mg once every 2 weeks. The drug was adminis te red  i .m. 
or  by i.v. bolus inject ion (i.v.). No dose correct ion based 
on the body  surface area  was made.  

Six patients received the two load ing  courses according  
to a crossover design for the mode  o f  adminis t ra t ion.  
Three were given the first 3-day loading  course by i.m. ad- 
minis t ra t ion and the second 3-day course 2 weeks later  by 
i.v. adminis t ra t ion,  and  for the other three the order  was 
the opposite.  The remain ing  nine pat ients  received most  of  
the t reatment  by i.m. injection.  All pat ients  were given in- 
ject ions  of  vi tamins and anabol ic  steroids as suppor t ive  
therapy.  

Blood and urine sampling. From a Venflon cannula  5 ml 
b lood  was taken before,  and  0.5, I, 1.5, 2, 4, 6, 8, and  24 h 
after adminis t ra t ion  o f  thio-TEPA. The samples  were al- 
lowed to coagulate  at 4 o C. Within 2 h serum was separat-  
ed by centr ifugation (1100 g for 10 min at room tempera-  
ture) and  stored at - 2 0  °C until  analysis,  which was per- 
fo rmed within 1 week. Urine  was collected at intervals of  
2 h for 8 h after adminis t ra t ion  o f  th io-TEPA. An  addi -  
t ional  urine sample  was taken 24 h after adminis t ra t ion.  
Aliquots  were immedia te ly  p laced  at 4 °C and within 2 h 
were moved storage at - 2 0  °C. The urine samples  were 
analyzed  within 1 week. 

The six patients in the crossover study underwent  the 
sampl ing  procedures  after the first and third doses in both 
load ing  courses. For  the remaining nine patients sampl ing 
was per formed after the first dose during loading a n d / o r  
dur ing maintenance  therapy.  

Drug assay. In a previous article we descr ibed a gas 
chromatographic  method  for quant i ta t ion of  th io -TEPA in 
serum and urine [6]. Th io -TEPA was extracted from 500 txl 
serum or urine into 300 Ixl ethylacetate,  and  1 gl of  the or- 
ganic  layer was injected onto the gas chromatograph.  

Diphenylamine  was used as internal  s tandard.  The ret- 
ent ion times for th io -TEPA and d iphenylamine  were 1.9 
and  2.5 min, respectively. The detect ion limit of  thio-TE- 
PA in serum and urine was 5 ng /ml .  All  analyses were per- 
formed in duplicate.  

Pharmacokinetic calculations. The fol lowing model- inde-  
penden t  parameters  were calculated.  The apparen t  first- 
order  e l iminat ion rate constant  (Ke) of  th io-TEPA was cal- 
culated from the slope of  the serum concentra t ion - t ime 
curve in the l inear  phase of  the semilogar i thmic  plot. The 
s lope was computed  as the least-square regression line, 
with equal weight for each point.  The correlat ion (r) be- 
tween the exper imental  points  and the straight line was al- 
ways better than 0.980. 

The el iminat ion half-life (tl/2) was derived from the 
equation : 

tl½ = l n 2 / K  e 

The area under  the serum concentra t ion - t ime curve from 
zero to infinite t ime after a single dose (AUC0_~) and after 
repeated doses (AUC0_24 h) was calculated by the t rapezoid  
rule:  

n--I Ci+ 1 .q_ Ci Cn 
A U C  = z~ ° ( t i+l-t i)  + - -  

i= 2 K~ 

where Ci represents the the serum concentra t ion measured 
at t ime t i and  Cn denotes  the last measurable  serum concen- 
t ra t ion on the serum concentra t ion - t ime curve at t ime tn. 
The term C n / K  e was only used for the de terminat ion  of  
AUC0_ ~. 

For  patients receiving th io -TEPA i.v. and i.m. the frac- 
t ion of  the dose entering the systemic circulat ion (F) was 
calculated as: 

F = AUCi. m./AUCi, v. 

The apparen t  volume of  dis tr ibut ion (Vo) was obta ined  
from the equat ion:  

V d = D / A U C  x K e 

where D is the dose adminis te red  i.v. 
Total  body  clearance (Clt) was calculated as: 

C1 t = V d × K e 

and  renal  clearance (Clr) as: 

CI r = X u / A U C  

where X,  is the total amount  of  th io-TEPA excreted in the 
ur ine after a single dose or  the amount  excreted during a 
dosage interval;  A U C  represents the cor responding  area 
under  the serum concentra t ion - t ime curve. 
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F i g .  1. The serum concentration - time relationship of thio-TEPA 
in six patients after the first and third daily doses (20 mg) by the 
i.m. route (0  • )  and as i.v. bolus injections (© ©) 
Points and bars represent means-+ SEM 

Ke, tlA and AUC were calculated for all patients. In ad- 
dition, Vd, Clt, and CI r were calculated for patients receiv- 
ing thio-TEPA by i.v. administrat ion.  

