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Abstract Background: DX-8951f is a water-soluble 
camptothecin derivative with greater in vivo and in vitro 
activity than topotecan or irinotecan. The objectives of 
this phase II study were to determine the antitumor 
activity, safety and pharmacokinetic profile of DX-8951 f 
administered intravenously for five consecutive days, 
every 3 weeks in patients with advanced ovarian, tubal 
and peritoneal cancer resistant to platinum, taxane and 
topotecan. Methods: Enrolled in the study at The Uni- 
versity of Texas M. D. Anderson Cancer Center were 16 
patients with measurable cancer resistant to platinum, 
taxane and topotecan. All 16 patients were assessable for 
safety and 15 for efficacy analyses. Treatment consisted 
of a daily infusion of DX-8951f at 0.3 mg/m 2 per day 
(except for one minimally pretreated patient who started 
at 0.5 mg/m 2 per day) over 30 min for five consecutive 
days every 3 weeks. The pharmacokinetic and excretory 
profiles of DX-895l, the anhydrous form of DX-8951f, 
were also characterized. Results: Disease was stable in 7 
of 16 patients (44%) (4 minor response and 3 stable 
disease). The median time to tumor progression was 
43 days (95% CI 37-92 days). The median overall sur- 
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viva1 was 117 days (95% CI 90~79 days). The main 
toxic effect was neutropenia and leukopenia with 50% of 
patients experiencing grade 3 or 4 neutropenia and leu- 
kopenia. One episode of neutropenic fever was observed. 
Grade 3 or more anemia and thrombocytopenia were 
seen in 25% and 13% of patients, respectively. Grade 3 
nonhematologic side effects included nausea (25% of 
patients) and fatigue (19%). Other side effects were not 
more than grade 2, and included gastrointestinal dys- 
function, stomatitis, dermatitis, alopecia, liver dysfunc- 
tion and drug fever. DX-8951 displayed linear 
pharmacokinetic characteristics at the doses adminis- 
tered. The average plasma clearance, total volume of 
distribution, and terminal elimination half-life were 2.1 l/ 
h per m 2, 20 1/m 2 and 9.5 h, respectively. Conclusions: 
DX-8951f administered parenterally as a single agent 
daily at a dose of either 0.5 or 0.3 mg/m 2 per day for 
5 days is feasible in patients with advanced ovarian, tubal 
and peritoneal cancer resistant to platinum, taxane and 
topotecan. Although no responses were observed, a 
significant number of patients had stable disease with a 
decrease in CA-125 levels. In this heavily pretreated 
population, DX-8951 f has clinically relevant hematologic 
and gastrointestinal toxicities in about 25% of patients. 
DX-8951 appeared to have linear pharmacokinetic char- 
acteristics on the basis of multiple administrations. 

Keywords Camptothecin �9 Ovarian neoplasm �9 
Topotecan resistance �9 Pharmacokinetics �9 Exatecan 
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Introduction 

Most women affected with epithelial ovarian, fallopian 
and primary peritoneal carcinoma present with ad- 
vanced disease, usually at stage III or IV [1]. For pa- 
tients with stage III disease and in some with stage IV 
disease, the primary tumor is maximally debulked before 
initiation of chemotherapy [2]. Standard chemotherapy 



t r e a tmen t  consis ts  o f  a p l a t i n u m  and  t a x a n e - b a s e d  reg- 
imen,  which  offers a 70% response  ra te  [3]. The  disease  
usua l ly  recurs  a f te r  a d isease-f ree  in terva l  o f  a few 
m o n t h s  to  years .  T r e a t m e n t  r e induc t ion  with  a p l a t i n u m  
c o m p o u n d  is of ten a t t emp ted ,  bu t  even tua l ly  the  disease  
becomes  r e f r ac to ry  to p l a t inum.  T o p o t e c a n  is a p p r o v e d  
for  second- l ine  t he r apy  o f  r ecu r ren t  ova r i an  cancer  [4]. 
Hence  m o s t  pa t ien t s  are  p l a t i num,  t axane  and  t o p o t e c a n  
res is tan t  when  the disease  progresses .  