Stat is t ics .  The results are presented individually or as 
m e a n s _  SEM. Differences between groups of observations 
have been evaluated statistically by the Wilcoxon rank 
sum test. 

R e s u l t s  

Figure 1 shows the serum concentrat ion - time relation- 
ship in six patients after the first and third doses of thio- 
TEPA according to the i .m./ i .v ,  crossover design. The 
curve after i.v. administrat ion was nearly linear from the 
first point  measured 0.5 h after injection, indicating a fast 
initial distribution. After i.m. injection the absorption in to 
the systemic circulation seemed to be complete within 1 h 
after injection. The el iminat ion process was found to be a 
first-order process after both modes of administrat ion in 
all patients. 

Table 2 gives the pharmacokinetic  parameters of thio- 
TEPA. The area under  the serum concentrat ion - time 
curves after i.m. and i.v. administrat ion were not signifi- 

Table 2. Pharmacokinetic parameters of thio-TEPA in six patients 
after the first and third consecutive daily doses (20 mg) i.m. and i.v. a 

Administration Elimination Area under the curve 
regimen half-life (h) (ng h ml-l) 

i.m. i.v. i.m. i.v. 

First dose 1.59 1.37 961 904 
(_+0.13) (_+0.09) (_+ 128) (_+ 145) 

Third dose 1.65 1.47 889 895 
(-+0.15) (-+0.13) (___82) (___109) 

a Figures shown represent mean (-4-SEM) in each case 
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Fig. 2. Serum concentration - time relationship of thio-TEPA in 
nine patients (11 II) after a single dose (20 rag) i.m. during 
loading or maintenance therapy. • • ,  curve for three pa- 
tients with diverging pharmacokinetics; • • ,  curve for the 
remaining six patients. Points and bars represent means___ SEM 

cantly different, demonstrat ing that the fraction of the 
dose entering the systemic circulation after i.m. adminis- 
tration (F) was approximately 100% in these patients. No 
significant differences between the first and third doses 
were found with respect to the area under  the curve or the 
el imination half-life, indicating that there was no accumu- 
lation potential of the drug with the dosage regimens used. 
The difference observed in the el imination half-life be- 
tween i.m. and i.v. administrat ion did not reach a statisti- 
cally significant level. 

Figure 2 shows the serum concentrat ion - time rela- 
t ionship in nine patients after single doses of thio-TEPA 
injected i.m. Three patients in this group demonstrated 
kinetics which differed substantially from the others inves- 
tigated, with a serum concentrat ion - time profile that was 
also different from that observed in the crossover study. 
The average curve for these three patients (Fig. 2) was 
characterized by a prolonged absorption phase and a de- 
creased rate of elimination, with an apparent  el imination 

Table 3. Pharmacokinetic parameters of thio-TEPA in nine pa- 
tients after a single dose (20 mg) i.m. during loading or mainte- 
nance therapy" 

Patient Apparent elimination Area under the curve 
subgroups half-life (h) (ng h ml-1) 

n = 9 2.34 738 
(___0.48) (-+ 107) 

n = 6 b 1.57 809 
(___0.07) (+ 152) 

n = 3 b 3.86 597 
(+0.97) (+83) 

a Figures shown represent mean (___ SEM) in each case 
b Data observed in the three patients with divergent pharmaco- 

kinetics are displayed separately from the rest 
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T a b l e  4. Pharmacokinetic parameters of thio-TEPA in three pa- 
tients after the first dose (20 mg) of loading therapy and after a 
dose (20 mg) given after more than 10 previous doses (late dose) 

Pa- Mode of Elimination Area under the curve 
tient adminis- half-life (h) (rig h ml- ~) 
no. tration 

First dose Late dose First dose Late dose 

6 i.m. 1.93 1.82 825 600 
7 i.m. 1.24 1.36 509 585 

12 i.v. 1.51 1.16 432 555 

half-life of 3.86 + 0.97 h. Table 3 gives the pharmacokinetic 
data corresponding to Fig. 2. When the data from the three 
patients with atypical kinetics are treated separately, the 
elimination half-life for the remaining patients is about 
equal to the half-life found for the six patients in the cross- 
over study group after i.m. administration (1.57___ 0.07 and 
1.59 __+ 0.13 h, respectively). The differences in elimination 
half-life and AUC between the three patients with atypical 
and the remaining six in the present group are statistically 
significant (P< 0.05). 