DX-8951 f is a synthe t ic  der iva t ive  o f  c amp to thec in ,  a 
na tu ra l  a lka lo id  ex t rac ted  f rom the b a r k  and  leaves o f  
the tree, Camptotheca acuminata [5]. The  act iv i ty  o f  the  
d rug  is l inked  to  its l ac tone  form,  which  is in equ i l ib r ium 
wi th  a c a r b o x y l a t e  (open  E r ing) form.  The  equ i l ib r ium 
favors  the  c a r b o x y l a t e  fo rm  at  phys io log ic  pH.  The  
chemica l  s t ruc ture  o f  D X - 8 9 5 1 f  has  been modi f i ed  to 
render  the  molecu le  wa te r  soluble  by  add ing  a r ing 
s t ruc ture  be tween  r ings A (in pos i t i on  9) and  B (in po -  
s i t ion 7), and  a f luor  in pos i t i on  11 [6]. D X - 8 9 5 1 f  has  
shown b o t h  high in v i t ro  po t ency  aga ins t  a series o f  32 
m a l i g n a n t  cell l ines and  signif icant  t o p o i s o m e r a s e  I 
inh ib i t ion  [7]. The  an t ip ro t i f e ra t ive  ac t iv i ty  o f  DX-895 I f  
in this  sys tem was 28 t imes grea te r  t han  tha t  o f  t o p o -  
tecan,  and  the an t ip ro l i f e ra t ive  ac t iv i ty  o f  DX-895  I f was 
a b o u t  seven t imes  grea te r  t han  tha t  o f  SN-38 (an act ive 
m e t a b o l i t e  o f  i r inotecan) .  Because  o f  the  d e m o n s t r a t i o n  
o f  g rea te r  ac t iv i ty  o f  DX-8951 f than  o t h e r  c a m p t o t h e c i n  
der iva t ives  at  e q u i m o l a r  concen t r a t i ons  in these pre-  
cl inical  s tudies  [8], this  phase  I I  s tudy  was in i t ia ted.  

The  m a i n  object ives  o f  this phase  I I  t r ia l  were  (1) to  
de t e rmine  the a n t i t u m o r  ac t iv i ty  o f  D X - 8 9 5 1 f  when  
admin i s t e r ed  as a 30-min in fus ion  da i ly  for  5 days  to 
pa t ien t s  wi th  a d v a n c e d  ovar i an ,  t uba l  and  pe r i tonea l  
cancer  res i s tan t  to p l a t i num,  t axane  and  t opo t ecan ,  (2) 
to  es tabl i sh  the  safety prof i le  o f  DX-8951f ,  and  (3) to  
eva lua te  the p h a r m a c o k i n e t i c s  and  m e t a b o l i s m  o f  the 
a n h y d r o u s  fo rm o f  D X - 8 9 5 1 f  (DX-8951)  in p la sma .  

Patients and methods 

Patients 

Patients aged 18 years or over who had histologically confirmed 
advanced ovarian, tubal or peritoneal cancer resistant to platinum, 
taxanes and topotecan were eligible for this study provided that 
they met the following criteria: (1) a performance status of 2 or less 
on the ECOG scale and a life expectancy 12 weeks or more; (2) 
measurable tumor (pleural effusions, ascites, and osseous metas- 
tases were not considered measurable, and lesions located in pre- 
viously irradiated areas were excluded from the final evaluation); 
(3) a neutrophil count of >__1500 cells/gl, a platelet count of 
>100,000 cells/gl, a serum creatinine level of <_ 1.5 mg/dl, and a 
total bilirubin level of < 1.5 mg/dl; (4) at least 4 weeks since prior 
surgery, radiation or chemotherapy; and (5) provision of signed 
informed consent. Disease that progressed while the patient was on 
chemotherapy, that recurred within 6 months after discontinuation 
of chemotherapy or persistent macroscopic disease after six 
assessable cycles of chemotherapy if the last two cycles had no 
measurable change in disease was considered "resistant". 

Exclusion criteria included: (1) evaluable disease only; (2) 
concurrent radiotherapy, surgery or chemotherapy; (3) women with 
the potential to become pregnant, unless utilizing birth control; (4) 

known brain metastases; (5) previous or current malignancies (ex- 
cept in situ carcinoma of the cervix or non-melanoma cancer of the 
skin); (6) psychosis or mental disability or incompetence to give 
informed consent; (7) concurrent life-threatening illness; (8) receipt 
of any investigational drug within 28 days prior to receipt of DX- 
8951f; or (9) history of allergy to camptothecin derivatives, 

Before entry, a complete medical history was recorded and a 
physical examination done. Performance status was noted and le- 
sions measured. A complete blood cell count and relevant blood 
chemistries, including a CA-125, were determined. Chest radiog- 
raphy and other indicated imaging studies were done as needed and 
repeated at the end of course 2 and every other course thereafter. 
Before each course, a clinical examination and a blood chemistry 
survey were required. Complete blood cell counts were performed 
weekly. 

Treatment 

Upon registration, patients were stratified according to their cancer 
treatment history. Minimally pretreated patients were started at a 
dose of 0.5 mg/m 2 per day. Heavily pretreated patients were de- 
fined as those who had had more than six courses of alkylating 
agent-containing chemotherapy or more than four courses of car- 
boplatin, radiation therapy to > 25% of hematopoietic reserves, 
two or more courses of mitomycin C or a nitrosourea. Heavily 
pretreated patients were given a starting dose of 0.3 mg/m 2 per day. 
Doses were altered :t:0,1 mg/m 2 per day after the first course 
depending on toxicities. 