It was possible to obtain supplementary data from two 
of the-three patients with diverging pharmacokinetics dur- 
ing the treatment regimen, after one i.m. and one i.v. in- 
jection in each. After i.m. injection the prolonged absorp- 
tion phase and reduced elimination rate was found again 
in both patients. The elimination half-lives this time were 
4.62 h and 3.15 h, respectively. After i.v. administration of 
the drug, elimination half-lives of 1.44 and 1.87 h were 
found. The fraction of the dose entering the systemic circu- 
lation after i.m. administration (F) for the two patients 
were calculated at 71% and 56%. 

In Table 4 tl/2 and AUC after the first dose in the first 
loading course and after a dose given during the mainte- 
nance therapy when more than 10 doses had been previ- 
ously given are compared. Data from three patients were 
available, and no obvious sign of alterations in the kinetics 
were demonstrated. 

In Table 5 supplementary pharmacokinetic parameters 
are given for the six patients in the crossover study group 
after i.v. administration of the drug (20 mg). A volume of 
distribution of about 50 1 and urinary clearance that was 
always below 1% of the total-body clearance was demon- 
strated. When a correction for body weight was made, the 
dose variation between patients was relatively minor 
(0.34+ 0.02 mg/kg). 

In Fig. 3 the urinary excretion of thio-TEPA after the 
third dose in the loading therapy after i.m. and i.v. admin- 
istrations is shown. The urinary excretion seemed to be 

T a b l e  5. Pharmacokinetic parameters of thio-TEPA in 6 patients 
secutive day of loading therapy a 
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F i g .  3. Urinary excretion of thio-TEPA in six patients after the 
third consecutive daily dose (20 mg) i.m. (O 0)  or as i.v. 
bolus (© ©). Points and bars represent means + SEM 

complete within 8 h. The drug was never detected in urine 
samples taken 24h after administration. The urinary 
recovery of thio-TEPA (% of dose excreted in the urine) 
was 0.12% (range 0.04%-0.26%) and 0.16% (range 
0.08%-0.21%) after i.m. and i.v. administration, respec- 
tively. The difference in urinary excretion between i.m. 
and i.v. administration was not statistically significant. 

D i s c u s s i o n  

Animal experiments have revealed wide variation between 
species in the distribution, metabolism, and elimination of 
thio-TEPA [2, 11]. Therefore, data from human patients 
are needed for the evaluation of its clinical pharmacology. 
The patients included in this study were homogeneous 
with respect to sex, disease and treatment (single-drug 
therapy for all patients). 

We detected no drug in the blood or urine samples tak- 
en 24 h after the administration of thio-TEPA, which is in 
keeping with its short elimination half-life. Furthermore, 
no differences in the pharmacokinetics were found be- 
tween the beginning and end of loading therapy or be- 
tween the very first dose and a dose given after more than 
3 months of therapy. This demonstrates a low accumula- 
tion potential of the drug and no induced alteration in the 
pharmacokinetics of the drug during therapy. 

For 3 of the 15 patients the pharmacokinetics after i.m. 
administration was characterized by a prolonged phase of 
absorption followed by an apparent reduction in elimina- 
tion rate. Two of these patients were also studied after i.v. 
administration of the drug. This revealed incomplete ab- 
sorption into the systemic circulation after i.m. adminis- 
tration in these patients (F=56% and 71%). The kinetics 

after intravenous administration (20 mg) the first and the third con- 

Elimination Elimination Area under Apparent volume Total body Renal 
rate constant half life the curve of distribution clearance clearance 
(h-~) (h) (ng h ml-1) (1) (ml/min) (ml/min) 

First day 0.54 1.37 904 48 421 0.9 
(_+0.05) (+0.09) (+ 145) (+8) (+67) (+0.3) 

Third day 0.51 1.47 895 51 403 0.7 
(+0.04) (+0.13) (_ 109) (--+8) (-+51) (_0.1) 

Figures given represent mean (+ SEM) in each case 
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after i.v. adminis t ra t ion showed 'normal '  e l iminat ion 
rates, Chat is; the e l iminat ion half-life after i.v. adminis t ra-  
t ion was within the range found for the other patients stud- 
ied after i.v. adminis t ra t ion.  We believe, therefore,  that the 
reduced el iminat ion rate observed in the three patients was 
secondary  to the slow absorpt ion  rate from the i.m. injec- 
t ion site to the systemic circulat ion,  with the drug at the in- 
ject ion site acting as a depot ,  thereby leading to a si tuation 
where the correct value for the e l iminat ion half-life could 
not  be estimated. The addi t ional  pharmacokine t ic  trial in 
two of  the three patients fol lowing a later i.m. injection re- 
vealed that  the inherent  factors for al tered kinetics were 
stable in these patients.  