Daiichi Pharmaceutical Corporation supplied DX-8951f for 
parenteral use in vials containing 2 mg lyophilized powder. The 
vials containing DX-8951 f were stored in a refrigerator (2-8~ and 
protected from light in a closed package. After reconstitution with 
normal saline, DX-8951f is stable for at least 24 h under ambient 
conditions of light and temperature. Each vial was reconstituted 
with 0.9% NaC1 to obtain a stock 0.5 mg/ml solution. The 
appropriate volume of stock solution to yield the required dose was 
diluted in a PVC infusion bag with sterile 0.9% NaC1 to a total 
volume of 100 ml for clinical use. One course of DX-8951f con- 
sisted of a 30-min infusion daily for five consecutive days. Treat- 
ments were repeated every 21 days. Treatment delays to allow 
recovery from toxic effects could not exceed 2 weeks. 

Reductions of dose were allowed to prevent excessive toxicity. 
Subsequent doses were reduced by one dose level and given only 
upon bone marrow recovery in case of (1) asymptomatie ANC 
< 500/~tl (grade 4 neutropenia) lasting more than 5 days, (2) neu- 
tropenic fever wath ANC <500Ipl (grade 4 neutropenia), (3) 
platelet count < 25,000/gl, (4) sigmficant delays because of ANC 
< 1500/gl (grade 2 or more neutropenia) or platelets < 100,000/pl 
on day 28, or (5) grade 3 or more nonhematologic toxicity (or 
grade 2 neurotoxicity). 

Dose escalation was permitted after the first course if the fol- 
lowing conditions were met: (1) absolute neutrophil count nadir 
from the previous course was > 1000/111; (2) platelet nadir from the 
previous course was > 100,000/gl; (3) maximum nonhematologic 
toxicity experienced by the patient during any previous course was 
grade 1 (excluding any grade of alopecm, local vein reaction or 
grade 2 nausea or vomiting); and (4) recovery from previous course 
toxicity had occurred by day 22. 

Treatment was given for at least two courses unless there was 
rapidly progressive disease, in which case it was discontinued after 
one course. Continuation of treatment was dependent on the pa- 
tient's response and tolerance, usually until progression of disease 
occurred. Therapy was discontinued in patients who experienced 
unacceptable toxicity. 

Assessment of response 

All patients who received at least five daily infusions (one course) of 
DX-8951 f were considered evaluable for efficacy analysis. Response 
was assessed according to modified SWOG response criteria [9]. 



Development of an effusion and ascites (nonevaluable disease) was 
considered progressive disease. Radiographic studies were reviewed 
by the principal investigator (C.F.V.) and a radiologist (E.L.). 
Response, survival, and time to tumor progression were measured 
from the start of DX-895 i f  administration. 

weighting procedure of Wj = l / S j  2 (where Wj is the weight associated 
with each individual concentration-time point j). The variance Sj ~- 
(variance calculated for each time point j) was calculated for each 
observation using the equation sjZ=(a+b*Y) 2, where a and b 
represent the additive and proportional error of this variance model, 
and Y the observed plasma concentrations of DX8951f. 

Sampling schedule and analytical assay 

Pharmacokinetic blood samples were collected from each patient 
during the first course of DX-8951E Serial blood samples were 
collected over 24 h on day 1 and over 2 h on day 5. On day 1, 
samples were taken before the start of the infusion (time 0), at 
0.48 h (29 min into the infusion), once during each of the following 
sampling time windows (0.5-2 h, 4-8 h) and at 24 h (prior to the 
start of infusion on day 2) after the end of the infusion. On day 5, 
samples were taken before the start of the infusion (time 0), at 
0.48 h (29 rain into the infusion) and after the end of the infusion 
within the sampling time window 0.5-2 h. The blood draws taken 
during the sampling time windows 0.5-2 h and 4-8 h were obtained 
at specific times according to a randomization scheme (0.5, 1, 1.5, 2 
and 4, and 4.5, 5, 6, 7 and 8 h). 

The blood was collected into a heparinized tube and centrifuged 
at 3000 rpm for 15 rain to separate out the plasma. The plasma was 
then transferred to a sample tube and frozen immediately at -20~ 
All the collected plasma was labeled and forwarded to MDS 
Pharma Services (Montreal, Canada) for analysis. DX-8951 was 
analyzed in plasma using a validated HPLC method [10]. The lower 
limit of quantitation was 0.201 ng/ml. 

Pharmacokinetic analysis 

Pharmacokinetics were evaluated using standard compartmental 
approaches [11]. Linear pharmacokinetic models including two- and 
three-compartments were investigated for their quality of fit using 
maximum likelihood analysis with ADAPT-II [12]. The simplest 
model that best fitted the plasma concentrations of DX-8951 f was a 
two-compartment pharmacokinetic model (Fig. 1). A three-com- 
partment model did not significantly improve the fit based on visual 
inspection of the graphs and evaluation of pertinent indicators of 
"goodness of fit". The model discrimination process in our evalu- 
ation was based on the minimization of the values of the Akaike 
information criterion test, of the objective function, and of the 
residual variability [13]. An additional criterion considered in the 
discrimination process was the maximization of the average coeffi- 
cient of determination. Pharmacokinetic parameters were calculated 
using a population pharmacokinetic methodology, the iterative two- 
stage methodology (IT2S) [14]. This method was necessary due to 
the limited sampling of the study design and to ensure the robustness 
of the results. Parameters defined and fitted by the two-compart- 
ment model were: Vc (central volume of distribution, l/m2), Vp 
(peripheral volume of distribution, l/m2), CLd (distributional 
clearance, 1/h/m2), and CL (total clearance, 1/h/m-"). During the 
population analysis, the clearances (CL and CLd) and the volumes 
of distribution (Vc and Vp) were fitted to the average observed 
patient body surface area of 1.81 m 2. All plasma concentrations of 
DX-8951 were modeled simultaneously in each subject using a 

~IV 
CId 

~ Vp 

Fig. 1 Graphical representation of the structural pharmacokinetic 
model (CL total plasma clearance, Cld distributional clearance, Vc 
central volume of distribution, Vp peripheral volume of distribu- 
tion, IV infusion of DX8951f) 

Statistical analysis 

Simon's optimal two-stage design was employed [15]. The null 
hypothesis was that the overall response rate was _< 5% vs the 
alternative hypothesis that the overall would be >20%. At the first 
stage, 14 evaluable patients were enrolled. As no responses oc- 
curred the trial was terminated. This design yielded _>0.90 proba- 
bility of a positive result if the true response rate was _>20%. It 
yielded a _>0.90 probability of a negative result if the true response 
rate was _< 5% with a >0.54 probability of early negative stopping. 
Treatment toxicity and survival were also determined [16]. 

Results 

Pat ien t  charac te r i s t i cs  

The  charac te r i s t i cs  o f  16 el igible pa t ien t s  enro l led  in the 
s tudy are  de ta i led  in Tab le  1. O f  these 16 pa t ien ts ,  13 
had  h i s to log ica l ly  conf i rmed  pap i l l a ry  serous  ca r c inoma ,  
2 had  t u m o r s  o f  mixed  m o r p h o l o g y  and  1 had  clear-cel l  
c a r c inoma ,  and  14 h a d  t u m o r s  o r ig ina t ing  in the ovary  
and  2 h a d  t u m o r s  o r ig ina t ing  in the pe r i t oneum.  Al l  
pa t i en t s  bu t  two had  h igh -g rade  ca rc inoma .  One  pa t i en t  
had  a h i s tory  o f  b reas t  cancer  m o r e  than  5 years  p r io r  to 
en ro l lmen t  in this  s tudy.  She had  no evidence o f  b reas t  
cancer  recurrence  at  enro l lment .  The  m e d i a n  n u m b e r  o f  
p r io r  c h e m o t h e r a p y  regimens  was five ( range two to 
eight).  The  pa t ien t s  h a d  a m e d i a n  o f  two p r io r  surger ies  
( range one to five) re la ted  to their  disease  process .  Three  
pa t ien t s  received p r io r  r a d i a t i o n  on the pelvis.  Two pa -  
t ients  h a d  pa r t i c i pa t ed  in a gene t he r apy  s tudy.  O f  the 16 
pa t i en t s  enrol led  in the trial ,  15 were heavi ly  p re t r ea t ed  
and  1 was min ima l ly  p re t rea ted .  

Table 1 Patient characteristics 

Number of patients entered 16 
Number of patients evaluable 

For safety 16 
For efficacy 15 

Age (years) 
Median 56 
Range 33-65 

ECOG performance status 
0 8 
1 5 
2 3 

Number of patients who had prior treatments 
Chemotherapy 16 
Platinum + taxane 16 
Topotecan 16 
Hormonotherapy 0 
Immunotherapy 2 
Radiotherapy 3 

Surgery 16 
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T a b l e  2 Response 

aOne patient did not return for 
follow-up 

Response No. of Median CA-125 Time to disease 
patients (%) response (%) progression (weeks) 

Minor response 4 (25%) -85, -56, -56, -43 29, 24, 14, 8 
Stable disease 3 (19%) -61, -31, +90 14, 13, 10 
Progressive disease 8 (50%) +27 (range -27 to + 168) - 
Unknown ~ 1 (6%) 
Total 16 (100%) 
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Fig. 2 Kaplan-Meier curve showing overall survival 

Response 

All 16 patients were evaluable for toxicity and 15 were 
evaluable for response. One patient did not return for 
follow-up after completing 5 days of  t reatment with 
DX-8951f on course one. The median number  of  treat- 
ment  courses for all patients was 2 with a mean of  2.8 
courses (range 1 to 9 courses). Complete or partial 
remission was not observed. Of  the 15 evaluable pa- 
tients, 4 achieved a minor  response, 3 had stable disease 
and 8 showed evidence of  progressive disease (Table 2). 
The median time to tumor  progression was 43.0 days 
(95% CI 37-92 days) for 16 evaluable patients, and for 
the 7 patients who achieved either minor  response or 
stable disease the median time to tumor  progression was 
100 days (range 58 to 210 days). One of these patients 
had a 23% reduction in the size of  her tumor,  but 
qualified for a serologic remission with a sustained 83% 
reduction in the levels of  CA-125 lasting 25 weeks, as 
per the criteria described by Rustin et al. [17]. Eight 
patients had progressive disease after receiving at least 
one course of  therapy. Four  patients each had > 50% 
and > 2 5 %  non-sustained reduction in CA-125 levels, 
respectively. The median survival was 117 days (95% CI 
90-279 days; Fig. 2). 