Apar t  from the fact that a posit ive dose - response 
correlat ion exists for th io-TEPA, little is known about  the 
penetra t ion of  the drug into cancer  tissue and the mode  of  
act ion at the subcellular  level. However ,  the exposure of  
the target tissue to the drug, expressed by the area under  
the serum concentra t ion versus time curve (AUC),  is ge- 
neral ly though to be of  impor tance  for the effect of  cyto- 
statics [12]. The da ta  in Tables 2, 3, and 5 reveal consider-  
able variat ion in the AUC at both modes  of  admini-  
strat ion,  with a three-fold range. This could explain,  in 
part ,  the wide var ia t ion in response to t reatment  that  is ob- 
served clinically. 

The very low ur inary  recovery of  th io -TEPA is in keep- 
ing with observat ions recorded in other studies [4, l 1]. 
Mellett  et al. [11] also found a high ur inary  recovery of  iso- 
tope  (up to 85%) when pat ients  were treated with 14C-lab- 
eled drug. This indicates that  metaboli tes  are excreted in 
the urine. 

Two groups have recently repor ted  the pharmacokinet -  
ics of  th io-TEPA in human patients. McDermot t  et al. [10] 
util ized a capi l lary gas chromatographic  method to assay 
th io-TEPA and repor ted  f irst-order e l iminat ion of  the drug 
in only one of  three pat ients  after a dose of  30 mg i.m. 
This is in contrast  to our study, where f irst-order el imina- 
t ion kinetics have been demonst ra ted  in all 15 patients.  
The lack of  pat ient  characterist ics in the article makes 
closer analysis of  the difference difficult. 

Egorin et al. [4] have repor ted  the pharmacokinet ics  in 
one patient  after i.v. bolus injection of  th io-TEPA using a 
gas chromatograpic  method  for assay of  the drug. The eli- 
mina t ion  process was of  first order,  with an e l iminat ion 
half-life of  1.23 h which is in accord with our results. In 
Egorin et al. 's study the dis tr ibut ion phase was studied af- 
ter i.v. injection, and a dis tr ibut ion half-life of  3.4 min was 
demonst ra ted ,  which agrees well with our  results. 

Oxidat ive desulfurat ion of  th io -TEPA to TEPA (trie- 
thy lenephosphoramide)  has been thought  to be the first 
step in the metabol ism of  the drug. Animal  studies have re- 
vealed wide var ia t ion between species in the levels of  
TEPA in serum and urine [2, 11]. Egorin et al. [4] and 
McDermot t  et al. [10] both examined the content  of  TEPA 
in human serum after the adminis t ra t ion  of  th io-TEPA 
and repor ted  substantial  amounts  of  the compound.  A 
slower el iminat ion of  the metabol i te  than of  the parent  
drug was indicated.  TEPA concentrat ions 1 -3  l.tg/ml in 
the urine were recorded in the first 12 h after the adminis-  
t ra t ion of  th io-TEPA by Egorin et al. [4]. This, however,  is 
in contrast  to the results of  Mellett  et al., who were able to 
detect only trace amounts  of  TEPA in the urine from hu- 
man patients [11]. In the present  study we made  no at tempt  
to determine TEPA in b lood  or urine. It has been shown 

that  TEPA cannot  be extracted from serum or urine by 
means of  ethylacetate [4], and  in our de terminat ion  of  thio- 
TEPA we therefore did  not  codetermine TEPA. In our la- 
bora tory  we are current ly working on problems with se- 
para t ion  of  TEPA from the parent  drug and its quanti ta-  
t ion,  in order  to examine the metabol ism and kinetics of  
th io -TEPA furhter in human patients. 

In conclusion,  this study has demons t ra ted  a relatively 
rap id  f irst-order e l iminat ion of  th io-TEPA in all patients 
studied. No  accumulat ion  or al terat ion of  the pharmaco-  
kinetics seems to occur during therapy.  In  most of  the pa- 
tients only minor  differences in the pharmacokinet ics  were 
found between i.m. and  i.v. adminis t ra t ion,  which were 
p robab ly  of  no clinical importance.  However,  3 of  the 15 
patients had diverging pharmacokinet ics  after i.m. admin-  
istration, p robably  resulting from reduced absorpt ion  abil- 
ity for the drug from the inject ion site to the systemic cir- 
culation. This disabil i ty to absorp  the drug after i.m. injec- 
t ion might well have clinical implicat ions,  in that the re- 
sponse could be reduced,  at least in cases where incom- 
plete absorpt ion  of  the dose occurs ( F <  100%). To over- 
come the problem of  uncer ta in  absorbt ion  after i.m. ad- 
ministrat ion,  we advocate  that  the drug should be given by 
the i.v. route. 

The demonstra t ion of  a considerable  var ia t ion in the 
area under  the serum concentra t ion - t ime curve might jus- 
tify routine moni tor ing of  the serum drug concentra t ion to 
optimize dosing with respect to both response and toxicity.  
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