Toxicity 

All 16 patients who received DX-8951f could be evalu- 
ated for toxicity (Table 3). A total of  45 administered 
courses were evaluated. Of  the 16 evaluable patients, 
50% experienced grade 3 or 4 neutropenia and leuko- 
penia. One episode of neutropenic fever was observed, 
and 25% and 13% of  patients presented with grade 3 or 
more  anemia and thrombocytopenia ,  respectively. Other  

Table 3 Number ofpatients presenting with at least one toxic effect 
(n=16) 

Toxic effect Grade Total (%) Grade 3+4 (%) 

1 2 3 4 

Neutropenia 1 4 5 3 13 (81) 8 (50) 
Leukopenia 2 5 6 2 15 (94) 8 (50) 
Anemia 0 9 4 0 13(81) 4(25) 
Thrombocytopenia 7 1 2 0 10 (63) 2 (13) 
Intestinal obstruction 0 0 5 0 5(31) 5(31) 
Nausea 2 6 4 0 12(75) 4(25) 
Vomiting 2 4 3 0 9 (56) 3 (19) 
Dehydration 0 3 3 0 6(38) 3(19) 
Anorexia 1 2 0 0 3(19) 0 
Diarrhea 1 8 0 0 9 (56) 0 
Weight loss 1 1 0 0 2(13) 0 
Stomatatis 1 1 0 0 2(13) 0 
Increased alkahne 1 1 0 0 2 (13) 0 
phosphatase 

Fatigue 0 3 2 1 6 (38) 3 (19) 
Drug fever 1 0 0 0 1 (6) 0 
Neutropenic fever 0 0 1 0 1 (6) 1 (6) 
Infectaon 0 2 0 0 2(13) 0 
Alopecia 1 1 0 0 2(13) 0 
Sepsis 0 0 1 0 1 (6) 1 (6) 

grade 3 or more  nonhematologic side effects included 
nausea (four patients) with vomiting and dehydration, 
fatigue (three patients), non-neutropenic infection (one 
patient). Five patients developed an intestinal obstruc- 
tion, most  likely related to disease progression. All other 
side effects were grade 2 or less and included gastroin- 
testinal dysfunction (50% of  patients), weight loss 
(13%), increase in liver function test (13%), fatigue 
(19%), alopecia (13%), stomatitis (13%), and dermati-  
tis, drug fever, and dysuria (one patient each or 6%). In 
ten patients receiving multiple courses, the starting dose 
was 0.3 mg/m 2 per day for 5 days every 3 weeks. This 
dose was increased to 0.4 m g / m ~ p e r  day for 5 days in 
four patients. In the patient treated at 0.5 mg/m 2 per day 
for 5 days, the dose was escalated to 0.6 mg /m 2 per day. 
Only one patient required a permanent  dose reduction to 
0.2 mg /m ~ per day for 5 days. 

Pharmacokinetics 

Of  the 16 patients enrolled in the study, 12 had their 
pharmacokinet ic  profile assessed with a populat ion- 
based approach.  The results are summarized in Table 4. 
Figure 3 shows a "spaghet t i"  plot of  all of  the fitted and 



Table 4 Pharmacokinetic parameters of DX-8951f (n = 12) (CL 
total plasma clearance, Cld distributional clearance, Vc central 
volume of distribution, Vp peripheral volume of distribution, 
2:-HL terminal elimination half-life) 

Parameter Average CV % 

CL (1/h/m2) 2.1 64.7 
Cld (1/h~m-') 5.6 37.4 
Vc (l/m-') 7.1 28.1 
Vp (1/m ~) 12.9 45.8 
Vss (l/m') 20.0 36.0 
2~-HL (h) 9.5 36.3 

observed concentration time points for every patient in 
this study. 

The pharmacokinetic behavior of DX-8951 has been 
shown previously [10] to be linear between the admin- 
istered doses. This means that the plasma clearance (CL) 
and volume of distribution (Vss) does not change be- 
tween the lowest and highest dose groups. This was 
again seen in this patient population. In addition, DX- 
8951 was associated with a terminal elimination half-life 
(2z-HL) of 9.5 h, a total body clearance (CL) of 2.1 l/h/ 
m 2, and a total volume of distribution (Vss) of 20 1/m 2. 
These values are consistent with those seen when 
DX-8951 was administered in patients suffering from 
advanced solid malignancies [18]. 

Discussion 

DX-8951f is a camptothecin analog with better in vitro 
and in vivo activity than topotecan or irinotecan. DX- 
8951f has been tested in six different phase I studies in 
patients with various refractory cancers. The dose-lim- 
iting toxicity is hematologic with grade 4 neutropenia 
and more rarely thrombocytopenia. Transient grade 3 
liver function test anomalies (elevation of transaminas- 

Fig. 3 Observed (points) and 
fitted (continuous l&es) 
concentrations for each subject 
over the 5 days of 
administration ("spaghetti" 
plot) g 
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es) have been observed in some studies [19, 20]. Other 
toxic effects are anemia, nausea and vomiting, diarrhea, 
fever, alopecia, fatigue, and malaise. Antitumor activity 
has been observed in non-small-cell lung cancer, ovarian 
cancer, endometrial cancer, colon cancer, hepatoma, 
thymoma, and small-cell carcinoma of the bladder [18, 
21, 22]. Treatment could be tolerated for many months 
in patients with responding or stable disease. 

In our study, patients with advanced ovarian, tubal 
and peritoneal carcinomas resistant to platinum, taxane 
and topotecan were treated with DX-8951f. Minor re- 
sponse combined with stable disease was observed in 
about 44% of patients for a median duration of 
100 days (range 58 to 210 days). Overall survival was 
117 days (95% CI 90-279days), All patients who 
achieved stabilization of disease were heavily pretreated 
and resistant to platinum, taxane and topotecan. In a 
similarly refractory population who had not been pre- 
treated with topotecan, treatment with another cam- 
ptothecin analog, rubitecan, yielded a 7% remission rate 
[23]. Observed toxicity was similar to that reported for 
other DX-8951f studies. Because of bowel compromise 
related to peritoneal carcinomatosis, gastrointestinal 
side effects were prominent. 

A relationship has been demonstrated between AUC 
and Cmax and severity of neutropenia and gastrointes- 
tinal toxicity [24]. Plasma levels reach cytotoxic con- 
centrations. Drug concentrations exceeding biologically 
relevant concentrations (>0.435 to 4.35 ng/ml) were 
sustained in patients for prolonged periods, with Cmax 
values averaging 52 ng/ml and 77 ng/ml at 0.3 and 
0.5 mg/m 2 per day, respectively (the recommended 
phase II doses for heavily and minimally pretreated 
patients) [18]. The AUC (lactone/total drug) ratio is 
around 30% and the terminal elimination half-life 
between 6 and 9 h. Plasma pharmacokinetics showed 
large interpatient variations. In the present study, Cmax 
and half-life values were similar. The average Cmax after 
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single administrat ion was 34 ng/ml at 0.3 mg/m 2 per 
day. The average terminal elimination half-life was 
9.5 h. The residual variability in plasma concentrations 
derived by the compar tmenta l  pharmacokinet ic  model 
was 12.2%. This includes the intraindividual variability, 
all experimental errors (errors in dosing, errors in 
analysis, etc.) and errors arising f rom the pharmacoki-  
netic modeling. Therefore, the chosen model fitted the 
data well. The interindividual CV% ranged f rom 28% to 
72%. This latter variability in pharmacokinet ic  param-  
eters is typical of  those found for most  drugs. 

The ant i tumor  activity of  DX-8951f has been 
linked to accumulat ion of  drug in the cells. This 
phenomenon seems to be at the basis of  the differ- 
ential activity between the different camptothecin 
analogs [25]. One factor that  could account for the 
increase in ant i tumor  effect may be related to higher 
membrane  permeabili ty [26]. It  has been found that 
cytotoxicity of  hexacyclic camptothecin analogs (DX- 
8951f-type analogs) does not always correlate with 
their topoisomerase I inhibitory activity, but that it 
does positively correlate with the calculated logP va- 
lue, as an indicator of membrane  permeabili ty [27]. Of  
all the camptothecin analogs tested, DX-8951f has the 
highest calculated logP value. Furthermore,  DX-8951f 
is able to completely overcome P-glycoprotein-medi- 
ated resistance and is hardly affected by BCRP-med-  
iated resistance [25, 27, 28]. In a cloning in vitro 
system of  adult and pediatric tumors,  topotecan was 
minimally effective after a 1-h exposure but showed 
concentrat ion-dependent  inhibition with continuous 
exposure [8]. DX-8951f had definite cytotoxic activity 
in a concentrat ion-dependent  manner  with both a 1-h 
and continuous exposure. Compar ison  of  topotecan 
and DX-8951f showed that five of  eight ovarian tu- 
mors were more  sensitive to the latter. With contin- 
uous exposure, DX-8951f and topotecan were equally 
effective at equimolar  concentrations. These data 
suggest that  DX-8951f may  have a higher therapeutic 
index than topotecan [7, 8] or irinotecan [29, 30]. 
When tested on human  tumor  xenografts,  the antitu- 
mor  activity has also been shown to be greater than 
with topotecan or irinotecan [29, 31, 32, 33]. 

In a heavily pretreated populat ion of  patients with 
advanced ovarian, tubal or peritoneal cancer resistant to 
prior  platinum, taxane and topotecan,  DX-895 I f  did not 
have significant activity. However,  stable disease and 
minor response were observed, and this supports  the 
preclinical data indicating that  DX-8951f is active in 
topotecan- and irinotecan-resistant tumor  celI lines. 
Therefore, DX-8951f may  be as effective as other ana- 
logs such as topotecan or irinotecan when administered 
to patients naive to camptothecins.  

References 

1. Holschneider CH, Berek JS (2000) Ovarian cancer: epidemiol- 
ogy, biology, and prognostic factors. Semin Surg Oncol 19:3 

2. Berek JS, Bertelsen K, du Bois A, Brady MF, Carmichael J, 
Eisenhauer EA. Gore M, Grenman S, Hamilton TC, Hansen 
SW, Harper PG, Horvath G, Kaye SB, Luck H J, Lund B, 
McGuire WP, Neijt JP, Ozols RF, Parmar MKB, Piccart- 
Gebhart M J, van Rijswijk R, Rosenberg P, Rustin GJS, Sessa 
C, Thigpen JT, et al (1999) Advanced epithelial ovarian cancer: 
1998 consensus statements. Ann Oncol 10:87 

3. Marsden DE, Friedlander M, Hacker NF (2000) Current 
management of epithelial ovarian carcinoma: a review. Semin 
Surg Oncol 19:11 

4. Gordon A, Huinink WtB, Gore M, Malmstrom H, Krebs L 
Fields S (1997) Pooled analysis of patients (pts) with recurrent 
ovarian cancer (ROC) who were treated with topotecan (T) 
after progression or failure on first- or second-line platinum 
(PLAT) and paclitaxel (P). Proc Am Soc Clin Oncol 16:A1319 

5. Wall ME, Wani MC (1996) Camptothecin. Discovery to clinic. 
Ann N Y Acad Sci 803:1 

6. Kawato Y, Terasawa H (1997) Recent advances in the medic- 
inal chemistry and pharmacology of camptothecin. In: Ellis 
GP, Luscombe DK (eds) Progress in medicinal chemistry, 
Elsevier, Amsterdam, p 69 

7. Mitsui I, Kumazawa E, Hirota Y, Aonuma M, Sugimori M, 
Ohsuki S, Uoto K, Ejima A, Terasawa H, Sato K (1995) A new 
water-soluble camptothecin derivative, DX-8951f, exhibits po- 
tent antitumor activity against human tumors in vitro and in 
vivo. Jpn J Cancer Res 86:776 

8. Lawrence RA, Izbicka E, De Jager RL, Tohgo A, Clark GM, 
Weitman SD, Rowinsky EK, Von HoffDD (1999) Comparison 
of DX-895If and topotecan effects on tumor colony formatior~ 
from freshly explanted adult and pediatric human tumor cells. 
Anticancer Drugs 10:655 

9. Green S, Weiss GR (1992) Southwest Oncology Group stan- 
dard response criteria, endpoint definitions and toxicity criteria, 
Invest New Drugs 10:239 

10. Oguma T, Ohshima Y, Nakaoka M (2000) Sensitive high-per- 
formance liquid chromatographic method for the determina- 
tion of the lactone form and the lactone plus hydroxy-acid 
forms of the new camptothecin derivative DX-8951 in human 
plasma using fluorescence detection. J Chromatogr B Biomed 
Sci Appl 740:237 

11. Gibaldi M, Perrier D (1982) Multicompartment models. In: 
Swarbrick J (ed) Pharmacokinetics. Marcel Dekker, New York 
Basel, p 45 

12. D'Argenio D, Schumitzky A (1997) ADAPT-II users manual 
Biomedical Simulations Resource, University of Southern 
California, Los Angeles 

13. Yamaoka K, Nakagawa T, Uno T (1978) Application of Ak- 
aake's information criterion (AIC) in the evaluation of linear 
pharmacokinetic equations. J Pharmacokinet Biopharm 6:165 

14. Collins D, Forrest A (1995) IT2S user's guide. State University 
of New York at Buffalo, Buffalo 

15. Simon R (1989) Optimal two-stage designs for phase II clinical 
trials. Control Clin Trials 10:1 

16. Peto J (1984) The calculation and interpretation of survival 
curves. In: Buyse M, Staquet M, Sylvester R (eds) Cancer 
clinical trials: methods and practice. Oxford University Press, 
Oxford, p 361 

17. Rustin G J, Nelstrop AE, McClean P, Brady MF, McGuire 
WP, Hoskins WJ, Mitchell H, Lambert HE (1996) Defining 
response of ovarian carcinoma to initial chemotherapy 
according to serum CA 125. J Clin Oncol 14:1545 

18. Rowinsky EK, Johnson TR, Geyer CE Jr, Hammond LA. 
Eckhardt SG, Drengler R, Smetzer L, Coyle J, Rizzo J, Sch- 
wartz G, Tolcher A, Von Hoff DD, De Jager RL (2000) DX- 
8951f, a hexacyclic camptothecin analog, on a daily-times-five 
schedule: a phase I and pharmacokinetic study in patients with 
advanced solid malignancies. J Clin Oncol 18:3151 

19. Minami H, Fujii H, Igarashi T, Itoh K, Tamanoi K, Oguma T, 
Sasaki Y (2001) Phase I and pharmacological study of a new 
camptothecin derivative, exatecan mesylate (DX-89510, in- 
fused over 30 minutes every three weeks. Clin Cancer Res 
7:3056 



20. Kamiya Y, Yamamoto N, Yamada Y, Kusaba H, Shimada Y, 
Tamura T, Tamanoi K, Oguma T (1999) Phase I and phar- 
macokinetic (PK) study of DX-8951f, a novel camptothecin 
analog, given as 30 minute infusion daily for 5 days. Proceed- 
ings of the AACR, NCI, EORTC International Conference. 
A327 

21. Garrison M, Hammond L, Geyer C, Smetzer L, Coyle J, Felton 
S, Drengler R, Tolcher A, Smith L, Garner A, DeJager R, Ek R 
(2000) A phase I pharlnacokinetic (PK) study of the campto- 
thecin (CPT) analog DX-8951f (exatecan mesylate): escalating 
infusion duration and dose. Proc Am Soc Clin Oncol 19:A765 

22. Royce ME, Hoff PM, Dumas P, Lassere Y, Lee JJ, Coyle J, 
Ducharme MP, De Jager R, Pazdur R (2001) Phase I and 
pharmacokinetic study of exatecan mesylate (DX-8951f): a 
novel camptothecin analog. J Clin Oncol 19:1493 

23. Verschraegeu CF, Gupta E, Loyer E, Kavanagh J J, Kudelka 
AP, Freedman RS, Edwards CL, Harris N, Steger M, Steltz V, 
Giovanella BC, Stehlin JS (1999) A phase II clinical and 
pharmacological study of oral 9-nitrocamptothecin in patients 
with refractory epithelial ovarian, tubal or peritoneal cancer. 
Anticancer Drugs 10:375 

24. Sharma S, Kemeny N, Schwartz GK, Kelsen D, O'Reilly E, 
Ilson D, Coyle J, De Jager RL, Ducharme MP, Kleban S, 
Hollywood E, Saltz LB (2001) Phase I study of topoisomerase I 
inhibitor exatecan mesylate (DX-8951f) given as weekly 24- 
hour infusions three of every four weeks. Clin Cancer Res 
7:3963 

25. Joto N, Ishii M, Minami M, Kuga H, Mitsui I, Tohgo A (1997) 
DX-8951f, a water-soluble camptothecin analog, exhibits po- 
tent anntumor activity against a human lung cancer cell line 
and its SN-38-resistant variant. Int J Cancer 72:680 

26. Mitsui I, Ohsuki S, Hirota Y, Sugimori M, Terasawa H, Sato K 
(1994) High potency of a camptothecin derivative DX-8951 
might be attributed to good membrane permeability (abstract). 
Proc Am Assoc Cancer Res 35:A2716 

27. Ishii M, Iwahana M, Mitsui I, Minami M, Imagawa S, Tohgo 
A, Ejima A (2000) Growth inhibitory effect of a new campto- 
thecin analog, DX-8951f, on various drug-resistant sublines 
including BCRP-mediated camptothecin derivative-resistant 
variants derived from the human lung cancer cell line PC-6. 
Anticancer Drugs 11:353 

28. Maliepaard M, van Gastelen MA, Tohgo A, Hausheer FH, van 
Waardenburg RC, de Jong LA, Pluim D, Beijnen JH, Schellens 
JH (2001) Circumvention of breast cancer resistance protein 
(BCRP)-mediated resistance to camptothecins in vitro using 
non-substrate drugs or the BCRP inhibitor GF120918. Clin 
Cancer Res 7:935 

29. Kumazawa E, Ochi Y, Nakayama Y, Iwahana M, Aonuma M, 
Tanaka N, Tohgo A (1995) Antitumor effect of DX-8951, a 
new camptothecin derivative, in various murine models (ab- 
stract). Proc Am Assoc Cancer Res 36:A2627 

30. Mitsui I, Kumazawa E, Hirota Y, Sugimori M, Ohsuki S, Uoto 
K, Terasawa H, Sato K (1993) Antitumor activity of DX-8951, 
a new camptothecin derivative (abstract). Proc Am Assoc 
Cancer Res 34:A2510 

31. van Hattum AH, Pinedo HM, Schluper HM, Erkelens CA, 
Tohgo A, Boven E (2002) The activity profile of the hexacyclic 
camptothecin derivative DX-8951f in experimental human co- 
lon cancer and ovarian cancer. Biochem Pharmacol 64:1267 

32. Takiguchi S, Kumazawa E, Shimazoe T, Tohgo A, Kono A 
(1997) Antitumor effect of DX-8951, a novel camptothecin 
analog, on human pancreanc tumor cells and their CPT-11- 
resistant variants cultured in vitro and xenografted into nude 
mice [published erratum appears in Jpn J Cancer Res 1997 
Sep;88(9):919]. Jpn J Cancer Res 88:760 

33. Kumazawa E, Jimbo T, Ochi Y, Tohgo A (1998) Potent and 
broad antitumor effects of DX-8951f, a water-soluble cam- 
ptothecin derivative, against various human tumors xeno- 
grafted in nude mice. Cancer Chemother Pharmacol 42:210 


